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Summary 

A procedure for cellular fractionation and preparation of plasma membrane 
from a Burkitt's lymphoma cell line is described. This procedure involves 
homogenization with a Polytron in buffered isotonic sucrose, and separation of 
cellular fractions by differential and isopycnic centrifugation in sucrose. The 
isolated plasma membrane fraction contains 44% of the cellular cholesterol, 
50% of the ouabain-sensitive (Na++K÷)-ATPase activity, 43% of the 
7-glutamyltranspeptidase activities and 16% of the phospholipid. This fraction 
contains only 3% of cellular protein and is contaminated with less than 4% of 
the total cellular activities of microsomal, lysosomal, mitochondrial, Golgi and 
soluble marker enzymes. The cholesterol : phospholipid molar ratio of the 
crude plasma membrane is 0.56. The membranes in this fraction are in the form 
of vesicles. Further purification of plasma membrane is achieved by sucrose 
density gradient centrifugation and results in a 25- to 30-fold enrichment of 
plasma membrane markers. Plasma membrar~e markers band in these gradients 
between 1.10 and 1.15 g/cm 3. 

The distribution patterns in the cell fractions of 18 cellular constituents are 
quantitatively determined. Most constituents are found to distribute in a 
fashion consistent with the results obtained in other systems. Thymidine-5'- 
phosphodiesterase (phosphodiesterase I), esterase, nucleoside diphosphatase 
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and glucose-6-phosphatase, however, are shown to be poor markers of mem- 
brane fractions in this system. 

Lactoperoxidase-catalyzed iodination was used to identify several plasma 
membrane proteins which are exposed at the surface. After separation of 
labeled polypeptides by sodium dodecyl sulfate gel electrophoresis, the 
predominant labeled protein was identified as the heavy chain of IgM. Several 
lesser labeled proteins were observed. 

Introduction 

An understanding of the properties of the lymphoma cell surface may be 
useful in order to gain insight into the function of the lymphocyte in the 
immune response [1] and to understand the nature of the changes which take 
place upon malignant transformation. We have employed a Burkitt's lymphoma 
cell line as a model system of the lymphocyte surface. These cells are related to 
B-lymphocytes, since they have surface receptors for complement component 
C3, Epstein-Barr virus and the Fc region of immunoglobulin [2--6]. They also 
express histocompatibility antigens and immunoglobulin on their surface 
[2--5]. In order to study the molecular nature of these and other cell surface 
features, it is necessary to purify the plasma membrane. 

Several methods have been developed for the purification of plasma mem- 
brane from lymphoid cells [7--13]. These methods differ chiefly in the method 
of homogenization of the cells. Recently a method has been described for the 
purification of plasma membrane from the Raji line of Burkitt's lymphoma 
[13]. This method is novel in that the cells were loaded with glycerol prior to 
hypotonic lysis. The quality of the membrane prepared by this method is 
difficult t o  assess, since the intracellular localization of plasma membrane and 
endoplasmic reticulum markers is not validated in the Raji cell system. The 
plasma membrane marker thymidine 5'-phosphodiesterase (phosphodiester- 
ase I, EC 3.1.4.1) and the endoplasmic reticulum markers glucose-6-phospha- 
tase (EC 3.1.3.9) and esterase (EC 3.1.1.2) are each found to be significantly 
enriched in the soluble cytoplasm [13]. 

In this report we describe a simple procedure for purification of plasma 
membrane from another line (CA46) of Burkitt's lymphoma. In order to be 
certain of the quality and yield of plasma membrane, we have measured the 
distributions after fractionation of 18 biochemical markers of intracellular 
compartments. We show that the enzymes, thymidine-5'-phosphodiesterase, 
glucose-6-phosphatase, esterase and nucleoside diphosphatase (EC 3.6.1.6), 
are not valid markers of membranes in this cell system. In addition, we iden- 
tify, by means of lactoperoxida.4e-catalyzed iodination of intact cells, several 
plasma membrane polypeptides which are exposed on the cell surface. 

Methods 

Materials. Substrates and biochemicals for all enzyme assays were obtained 
from Sigma Chemical Co., St. Louis, MO. Sucrose (RNAase-free) and Tris (free 
base) were obtained from Schwartz/Mann, Orangeburg, NY. Triton X-100 was 
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obtained from Serva, Accurate Chemical and Scientific Corp., Hicksville, NY. 
Diaminobenzoic acid was obtained from Eastman Organic Chemicals, 
Rochester, NY. Orcinol was obtained from Sigma. Cholesterol, 5-~-cholestane, 
Chromsorb W AW (80/100 mesh) and Dexsil GC 300 were obtained from 
Applied Science Laboratories, Inc., State College, PA. N,O-bis(trimethylsilyl)- 
trifluoroacetamide, containing 1% trimethylchlorosilane was obtained from 
Pierce Chemical Co., Rockford, IL. Radioactive chemicals, [7(n)-3H]cholesterol 
(9.5 Ci/mmol), [G-3H]ouabain (14.7 Ci/mmol), [5-3H]uridine (20 Ci/mmol), 
uridine diphospho[U-~4C]galactose (322 mCi/mol)and 12sI (carrier-free)were 
obtained from Amersham, Arlington Heights, IL. Other chemicals were 
obtained from commercial suppliers and were reagent grade. Tissue culture 
medium and fetal calf serum were obtained from Gibco, Grand Island, NY. 

Cell cultures. Burkitt's lymphoma cells (CA46 line) were provided by Dr. Ian 
Magrath, National Cancer Institute (U.S.A.). They were maintained in station- 
ary suspension culture in RPMI 1640 medium, supplemented with heat- 
inactivated fetal calf serum (10%) and 1-glutamine (1.5 g/l). This cell line con- 
tained no Epstein-Barr virus nuclear antigen or detectable Epstein-Barr genome 
(Magrath, I.T., Pizzo, P.A., Whang-Peng, J., Alabaster, O., Freeman, C.B. and 
Novikovs, L., unpublished 
Cultures were maintained 
discarded after 20 passages. 
cells. 

observations) and was negative for mycoplasma. 
at a cell density of 0.3--3. 106/ml and were 
New cultures were initiated from a stock of frozen 

Cell fractionation. Early log-phase cultures (2--3 • 109 cells) were harvested 
by centrifugation at 250 × g for 10 min. The cell pellet was washed three times 
in 100-ml ice-cold homogenizing buffer (0.25 M sucrose, 4 mM MgC12, 10 mM 
Tris, pH 7.8). All subsequent operations were performed at ice temperature. 
The pellet from the third wash was resuspended in 50 ml of homogenizing 
buffer and divided into two equal aliquots in 50-ml conical centrifuge tubes. At 
this stage there were approx. 2 • 109 cells with a viability of greater than 97% 
as judged by trypan blue exclusion. 

