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SUMMARY 

i. A procedure -aas developed for the isolation and fractionation of human 
lymphocytes from tonsils. Nine subcellular fractior~s were obtained and partial char- 
acterization of each was performed by the determ:nation of enzymic activities and 
the nucleic acid, cholesterol and phospholipid cont,mts, as well as by electrophoresis 
and immunodiffusion studies. 

2. Two plasma membrane fractions of different densities were isoLtted and 
termed "light" and "heavy" plasma membranes. The former was derived primarily 
from the crude mitochondrial fraction and was assumed to be composed of larger 
membrane vesicles. The specific activity of the 5'-nucleotidase showed a I4-fold and 
I3-fold increase in the two plasma membrane fractions, respectively, as compared 
with the homogenate. Furthermore, these fractions were distinguished by very 
high cholesterol:protein ratios (0.263 and o.2IO)and phospholipid:protein ratios 
(o.7o6 and o.6o8). Lactate dehydrogenase activity decreased I7o-fold and 5oo-fold, 
respectively, in comparison with cytosol. 

3. Human serum albumin was found in all cell fractions except ribosomes. 
It is assumed to be incorporated into lymphocytes by phagocytosis. Whole immuno- 
globulin molecules were present in the plasma membranes as well as in the other 
subcellular fractions. A minor protein fraction of molecular weight of about 45ooo 
was found primarily in the plasma membranes and might be plasma membrane 
specific. 

I NTRODUCTION 

Lymphocytes arouse increasing interest because of their key role in immuno- 
logical reactions: the ~,biiity of the thymic-dependent lymphocytes to cause delayed 
h:yTersensitivity reactions, especially graft rejections and the ability of the thymic- 
independent lymphocytes to produce antibodies (for review see ref. I). Furthermore, 
lymphocytes play a role in some human diseases, such as neoplastic disorders (lym- 
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phocytic leukaemia, myeloma, lyrnphoma), agammaglobulinaemia and autoimmune 
disorders, including possibly multiple sclerosis. 

Considering the important role of the plasma membrane in these and many 
other interesting processes as recently reviewed 2, it is now thought  desirable to work 
with purified plasma membranes for detailed investigations of surface structures, 
especially antigen receptors. Until  the present time, however, a method for the 
subcellular fractionation of human lymphocytes was not available. Recently, the 
isolation of plasma membranes of pig lymphocytes from lymph nodes s and fractiona- 
t ion of some of the components 4 b, as been reported. Since i t  is difficult to procure a 
sufficient amount of human lymphocytes for a large-scale preparation, we used 
freshly removed tonsils for the isolation of lymphocytes. During the progress of our 
work it became apparent tha t  there are significant differences between the sedimenta- 
t ion behaviour of the subcellular organelles of these two species (pig and human 
lymphocytes). We therefore developed a new method, which should also be applicable 
to human blood lymphocytes isolated by one of the known procedures 5. 

MATERIALS AND METHODS 

Isolation and subceUular fractionation of human lymphocytes 
Freslfiy removed tonsils in a non-inflammatory state were placed immediately 

into a Dewar flask containing a IO mM Tris-HC1--o.I5 M NaC1 buffer (pH 7.4) at 4 °C. 
All further processes were carried out at 0-  4 °C. After having obtained six tonsils, 
they were freed from adherent connective tissue and blood vessels so tha t  they 
appeared as greyish organs of a rigid consistency. They were then washed, weighed 
and minced with scalpels and razor blades in the above saline buffer, then filtered 
through a double layer of finest silk cloth (50/,m pore size) resting on a plastic sieve. 
The filtration was gently forced by stirring and pressure with a pestle. After this the 
filtrate was dilated with the above saline buffer in the proportion filtrate :buffer of 
1:20 (w/v). Breakage of the cells was performed by means of a Potter-Elvehjem 
homogenizer (o.I mm clearance) at about iooo rev./min for 3 × I min. All stages 
of the procedure were examined in the light microscope after staining of the cell 
smears by the method of Pappenheim ~z. 