Each aliquot was homogenized for 60--90 s with a Polytron (Brinkman 
Instruments, Model PCU 2) at a power setting of 8. Cellular breakage was 
assessed by measuring the lactate dehydrogenase activity of an aliquot of 
homogenate. Homogenization was continued for 15-s intervals until the lactate 
dehydrogenase activity of the homogenate was approx. 90% of that measured 
in the presence of 0.1% Triton X-100. Nuclear breakage was assessed by 
counting with a phase contrast hemocytometer. At 90% cell breakage 40--60% 
of the nuclei were intact. 

Fractionation. The procedure used for fractionation of the homogenate is 
described in Fig. 1. 

Enzyme assays. All assays were performed at 37°C except as noted. Each 
activity was measured at two or more time points and two or more protein con- 
centrations to insure linearity of kinetic parameters. 

Ouabain-sensitive (Na + + K+)-ATPase (EC 3.6.1.3) was assayed as described 
[14] with modifications [15], using ouabain octahydrate (0.5 mM) to deter- 
mine the ouabain-sensitive ATPase activity. The reaction was stopped by addi- 
tion of 0.25 ml of ammonium molybdate (40 mM in 4 N H2SO4). Phosphate 
was determined after measurement of the absorbance at 820 nm by using a 
standard curve. 
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Fig .  I .  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  p r e p a x a t i o n  o f  Burl~it t  cel l  f r a c t i o n s .  T h e  h o m o g e n a t e  was  p r e -  
p a r e d  as d e s c r i b e d  in  M e t h o d s .  ( a ) T h e  pe l l e t  f r o m  t h e  f i r s t  c e n t r i f u g a t i o n  was  t w i c e  r e s u s p e n d e d  i n  
h o m o g e n i z i n g  b u f f e r  ( 1 0  m l )  b y  D o u n c e  h o m o g e n i z a t i o n  (B pes t l e )  a n d  was  r e e e n t r i f u g e d .  T h e  s u p e r -  
n a t a n t s  f r o m  th is  s t ep  were  c o m b i n e d  w i t h  t h a t  f r o m  t h e  f i r s t  c e n t r i f u g a t l o n .  ( b ) T h i s  pe l l e t  w a s  
r e s u s p e n d e d  t w i c e  in  h o m o g e n i z a t i o n  b u f f e r  ( 1 0  ml )  b y  D o u n e e  h o m o g e n i z a t i o n ,  r e c e n t r i f u g e d ,  a n d  t h e  
s u p e r n a t a n t s  c o m b i n e d  w i t h  t h a t  f r o m  t h e  in i t i a l  6 0  0 0 0  × g .  m i n  c e n t r i f u g a t l o n .  ( c ) T h i s  pe l l e t  was  
r e s u s p e n d e d  in  7 m l  o f  3 8 %  ( 1 . 3 0  M) s u c r o s e  ( 1 . 1 7  g / c m  3 in  1 0  m M  Tris ,  p H  7 .8 )  tugng  a D o u n c e  h o m o -  
gen ize r  (B pes t l e ) .  The  s u s p e n s i o n  was  ove r l a id  w i t h  h o m o g e n i z i n g  b u f f e r  a n d  c e n t r i f u g e d  ( 1 5  h a t  3 5 0 0 0  
r e v . / m i n )  in  a n  S W 4 0  r o t o r  ( B e c k m a n  I n s t r u m e n t  Co . ) .  F o l l o w i n g  c e n t r i f u g a t l o n  the  h o m o g e n i z i n g  
b u f f e r  o v e r l a y  was  d i s c a r d e d .  T h e  m a t e r i a l  a t  t h e  0 . 2 5  M / 1 . 3 0  M i n t e r f a c e  w a s  r e m o v e d  w i t h  a s y r i n g e  a n d  
a 1 5  g a u g e  n e e d l e  a n d  d i l u t e d  w i t h  h o m o g e n i z i n g  b u f f e r .  T h e  m a t e r i a l  in  t h e  1 . 3 0  M s u c r o s e  a n d  t h e  
pe l l e t  we re  a lso  saved .  ( d ) T h e  pe l le t  f r a c t i o n s  were  r e s u s p e n d e d  in  h o m o g e n i z i n g  b u f f e r  b y  D o u n c e  
h o m o g e n i z a t i o n ,  a n d  t h e  v o l u m e s  o f  all  f r a c t i o n s  we re  n o t e d .  The  f r a c t i o n s  w e r e  d iv ided  i n t o  a l i q u o t s  a n d  
f r o z e n  a t  - - 8 0  ° C. 

Nucleoside diphosphatase (EC 3.6.1.6)was determined [16] by phosphate 
released, after isobutanol extraction [ 15 ]. 

~-Glutamyltranspeptidase (EC 2.3.2.1) was assayed [17] by measuring 
absorbance of the samples at 410 nm. The amount of product liberated was 
determined using the absorption coefficient of 9.2 cm -1 • mM -1 [18]. 

Phosphodiesterase I and II (EC 3.1.4.1), esterase (EC 3.1.1.21), ouabain- 
sensitive p-nitrophenylphosphatase (EC 3.6.1.3), and N-acetylglucosaminidase 
(EC 3.2.1.36) were estimated by measuring at 400 nm the release of p-nitro- 
phenol from p-nitrophenylthymidine 5'-phosphate, p-nitrophenylthymidine 
3'-phosphate, p-nitrophenylacetate, p-nitrophenylphosphate and p-nitrophenyl- 
N-acetyl-~-D-glucosaminide, respectively. An absorption coefficient of 17 cm -1 • 
mM -1 was assumed [19]. 
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Phosphodiesterase I was assayed in a final volume of  1 ml. The reaction 
mixture  contained 0.1 M glycine-NaOH, pH 8.5, 0.5 mM MgC12, 0.1% Triton 
X-100, 0.5 mM p-ni t rophenyl thymidine 5'-phosphate, and enzyme [20]. 

Phosphodiesterase II was assayed with p-ni t rophenyl thymidine 3'-phosphate 
(0.5 mM) in a reaction mixture  composed of 30 mM sodium citrate, pH 4.5, 
0.5 mM MgC12, 0.1% Triton X-100, and enzyme in a final volume of 1 mh 

Esterase and N-acetylglucosaminidase were determined in a volume of 1 ml 
[16]. 

The hydrolysis of  p-ni t rophenylphosphate by (Na÷+ K÷)-ATPase was mea- 
sured [21]. Ouabain-sensitive activity was determined by incubation of the 
enzyme for 90 min in the presence of ouabain (1 mM) prior to the addition of 
substrate to start the reaction. 

Lactate dehydrogenase (EC 1.1.1.27) was assayed at 25°C [22]. The reaction 
mixture contained 0.9% NaC1 and 0.1% Triton X-100. The oxidation of  NADH 
was observed for 5 min at 340 nm. An absorption coefficient for reduced 
NADH of 6.22 cm -1 •mM -1 was assumed [23]. 

Glucose-6-phosphatase (EC 3.1.3.9) was assayed [24]. NaF (0.8 mM) and 
EDTA (0.8 mM) were included to inhibit nonspecific phosphatase activity 
[25]. The acid-soluble phosphate was measured as described [26]. 

Succinate dehydrogenase (EC 1.3.99.1) was assayed at 25°C [27] using 
phenazine methosulfate and 2,6-dichlorophenolindophenol.  The reaction was 
followed by observing the change in absorbance at 600 nm. The concentrat ion 
of  phenazine methosulfate for maximum velocity was determined for each 
assay and was approx. 0.3 mg/ml. Triton X-100 (0.05%) was included in each 
assay. The absorption coefficient for 2,6-dichlorophenolindophenol was 
10.5 cm -1" mM -1 [27]. 

NADH cytochrome c reductase (EC 1.6.2.1) was assayed at 25°C [16] by 
observing the change of absorbance at 550 nm. The absorption coefficient for 
reduced cy tochrome c was 19.6 cm -1- mM -1 [16]. The reaction was not  
inhibited by the addition of  ro tenone (0.5 ~m) [28]. 

NADH diaphorase (EC 1.6.99.3) was assayed at 25°C in the same buffer  
system as for cy tochrome c reductase except  that  K3Fe(CN)6 (0.66 raM) was 
substituted for cy tochrome c [23]. The oxidation of NADH was followed at 
340 nm. 

Galactosyl transferase (EC 2.4.1.22) was assayed by measuring the formation 
of  N- [ 14 C ] acetyllactosamine from UDP [ 14 C ] galactose and N-acetylglucosamine 
[29]. 

Radioactive labeling. Cells were labeled with [3H]uridine by incubation of 
cultures (1 l) in medium containing the isotope {0.25 ~Ci/ml of culture) for 
20 h prior to harvest. [ 3H]Uridine radioactivity was measured after absorption 
of  50-pl aliquots of  the fractions on filter papers and washing with ice-cold 5% 
trichloroacetic acid. Total incorporation was 5.8 ~Ci. The identity of the 
cellular label as RNA was indicated by the complete solubilization of acid- 
precipitable radioactivity in 0.5 N HCIO4 at 75°C for 20 min. 

Cells were labeled with [3H]cholesterol by incubation of  cultures (1 1) in the 
presence of  the isotope (0.25 ~Ci/ml of culture) for 16 h before harvest. The 
radioactivity in 5 0 - ~  aliquots of  the cell fractions was measured directly after 
solubilization in Protosol (New England Nuclear). Total incorporation was 
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0.5 /~Ci. Incorporated label was identified as cholesterol, after extraction as 
described below for unlabeled cholesterol, by thin-layer chromatography on 
silica gel in two solvent systems (petroleum ether/diethyl  ether/formic acid, 
80 : 20 : 2, v/v/v; and 1% methanol  in cyclohexane).  

Cells were labeled with [3H]ouabain by incubation of cultures (1500 ml) 
with the isotope (0.05 ~Ci/ml of culture) at 37°C for 1 h prior to harvest. 
Radioactivity of  the fractions was measured directly by dissolving 50-~1 
aliquots in Protosol (New England Nuclear). Total incorporation was 0.1 ~Ci. 

For  enzymatic iodination [30] the cells were carefully washed to remove 
dead cells and debris by the following procedure. Cultures were harvested as 
described above, and the cell pellet was resuspended in ice-cold Dulbecco's 
phosphate-buffered saline (35 ml). The resuspended cells were then placed in 
a 50 ml conical centrifuge tube and underlaid with 10-ml homogenizing buffer 
and then with 0.5 ml of Ficoll-Paque (Pharmacia Fine Chemicals, Piscataway, 
NJ). The cells were then pelleted at 260 × g for 4 min and the supernatant 
removed by aspiration. The cells on the Ficoll-Paque cushion were resuspended 
in phosphate-buffered saline and washed once more. The washed cells were 
then resuspended at a concentrat ion of 1" 107/ml in ice-cold phosphate- 
buffered saline supplemented with Tricine (10 raM), glucose (100 mM), KI 
(10 nM), lactoperoxidase (Sigma, 10 ~g/ml) and Na12SI (4 ~Ci/ml). The reac- 
tion mixture was adjusted to pH 8.2 prior to use. The reaction was started by 
addition of  glucose oxidase (Sigma Type II, 5 ~g/ml) and was terminated after 
30 min by underlaying with homogenizing buffer containing 0.02% NAN3, and 
then with Ficoll-Paque, followed by centrifugation at 260 X g for 4 min. The 
supernatant  was discarded, and the cells were washed twice more in homo- 
genizing buffer. Following iodination, cell viability was 98--99% as judged by 
t rypan blue exclusion. 

The covalently incorporated label was identified [31] as monoiodotyrosine  
(85--90%) or as neutral lipid, soluble in CHC13/CH3OH/H20, 10 : 10 : 3, v/v/v 
(10--15%). Protein-bound radioactivity was determined after trichloroacetic 
acid precipitation [31] and extraction with CHC13/CH3OH/H20. 

All 3H and 14C radioactivity determinations were made in duplicate in a 
liquid scintillation counter  using a toluene-based scintillation fluid containing 
2,5-diphenyloxazole (4 g/l), p-bis[2-(5-phenyloxazolyl)benzene (0.05 g/l) and 
10% ethanol.. Quench of  all samples was essentially the same. Counting effi- 
ciency for 3H was 57%. Samples were counted for sufficient t ime to attain an 
error of  less than -+4% at 2o. 12sI was counted in a gamma spectrometer  with an 
efficiency for ~2sI of  80%. Samples were counted to an error of  -+1% at 2a. 

Chemical determinations. Nucleic acids were extracted as described [32]. An 
aliquot of  the extracts was used for the determination of  RNA [33] using yeast 
RNA as a standard. Another  aliquot was used for the determination of DNA 
[32] using calf thymus  DNA as a standard. 

Lipid was extracted as described [34,35]. Phospholipid phosphorus was 
determined as described [ 26,36]. Phospholipid was calculated assuming a phos- 
phate conten t  of  4% and an average phospholipid Mr of 775 [13,37]. 