The procedure of subcellular fractionation of the homogenate is summarized in 
Fig. ~. Nuclei, crude mitochondria and microsomes were sedimented with the SS-34 
rotor of the Sorvall centrifuge. The pellets of crude ribosomes were obtained by u.sing 
the rotor 60 Ti of the preparative ultracentrifuge 1,2-65B of Beckman Instruments.  

The pellets of crude mitochondria, microsomes and crude ribosomes were 
then each suspended in IO ml of IO mM Tris-HCt buffer (pH 7.4) with 55 % sucrose 
(v/w). In addition, the solution for the ribosomes contained 5 mM disodium EDTA. 
Careful resuspension of the pellets by means of the Potter-Elvehjem homogenizer 
was of the utmost importance because of the danger of clumping of the cell particles. 
The suspensions were put into three cellulose nitrate tube~ (60 ml capacity) of t ae 
SW 25.z ro t - r  of tl, ~ Beckman centrifuge. Each suspension was over!a3. ~ ::dth a 
discontinuous density gradient of IO ml of 41% sucrose (w/v), 15 ml of 33 % sucrose 
(w/v), i 5 ml of 24 % sucrose (w/v) and IO ml of 15 % sucrose (w/v). All sucrose solu- 
tions were prepared with IO mM Tris-HC1 buffer (pH 7-4)- After centrifugation at 
75 ooo × gay for 22 h, the interfacial bands were carefully removed with a syringe 
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Fig. I. Diagram of subcellvlar fractionation of lymphocytes.  Terminology of organelles is based 
on the subsequent chemical characterization of the f,, actions. Fur the r  details are giwm in the tex t .  
Abbreviat ions:  P~.~, pla,;m;t membrane;  ER,  endoplasmic ret iculum; %, percentage of sucxose 
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equipped with a V,A-needle bent to a right angle. Then the fractions wee  dilated 
3-fold with IO mM Trts--HC1 buffer (pH 7-4) and spun down in the 60 Ti rotor at 
25oooo × gay for 30 min, with the exception of the ribosomes already sedimcnted. 
The sediments were resuspendcd in o.2 nl.~ Tris-HC1 buffer (pH 7.4) containing 
0.25 M sucrose and stored at - 20  °C. 

Preparation of human erythrocyte membranes 
Human erythrocyte membranes were prepared as previously described s but 

with the use of Tris-HCl buffer instead of phosphate buffer and by washing the 
membrane pellet only 3 times instead of IO times. 
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Analytical methods 
Protein was determined by a modification of the method of MillerL NaOH was 

omit ted from the original solutions and the proteins were hydrolysed for I h a': IOO °C 
with the corresponding amount of NaOH before the determination. Bovip.e serum 
albumin was used as a standard. The RNA content of fractions was p-aeasured as 
described by Munro and Fleck s using yeast RNA (Serva, Heidelberg} as standard. 
DNA was determined by the method of Ceriotti e using calf thymus DNA (Serva, 
Heidelberg) as a standard. The lipid phosphorus content of the membranes was assayed 
by the method of Norton and Autilio ~° after lipid extraction for 24 h at  room tem- 
perature with chloroform-methanol-water (16:8:1, v/v/v) as described by Hess and 
Thalheimer n. Cholesterol was determined by the Liebermann-]3urchard reaction 
using the procedure of Stadtman ~2. Cholesterol from Merck (Darmstadt} was used as 
a standard. 

Assay of enzymic activities 
The activity of the 5'-nucleotidase (EC 3.1.3.5) was measured as described 

by Michell and Hawthorne 13. Glucose-6-phosphatase (EC 3.1.3.9) was assayed by the 
method of Swanson ~4 modified by the use of acetate buffer instead of citrate buffer. 
This was done because of chelation of molybdate by citrate t5 during the Fiske- 
SubbaRow procedure xs for the determination of enzymically released phosphate, the 
procedure which was used throughout. Two acid phosphatases (EC 3.I.3.2) were 
determined: p-nitrophenylphosphatase, as described by Linhardt and Walter ~7 and 
fl-glycerophosphatase by the method of Gianetto and de Duve is. Succinate dehydro- 
genase (EC 1.3.99.1) act ivi ty was measured by the procedure of Adams et al. 19 and 
lactate dehydrogenase (EC 1.1.1.27) as described by ]~ergmeyer et al. :° with addition 
of o.I o, Triton X-Ioo to the buffer. / O  