Cholesterol in the lipid extract  was determined after evaporation of  the 
chloroform phase to dryness under  a stream of nitrogen at 37°C. The dried 
extracts were treated with 50 ~1 of  a mixture of distilled pyridine and N,O- 
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bis(trimethylsilyl)trif luoroacetamide (containing 1% trimethylchlorosilane) 
(1 : 1, v/v) for 30 min at room temperature and were then analyzed with a gas 
chromatograph equipped with a flame ionization detector.  Separation was 
achieved with a glass column (3 ft. X 2 mm) packed with 3% Dexsil GC 300 on 
Chromsorb W AW (80/100 mesh). The injection temperature was 250°C, and 
the column temperature was 270°C. 5-a-Cholestane was added to the samples 
as an internal standard. The areas under the cholesterol and cholestane peaks 
were used as a measure of  the amount  of  material in each peak by comparison 
with standards. The average retention time of  5-~-cholestane was 2.83 min and 
of  cholesterol, 5.15 min. Mass spectral analysis was used to verify the identity 
of  the cholesterol peak. 

Protein was determined [38] using bovine albumin as a standard. 
Electron microscopy. Samples of  the fractions were prepared for electron 

microscopy as described [39].  Sections were made in a plane parallel to the 
axis of  centrifugation. 

Results 

Analysis of the cell fractions 
The cell fractions were examined by electron microscopy. The N fraction 

was composed  of  nuclei, whole cells, nuclear fragments and debris. The D frac- 
tion was composed  of  some broken nuclei, densely stained chromatin and a 
large amount  of  debris. The P fraction contained large numbers of  ribosomes, 
some empty  vesicles, some vesicles containing densely stained material, and 
chromatin.  The I fraction (Fig. 2) was composed of  empty  vesicles, some 

Fig. 2. Electron mierograph of  mater ia l  in cell fraction I (see Fig. 1). Magnification, X37 300.  
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vesicles containing densely stained material and some ribosomes. No other 
organelles were identifiable either due to low numbers or because they were 
fragmented by homogenization.  The amounts  of  several enzyme and chemical 
constituents of  the cell fractions are shown in Tables I and II. The distribution 
patterns of  the markers are sufficiently distinct to allow assignments of  
groupings. Three markers of  the plasma membrane, ~/-glutamyltranspeptidase 
[ 7 ,40 ,41] ,  ouabain-sensitive (Na ÷ + K÷)-ATPase [7 ,14 ,40 ,41]  and cholesterol 
[42 - -44 ] ,  are found to be almost entirely in particulate fractions which contain 
membranes (membrane material is marked by the presence of  phospholipid).  
More than 40% of  these markers are found in the I fraction. Phosphodiester- 
ase I activity, which is a plasma membrane marker in other cell systems [40- -  
41 ,45] ,  does not  fractionate like a plasma membrane component  in this 
system. 

The relative specific activities of  these plasma membrane markers are listed 
in Table III. The ouabain-sensitive (Na ÷ + K÷)-ATPase distribution represents an 
average of  the activity measured in three different ways: by ouabain-sensitive 
hydrolysis o f  ATP, ouabain-sensitive hydrolysis of  p-nitrophenylphosphate 
[7 ,21]  and by the amount  of  radioactivity found in the fractions after incuba- 
tion of  cells in culture medium containing [3H]ouabain [46] .  It can be seen 
(Table I) that each of  these approaches gives similar results when the data are 

T A B L E  II 

A B S O L U T E  V A L U E S  O F  M E A S U R E M E N T S  

The a m o u n t s  o f  the  c o n s t i t u e n t s  w e r e  d e t e r m i n e d  as descr ibed  in M e t h o d s .  The  abso lu te  values refer  to  
1 • 1 0 9  cells.  T h e y  are e x p r e s s e d  as the  average o f  the  n u m b e r  o f  e x p e r i m e n t s  ± a value w h i c h  gives the  
largest  observed  dev ia t ion  f r o m  the  average and are the  s u m s  o f  the  abso lute  values o b t a i n e d  in the  N, D, 

P, 38%,  I a n d  S fract ions .  T h e  values  for  prote in ,  D N A ,  R N A  and"cho les tero l  are g iven as m g.  P h o s p h o -  

l i p i d  p h o s p h o r o u s  is g iven as # t o o l .  E n z y m e  units  are e x p r e s s e d  as ~ m o l  p r o d u c t  f o r m e d / r a i n  per  m g  p ro -  

t e i n .  

C o n s t i s t u e n t  EC N u m b e r  A b s o l u t e  value 
o f  
e x p e r i m e n t s  

Pro te i n  7 9 6 . 4  ± 1 3 . 4  * 

Phospho l ip id  p h o s p h o r o u s  4 4 .6  ± 0 .9  

D N A  3 4 . 4  ± 0 .7  

R N A  3 3.1 ± 0 .6  

C h o l e s t e r o l  2 1 . 1 0  + 0 . 2  

7-Glutamyl transpept ids . se  2 . 3 . 2 . 1  7 0 . 0 2 5  ± 0 . 0 0 8  * 

( N a  + + K+)-ATPase  3 . 6 . 1 . 3  2 0 . 2 7  ± 0 . 0 2  

p - N i t r o p h e n y l p h o s p h a t a s e  3 . 6 . 1 . 3  1 0 . 0 4  ± 

N A D H  D i a p h o r a s e  1 . 6 . 9 9 . 3  4 1 1 . 8  ± 3 . 2  

N A D H  c y t o c h r o m e  c r e d u e t a s e  1 . 6 . 2 . 1  3 0 . 4 6  ± 0 . 0 5  

G l u c o s e - 6 - p h o s p h a t a s e  3 . 1 . 3 . 9  2 0 . 5 3  ± 0 . 1 1  

S u c c i n a t e  d e h y d r o g e n a s e  1 . 3 . 9 9 . 1  3 0 . 9 3  ± 0 . 2 6  

N -Ace  t yl -~-gluco saminidase  3 . 2 . 1 . 3 0  3 1 .0  ± 0 . 5  

Phosphod ie s t erase  I 3 . 1 . 4 . 1  3 0 . 0 8  ± 0 . 0 2  

Phosp hod i e s t erase  II 3 . 1 . 4 . 1  2 0 . 0 6  ± 0 . 0 1  
Lacta t e  d e h y d r o g e n a s e  1 . 1 . 1 . 2 7  3 1 7 7  ± 5 3  

N u c l e o s i d e  d i phosphat ase  3 . 6 . 1 . 6  1 0 . 0 5  

Esterase 3 . 1 . 1 . 2  1 1 . 3 0  

Galac tosy l t rans ferase  2 . 4 . 1 . 2 2  2 0 . 4 9  ± 0 . 1 2  

* Values  re fer  to  the  m e a n  ± S.D.  
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T A B L E  I I I  

R E L A T I V E  S P E C I F I C  A C T I V I T I E S  O F  P L A S M A  M E M B R A N E  M A R K E R S  IN B U R K I T T ' S  L Y M -  
P H O M A  C E L L  F R A C T I O N S  

Data  w e r e  der ived by  e x p r e s s i o n  o f  the  da ta  o f  Table  I as spec i f i c  act ivit ies ,  i .e.,  p e r c e n t a g e  o f  t o ta l  
ac t iv i ty  in  a f r a c t i o n / p e r c e n t a g e  o f  t o ta l  pro te in  in a fract ion.  The  spec i f i c  act iv i t ies  w e r e  mul t ip l i ed  by 
the  value: percentage  r e c o v e r e d  a c t i v i t y / p e r c e n t a g e  r e c ove r e d  Protein.  H o m o g e n a t e  spec i f i c  act iv i ty  = 1.0. 

C o n s t i t u e n t  Re la t ive  spec i f i c  ac t iv i ty  in cel l  f rac t ion  

N D P 38% I S 

7 - G l u t a m y l t r a n s p e p t i d a s e  0 .29  0 .39  I .  7 3.5 18 0 . 3 5  

Chole s t ero l  * 0 .23  0 .56  1.6 2.4 17 0 .24  

( N a  + + K+)-ATPase  ** 0 .29  0 . 2 6  1 .5  2.9 18 0 . 1 4  

Phosphod ie s t erase  I 0 .76  0 .36  0 .37  0 . 6 5  1.3 1.8 

* R e p r e s e n t s  an ave rage  o f  the  t w o  m e t h o d s  in Table  I. 

** R e p r e s e n t s  an  average  o f  the  three  m e t h o d s  in Table  I. 

converted to relative values. Similarly, the cholesterol distribution is an average 
of  the results of  two approaches: direct measurement by gas-liquid chromatog- 
raphy and observation of the distribution of  radioactivity after incubation of  
cells in culture medium containing [3H]cholesterol. The data of Table I show 
that these approaches give similar results. 

7-Glutamyltranspeptidase, (Na ÷ + K÷)-ATPase and cholesterol fractionate 
similarly and are enriched in the I fraction 17- to 18-fold compared to homo- 
genate (Table III). The endoplasmic reticulum markers [7,23,28,42--45], 
NADH diaphorase, NADH cytochrome c reductase and RNA, are enriched 
relative to the homogenate in the particulate fractions (Table IV). Phosphodi- 
esterase I (Table III), esterase, nucleoside diphosphatase, and glucose-6- 
phosphatase (Table IV) do not show enrichment patterns characteristic of 
membrane-bound enzymes. 

The enrichment of authentic endoplasmic reticulum markers in the I frac- 
tion (Table IV) indicates some contamination with internal membranes. Lyso- 
somal markers, N-acetyl-~-glucosaminidase [7,42] and phosphodiesterase II 

T A B L E  IV  

R E L A T I V E  S P E C I F I C  A C T I V I T I E S  O F  E N D O P L A S M I C  R E T I C U L U M  M A R K E R S  IN  B U R K I T T ' S  
L Y M P H O M A  C E L L  F R A C T I O N S  

Data  w e r e  der ived f r o m  Table  I as descr ibed  in the  l egend  to  Table  I I I .  

C o n s t i t u e n t  Re la t ive  spec i f i c  ac t iv i ty  in ce l l  f ract ion  

N D P 38% I S 

N A D H  D i a p h o r a s e  0 . 9 5  1.9 2.2 1.0 1 .0  0 . 2 4  
R N A  * 1.2  0 . 9 5  1 .6  1.8 0 .52  0 . 2 5  
N A D H  c y t o c h r o m e  c r e d u e t a s e  1 .5  1.3 0 . 8 5  0 .61  1 .2  0 . 1 0  
Glucose -6 -phospha t ' a se  1 .4  0 .67  0 .83  0 . 4 2  0 . 7 8  0 .69  
Esterase 0 . 5 0  0 .16  0 .26  0 .42  1.3 2.0 
N u c l e o s i d e  d iphosphatase  0 . 1 8  0 . 0 9  0 . 5 2  1.8 5.7 2.8 

* R e p r e s e n t s  an average  of  the  t w o  m e t h o d s  in Table  I. 
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Fig.  3 .  A n a l y s i s  o f  t h e  m a t e r i a l  in  t h e  P f r a c t i o n  b y  i s o p y c n i c  c e n t r i f u g a t i o n  in  a s u c r o s e  d e n s i t y  g r a d i e n t  
(Na  + + K+)-ATPase  w a s  m e a s u r e d  b y  l a b e l i n g  B u r k i t t ' s  l y m p h o m a  cel ls  w i t h  [ 3 H ] o u a b a l n  as d e s c r i b e d  i n  
M e t h o d s .  Ma te r i a l  in  t h e  P f r a c t i o n  w a s  s u s p e n d e d  in  h o m o g e n i z i n g  b u f f e r  a n d  l a y e r e d  o n  a s u c r o s e  
g r a d i e n t  ( 3 5 - - 5 5 % ,  w / w ,  in  1 0  m M  Tris ,  p H  7 .8 ) .  S a m p l e  w a s  c e n t r i f u g e d  in  a n  S W 4 0  r o t o r  ( B e c k m a n  
I n s t r u m e n t  Co . )  a t  4 0 0 0 0  r e v . / m i n  f o r  1 5  h ( 1 0 1 2  m d 2 / s ) .  F o l l o w i n g  c e n t r i f u g a t i o n ,  0 .S  m l  f r a c t i o n s  
w e r e  r e m o v e d ,  s t a r t i n g  f r o m  t h e  t o p .  The  c o n s t i t u e n t s  w e r e  d e t e r m i n e d  as d e s c r i b e d  in  M e t h o d s .  S u c r o s e  
d e n s i t y  w a s  m e a s u r e d  o n  e v e r y  t h i r d  f r a c t i o n  b y  r e f r a c t o m e t r y  a n d  is i n d i c a t e d  b y  t h e  d o t t e d  l ine .  T h e  
so l id  l ine  r e p r e s e n t s  p r o t e i n ,  7 .8  m g  a p p l i e d ,  9 1 %  r e c o v e r e d ;  A . . . . .  . A  d i a p h o r a s e ,  3 . 1 / ~ m o l / m i n  a p p l i e d ,  
100% r e c o v e r e d ;  o . . . . .  - o  " y - g l u t a m y l t r a n s p e p t i d a s e ,  7 n m o l / m i n  a p p l i e d ,  6 2 %  r e c o v e r e d ;  o o, 
[ 3 H ] o u a b a i n ,  6 0 0 0  c p m  a p p l i e d ,  1 3 5 %  r e c o v e r e d .  