Poi3,acrylamide slab gel electrophoresis 
For the preparation of polyacrylamide gels the following standard solutions 

were used: A, 50 mM sodium phosphate buffer (pH 7.0) with 1% sodium dodecyl- 
sulphate; B, 0. 4 ml N,N,N',N'-tetramethylethylenediamine filled up to a volume of 
IOO ml with Solution A; C, 20 g acrylamide and 0.52 g N,N'-methylenebisacrylamide 
filled up to a volume of IOO ...! witl, Solution A; D, 0.3 g ammonium persulphate 
filled up to IOO ml with Solution A. The polyacrylamide slab gel electrophoresis 
apparatus of Desaga (Heidelberg) was used. The IO % separation gel consisted of 
4 ml of Solution ]3, 20 ml of Solution C and 16 ml of Solution D. This was overlayed 
with a 5 % spacer gel of the following composition: 3 ml of Solution A, 2 ml of Solution 
B, 4 ml of Solution C and 7 ml of Solution D. Fractions with a protein content of 
about 50/zg dissolved in 15/,1 5o mM sodium phosphate buffer (pH 7.0) with 5 % 
sodium dodecylsulphate and I mM disodium EDTA but without 2-mercaptoethanol 
were filled into the pockets of the spacer gel. The density of the solutions was increased 
by tile addition of sucrose. For molecular weight estimations, according to the 
procedure of Shapiro et al31, pr~ i zins from the collection MS-I of Serva (Heidelberg) 
were used in amounts of 5/*g- Electrophoresis was carried out under the following 
conditions: 9o-mA current fol 3 h, using Solution A as the electrode buffer. Gels were 
stained with a solution of o 25 % Coomassie Blue G-25o (Serva, Heidelberg) in water-  
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methanol-acetic acid (9:9:2, v/v/v) and destained in water-methanol-acetic  acid 
(35: 2:3, v/v/v). 

Immunodiffusion of membrane proteins 
ImmunodifIusions in ~. % agarose gels were performed as described~ but with 

~. % Triton X-Ioo in the Tris-HC1 buffer and without urea. These gels were stained 
with a solution of o..o6 % Coomassie Blue G-z5o in water-methanol-acetic acid 
(7 ° :  9: z, v]v/v) and destained in water-methanol-acetic acid (35: z: 3, v/v/v). Anti- 
sera against human 7-globulin and human serum albumin were from Behringwerke 
AG (Marburg). 

RESULTS 

From six tonsils of a wet weight of about zo g, approximately 8 g cells were 
obtained, correspc.nding to a minced residue of IZ g. Cell smears (Fig. 2) indicate the 

D 

Fig. 2. Cell smear  of the  filtrate of minced tonsils. Staining b y  the method of Pappenhe im 5a. 
90 o,o of the cells consist  .gf large and small lymphocvtes, and io  o~.,o of erythrocytes ,  monocytes  
and  p lasma cells. × ioo. 

presence of about 9 o%  13maphocytes , consisting of a mixture of large and small 
lymphocytes. The remaining Io % consist o~ erythrocytes, monocytes and plasma 
cells. Granulocytes are very rare. Reticulurn cells, fibroc,'tes and epithelial cells were 
found exclusively in the residue. Most of the contaminating erythrocytes appeared 
in the nuclear pellet because they had not been disrupted by the homogenization 
procedure employed. 

Various centrifugation processes were tested to find a satisfactory subcellular 
fractionation method. The use of sucrose and I mM CaClz during differential centri- 
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fugation was found to be of no advantage. During the subsequent density-gradiea~t 
centrifugation, the addition of Ca z+ was unsuitable because of strong association 
between the plasma membranes and endoplasmic reticuium. However, addition of 
EDTA failed to give better results since fragments of released endoplasmic reticulum 
contaminated the plasma membranes. On the other hand, the addition of 5 mM 
disodium EDTA was shown to be of great advantage in increasing the yield of a high 
percentage of free ribosomes, as indicated by their RNA content (RNA: protein ratio, 
o.36) listed in Table I. 