[45], are largely absent from this fraction. Contamination by mitochondrial 
marker, succinate dehydrogenase [27], DNA and soluble marker lactate 
dehydrogenase is very low. A significant amount of the Golgi marker [29], 
galactosyl transferase, is found in the I fraction. Golgi contamination may 
explain the enrichment for nucleoside diphosphatase in the I fraction (Table 
III) [47]. 

Subfractionation o f  the I and P fractions 
The I and P fractions were further analyzed on sucrose density gradients. 

Most of the [3H]ouabain (Fig. 3) bands at a density below 1.17 g/cm 3, where 
only a small amount of protein and very little diaphorase are found. Some- 
what less than half of 9,-glutamyltranspeptidase activity (Fig. 3) is found at a 
density lower than 1.17 g/cm 3, while the rest of the activity is found with most 
of the protein and diaphorase activity at higher densities. The diaphorase 
activity (Fig. 4) is found largely at a density higher than 1.15 g/cm 3, and the 
lysosomal marker, N-acetylglucosaminidase, is found (Fig. 5) mostly below a 
density of 1.09 g/cm 3. 

lodination 
Burkitt's lymphoma cells were labeled by iodination. The surface specificity 

can be seen from the data in Table V. The distribution of protein-bound label 
is similar to that of v-glutamyltranspeptidase. The difference in the percentage 
of label found in the ND fraction and the I fraction when radioactivity is com- 
pared with enzyme marker is due to the incorporation of label into extracel- 
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Fig .  4 .  Ana lys i s  o f  t he  m a t e r i a l  in  t h e  I f r a c t i o n  b y  i s o p y e n i c  c e n t r i f u g a t i o n  in  a suc rose  d e n s i t y  g rad i en t .  
P r o c e d u r e s  w e r e  as d e s c r i b e d  in the  l e g e n d  to  Fig .  3 e x c e p t  t he  I f r a c t i o n  was  a n a l y z e d  on  a 1 5 - - 4 0 %  

suc rose  g r a d i e n t .  F r a c t i o n s  w e r e  0 .5  ml .  - . . . . .  , suc rose  d e n s i t y ;  , p r o t e i n ,  3 .4  m g  app l i ed ,  76% 

r e c o v e r e d ;  ~ . . . . .  -~, d i a p h o r a s e ,  0 .8  / J m o l / m i n  app l i ed ,  80% r e c o v e r e d ;  o . . . . .  - o  7 - g l u t a m y l t r a n s p e p -  
t /dase ,  20 n m o l / m i n  app l i ed ,  97% r e c o v e r e d ;  o o,  [ 3 H ] o u a b a i n ,  4 " / 0 0 0  e p m  app l i ed ,  89% 
r e c o v e r e d .  

lular debris which is not  removed by cell washing. The labeled extracellular debris 
sediments at 60  000 × g • min, and is composed of  material which migrates at or 
near the tracking dye when analyzed by sodium dodecyl  polyacrylamide gel 
electrophoresis (data not  shown).  Extraction of  the cell fractions with Triton 
X-100 (1%) solubilizes 83% or more of  the covalently bound 12sI from all but 
the ND fraction where only 54% is extracted. The Triton-insoluble label from 
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Fig .  5. Ana lys i s  o f  t he  m a t e r i a l  in  t h e  I f r a c t i o n  b y  i s o p y c n i c  c e n t l d f u g a t i o n  in  a suc rose  d e n s i t y  g rad i en t .  

P r o c e d u r e s  were  as  d e s c r i b e d  in t h e  l egends  to  F igs .  3 a n d  4 e x c e p t  t h a t  t he  I f r a c t i o n  m a t e r i a l  was  
o b t a i n e d  f r o m  B u r l d t t ' s  l y m p h o m a  cells w h i c h  h a d  b e e n  l abe led  w i t h  [SI-I]chole~terol  as d e s e r i b e d  in  
M e t h o d s .  - . . . . .  , s u c r o se  d e n s i t y ;  , p r o t e i n ,  2 .2  m g  app l i ed ,  90% r e c o v e r e d ;  o . . . . . .  o,  ~ -g lu t amy l -  
t r a n s p e p t i d a s e ,  17  n m o l / m l n  app l i ed ,  85% r e c o v e r e d ;  o o, [ 3 H ] c h o l e s t e r o l  , 106  0 0 0  c p m  app l i ed ,  
93% r e c o v e r e d ;  ~ . . . . .  -~, N - a c e t y l g l u c o s a m i n i d a s e ,  200  n m o l / m i n  a p p l i e d ,  1 2 5 %  r e c o v e r e d .  
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T A B L E  V 

D I S T R I B U T I O N  A N A L Y S I S  O F  125 I  IN B U R K I T T ' S  L Y M P H O M A  C E L L  F R A C T I O N S  A F T E R  L A C -  
T O P E R O X I D A S E - C A T A L Y Z E D  I O D I N A T I O N  

B u r k i t t ' s  l y m p h o m a  cells  w e r e  l a b e l e d  w i t h  12 $ I as d e s c r i b e d  i n  M e t h o d s .  L a b e l e d  cel l  f r a c t i o n s  w e r e  pre-  
p a r e d  as d e s c r i b e d  in  M e t h o d s ,  e x c e p t  t h a t  t h e  p r e p a r a t i o n  o f  a s e p a r a t e  N f r a c t i o n  w a s  o m i t t e d .  T h e  
m a t e r i a l  in  t he  N f r a c t i o n  was  s e d i m e n t e d  w i t h  D f r a c t i o n  ( 6 0  0 0 0  X g • r a in )  a n d  t h e  e o m b i n e d  f r a c t i o n s  
are r e f e r r e d  t o  as  N D  f r a c t i o n .  F o r  p r e p a r a t i o n  o f  t h e  T r i t o n  X - 1 0 0  e x t r a c t s ,  a l l q u o t s  o f  t h e  f r a c t i o n s  
we re  m i x e d  w i t h  d e t e r g e n t  ( f ina l  c o n c e n t r a t i o n  1%) a n d  c e n t r i f u g e d  a t  1 6 5 0 0 0  X g f o r  4 5  rain. T h e  
r e s u l t i n g  s u p e r n a t a n t  ( T r i t o n  X - 1 0 0  e x t r a c t )  w a s  saved.  A n t i s e r u m  against  Bttrklt t  p l a s m a  m e m b r a n e  was  
p r e p a r e d  in  a g o a t  b y  i m m u n i z a t i o n  w i t h  m a t e r i a l  in  t h e  I f r a c t i o n .  I m m u n e  p r e c i p i t a b l e  r a d i o a c t i v i t y  in  
the  T r i t o n  X - 1 0 0  e x t r a c t s  o f  e a c h  f r a c t i o n  was  d e t e r m i n e d  b y  a d d i t i o n  o f  a p r e v i o u s l y  d e t e r m i n e d  e x c e s s  
o f  e i t h e r  t h e  IgG f r a c t i o n  o f  g o a t  an t i - I  f r a c t i o n  o r  g o a t  an t ioIgM (Mf les /Yeda) .  Q u a n t i t a t i v e  p r e c i p i t a t i o n  
was  e f f e c t e d  b y  a d d i t i o n  o f  an o p t i m a l  a m o u n t  o f  a n t i - g o a t  IgG P r e p a r e d  in  a d o n k e y  (Mi le s /Yeda ) .  N o n -  
spec i f i c  p r e c i p i t a t i o n  w a s  m e a s u r e d  b y  s u b s t i t u t i n g  g o a t  p r e i m m u n e  IgG o r  s e r u m  f o r  e i t h e r  an t i - I  f r a c t i o n  
o r  an t i - IgM a n t i b o d i e s  in  pa ra l l e l  e x p e r i m e n t s .  A f t e r  w a s h i n g ,  t he  r a d i o a c t i v i t y  in  t h e  i m m u n e  p r e c i p i t a t e s  
was  m e a s u r e d ,  and  spec i f i c  p r e c i p i t a t i o n  w a s  d e t e r m i n e d  b y  s u b t r a c t i o n  o f  n o n s p e c i f i c  b a c k g r o u n d .  

C o n s t i t u e n t  T o t a l  f r o m  
h o m o g e n a t e  
( c p m  X 1 0  - 6 )  

% r e c o v e r e d  a c t i v i t y  in  f r a c t i o n  

N D  P 3 8 %  I S 

T ' G l u t a m y l t r a n s p e p t i d a s e  - -  21 1 7  8 .9  4 6  6.5" 
T o t a l  p r o t e i n - b o u n d  1 2 5 I  1 8 . 2  27  1 6  11  4 0  5.9 
T r i t o n  X - 1 0 0 - e x t r a c t a b l e  1251 1 5 . 5  1 8  1 6  1 5  4 4  6 .6  
Ant i - I  f r a c t i o n - p r e c i p i t a b l e  1 2 5 I  8 . 1 3  16  17  1 5  4 7  4 .6  
A n t i - I g M - p r e c i p i t a b l e  1251 1 .91  11 1 4  1 4  59  1 .7  

the ND fraction migrates with the tracking dye. Triton X-100-solubilized radio- 
activity distributes in the same fashion as ~/-glutamyltranspeptidase, indicating 
that this label is localized in the plasma membrane. 

Antibody prepared by immunization of  a goat with the material from the 
I fraction can be used to selectively precipitate Burkitt cell proteins which are 
exposed on the cell surface (Table V). The material which is recognized by this 
antibody can be seen in Fig. 6, lane D. Most, but not all, of  the 12SI-labeled 
proteins are removed from a Triton X-100 extract of I fraction (compare lanes 
B, C and D) after passage over a Sepharose 4B column to which anti-I fraction 
IgG has been covalently bound. Of the several labeled proteins which are 
specifically bound by the anti-I fraction antibody, one predominates. This 
protein migrates at the position of the heavy chain of IgM (lane E) at an 
apparent Mr of  77 000 and can be specifically precipitated with anti-IgM anti- 
serum (data not shown). From Table V, it can be seen that iodinatable IgM is 
localized in the plasma membrane and comprises at least 12% of the covalently 
bound ~2sI in the Triton X-100 extracts. 

Other major labeled proteins are seen migrating at apparent Mr values of  
42 000, 33 000, 27 000 and less than 12 000 (Fig. 6). The Mr 25 000 band is a 
doublet, probably the Ig light chain and a component of  the HLA-linked 
antigens [50]. The three other major labeled species may be other components 
of  the HLA system [ 50.]. 

Discussion 

The procedure described in Methods for the preparation of  plasma mem- 
brane from Burkitt's lymphoma cells is simple, reproducible and results in a 
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Fig .  6 .  A u t o r a d i o g r a m  o f  i o d i n a t e d  p r o t e i n s  a f t e r  s o d i u m  d o d e c y 1  su l f a t e  p o l y a c r y l a m i d e  gel e l e c t r o -  
p h o r a s i s  o f  B u r k i t t ' s  I y m p h o m a  p l a s m a  m e m b r a n e  p r o t e i n s .  Ma te r i a l  f r o m  the  I f r a c t i o n  o f  t h e  expe r i -  
m e n t  d e s c r i b e d  i n  T a b l e  V is a n a l y z e d  in  l ane  A.  Th i s  I f r a c t i o n  was  e x t r a c t e d  w i t h  T r i t o n  X - 1 0 0  a n d  t h e  
so lub l e  m a t e r i a l  ( l ane  B)  w a s  p a s s e d  ove r  a c o l u m n  o f  S e p h a r o s e  4 B  t o  w h i c h  a n t i - p l a s m a  m e m b r a n e  IgG 
h a s  b e e n  c o v a l e n t l y  b o u n d .  Mate r i a l  w h i c h  was  n o t  b o u n d  t o  the  a f f i n i t y  c o l u m n  w a s  e l u t e d  w i t h  p h o s -  
p h a t e - b u f f e r e d  sa l ine  c o n t a i n i n g  1% T r i t o n  X - 1 0 0  ( lane  C). B o u n d  m a t e r i a l  w a s  e l u t e d  w i t h  t h e  s a m e  
b u f f e r ,  b u t  c o n t a i n i n g  3 M N a S C N  ( lane  D) .  R e c o v e r y  o f  l abe l  f r o m  t h e  c o l u m n  was  80%.  L a n e  E is t h e  
p a t t e r n  o b t a i n e d  w i t h  i o d i n a t e d  [ 4 8 ]  p e n t a m e r i c  IgM ( C a p p e l  L a b o r a t o r i e s )  ( s e p a r a t e  e x p o s u r e ) .  T h e  
m i g r a t i o n  p o s i t i o n s  o f  m o l e c u l a r  w e i g h t  s t a n d a r d s  a re  i n d i c a t e d :  R N A  p o l y m e r a s e  (M r 1 6 5 0 0 0 ;  M r 
3 9 0 0 0 ) ,  e o n e l b u m i n  (M r 7 8 0 0 0 ) ,  s e r u m  a l b u m i n  (M r 6 8 0 0 0 ) ,  IgG ( h e a v y  c h a i n  M r 5 0 0 0 0 ,  l i g h t  c h a i n  
M r 2 5  0 0 0 ) ,  ae f ln  (M r 4 6  000)+ s o y b e a n  t r y p s i n  i n h i b i t o r  (M r 21 S00) .  A n a l y s i s  w a s  o n  a 9% a e r y l a m i d e  
gel u s i n g  t h e  s y s t e m  o f  L a e m m l i  [ 4 9 ] .  

fraction (I) containing about 3% of the cellular protein, 20% of  phospholipid 
and 45% of  the plasma membrane markers. Contamination of  this fraction with 
other cellular components is low. The major contaminating components of  the 
I fraction, lysosomal and microsomal material, can be largely removed, and the 
plasma membrane markers significantly enriched by isopycnic centrifugation in 
a sucrose gradient (Figs. 4 and 5). Plasma membrane markers found at a density 
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of 1.11 g/cm s in such a gradient are enriched 25- to 30-fold in specific activity 
over the values in the homogenate. This enrichment is similar to that found for 
plasma membrane markers in other lymphoid cell plasma membrane prepara- 
tions [1,7--13,44], and indicates relatively pure plasma membrane. The puri- 
fied plasma membrane of the I fraction contains 183 /~g cholesterol/mg pro- 
tein. This is similar to the ratios obtained in other lymphoid cell plasma mem- 
brane preparations which range from 160 to 460 #g/mg [1,8,12,13,44]. The 
value of this ratio depends upon the extent of purification of the membrane. 
The more highly purified membranes obtained from the gradients in Fig. 4 have 
a calculated ratio of 274 pg/mg which is somewhat higher than the value of 
194 pg/mg found in RAJI cells, and is in good agreement with the value (263 
pg/mg) reported for human lymphocytes [12]. 

The phospholipid • protein ratio in the I fraction is intermediate to that 
reported by most other workers [8--11,13,44] who have found ratios varying 
between 330 and 2790 /~g]mg. We find 660 ]~g/mg. Our cholesterol and phos- 
pholipid values were not obtained on the same preparations. However, assum- 
ing that they are representative, they correspond to a molar ratio of choles- 
terol-to-phospholipid of 0.20 in the homogenate and 0.56 in the I fraction. 
These values are lower than the values reported for a homogenate of the P3J 
line of Burkitt's lymphoma cells (0.30) [37] and the values of 0.97 and 0.75 
reported for the purified membrane of RAJI cells [13] and human lympho- 
cytes [12], respectively. Our cholesterol : phospholipid ratio is within the 
range (0.34--1.03) reported by others [8--13,44] for lymphoid cells from 
several species. 

Homogenization results in significant organelle breakage since 50--60% of 
the lysosomal enzyme activities is found in the soluble fraction, and since 35% 
of the cellular DNA fails to sediment in the nuclear fraction. Mitochondrial 
breakage may be the explanation for the succinate dehydrogenase activity 
found in the high-speed pellet and in the soluble fraction. It can be argued that 
homogenization which gives rise to organelle breakage might also detach 
loosely bound enzymes from cellular membranes and might thus be the 
explanation for the soluble activities of phosphodiesterase I, esterase, nucleo- 
side diphosphatase and giucose-6-phosphatase. We have tested this possibility 
by homogenization of cells in hypotonic buffer using a Dounce homogenizer 
and fractionation by a scheme similar to that described in Methods. Both 
homogenization techniques give rise to similar particulate and soluble distribu- 
tion patterns of these enzymes and of NADH diaphorase (data not shown). 
Variation in the homogenization procedure does not significantly affect the 
yield or enrichment of plasma membrane markers in the I fraction. Such varia- 
tion does affect the distribution patterns of other membrane markers. Pro- 
longed homogenization results in increased fragmentation of components with 
a shift in the distribution of some constituents toward the fractions obtained at 
higher centrifugal fields, and gives rise to significant variability in distribution 
from preparation to preparation. 

It was necessary to determine the distributions of a large number of con- 
stituents because of the inconsistencies in the distributions of putative plasma 
membrane and endoplasmic reticulum markers. The results in Tables II and III 
clearly indicate that phosphodiesterase I, esterase and nucleoside diphosphatase 
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are not useful membrane markers in our system. Glucose-6-phosphatase also 
is of limited utility due to significant soluble activity. These results conflict 
with those obtained using another line (RAJI) of Burkitt's lymphoma [13]. In 
that report, 17% of the phosphodiesterase I activity is found in the cytosol 
compared to 60% found here. Similarly, 65% of esterase activity and 14% of 
glucose-6-phosphatase activity are found in the soluble cytosol compared to the 
values of 85% and 27%, respectively, reported here. These differences may be a 
characteristic of different cell lines. 

Approx. 10% of the total cellular 7-glutamyltranspeptidase activity, how- 
ever, appears to be associated with the microsomes (Fig. 3 and Table I; the P 
fraction contains only 20% of the total activity of this enzyme), and approx. 
1% of the total activity may be associated with the lysosomes (Table I, Figs. 
4 and 5). Ouabain-sensitive (Na++ K÷)-ATPase appears better to reflect the 
distribution of plasma membrane (Table I, Fig. 4). We have shown that the 
difficult assay for this enzyme can be bypassed by following the distribution of 
[aH]ouabain, which has been bound to the cells prior to homogenization. This 
technique offers a simple means of determining (Na ÷ + K÷)-ATPase in routine 
analysis. Similarly, the use of metabolically incorporated [all]cholesterol 
allows the rapid determination of the distribution patterns of cholesterol 
(Table I, Fig. 5). 

Radioactivity incorporated into intact cells by lactoperoxidase-catalyzed 
iodination is not a specific marker for the plasma membrane in our system. 
This is due to the presence of extracellular debris from the growth medium 
which cannot be wholly removed by washing. More extensive washing than we 
have employed here compounds the problem of specificity because of increased 
cell death. Labeled debris can be separated from plasma membrane label due to 
its insolubility in 1% Triton X-100 (Table V). Protein-bound 12sI found in the 
Triton X-100 extracts of the labelled cells does represent label specifically 
incorporated into membrane proteins (Table V). The lack of lactoperoxidase 
probe specificity seen here points out the necessity of demonstrating plasma 
membrane localization of iodine label when lactoperoxidase~atalyzed iodina- 
tion is used with a new cell system. 

Finally, we have prepared antibody against purified Burkitt cell plasma mem- 
brane. This antibody is cytotoxic, in the presence of complement, toward 
Burkitt's lymphoma cells and another lymphoid cell line, NC-37, but not 
toward non-lymphoid human cell lines (data not shown). This antibody 
specifically binds to several of the iodinatable cell surface proteins of Burkitt 
cells (Fig. 6) and is presently being used to identify and purify Burkitt's 
lymphoma-specific cell surface proteins. 
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