Tables I and II  document the results of the subcel!ular fractionation procedure. 
22 % of the total protein weight and 7 ° % of the total DNA weight sedimented within 
the nuclear fraction. This fraction exhibited a DNA:protein ratio of o. 4 and a DNA: 
RNA ratio of 6.25. Some difficulties were encountered in the separation of mitochon- 
dria and lysosomes from the plasma membranes. As can be seen in Table II  the crude 
mitochondrial fraction contained a relatively high specific activity of 5'-nucleotidase 
which is assumed to represent a marker for plasma membranes. Therefore this fraction 
was subjected to further subfractionation. 

Equilibrium density centrifugation of the crude mitochondrial fraction yielded 
three subfractions. Some nuclei found in the pellet were discarded A wide zone 
between the 55 % and 33 % sucrose layers with a 5.6-fold increase of the specific 
activity of succinate dehydrogenase in comparison with the homogenate appeared 
to represent purified mitochondria. A high specific activity of acid p-nitrophenyl- 
phosphatase between the 33 % and 24% sucrose layers and a higher content of 
cholesterol and pLospholipid as compared with the mitochondria .,'ndicated the 
presence of lysosomes. However, a further laarker for lysosomes, acid/~-glycero- 
phosphatase, exhibited a somewhat higher activity within the mitochondrial fraction, 
indicating a hetero!;eneity of the lysosomes. The third subfraction between the 24 % 
and 15 % sucrose lz~yers showed a I4-fold increase in the specific activity of 5'-nucleo- 
tidase, and both a ~.'ery high cholesterol content (263/~g/mg protein) and phospholipid 
content (7o6/,g/mg protein) with a cholesterol:phospholipid molar ratio ~f o.75. 
This subfraction was termed the "light" plasma membrane fraction. It exhibited 
some contamination by endoplasmic reticulum, mitochondria, lysosomes and ~.ytesol, 
as indicated by the enzyme activities of ghicose-6-phosphatase, succinate dehydro- 
genase, acid phosphatases and lactate dehydrogenase. It  was interesting to observe 
that the amount of this fraction changed in relation to the homogenization condi- 
tions: reducti¢m of the number of revolutions per minute in the Potter-Elvehjem 
homogenizer resulted in an increase in the yield. 

The microsomal fraction, which was obtained by middle-spe,'d differer~tial 
centrifugation (leaving most of the ribosomes i ,  the supernatant) was also subjected 
to equilibrium density centrifugation. Some ribosomes which formed a pellet were 
discarded. The microsomal fraction contained only a small amount of the "light" 
plasma membrane, subfraction between the 24 °o and I5 % sucrose layers. The traces 
obtained here wei'e combined with the fraction described~ above. A high specific 
activity of 5'-nucleotidase (I3-fold increase in comparison witt, the homogenate) 
appeared also between the 33 % and 24 % sucrose layers. Moreover, this zone was 
also characterized by a high content of both cholesterol (2IC /,g/mg protein} and 
phospholipid (608 ktg/mg protein) with a cholesterol:phospholipid molar ratio of 
0.69 . This zone was therefore termed the "heavy" plasma membrane fraction. It 
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exhibited a marked contamination by lysosomes, as indicated by the figures in Table 
II. Contamination by other organelles was very slight. The activity of the lactate 
dehydrogenase was reduced 5oo-fold in comparison with the supernatant indicating 
the presence of only negligible amounts of cytosol. Addition of o.I % Triton X-Ioo to 
the reaction buffer ensured that  there was no latent enzyme act ivi ty  in formed mem- 
brane vesicles. 

Two endoplasmic reticulum fractions were also obtained from the microsomes. 
The relatively low specific activity of the glucose-6-phosphatase found throughoul is 
due to the instability of this enzyme at 4 °C (ref. I4). Therefore only the residual 
activities could be measured. A so-called "smooth" endoplasmic reticulum fraction 
between the 33 % and 41 ?~, sucrose layers exhibited a higher glucose-6-phosphatase 
act ivi ty but a lower RNA content (7 ° /,g/mg protein). The "rough" endoplasmic 
reticulum fraction between the 41 °,o and 55 o, • o sucrose layers was characterized i: ~ a 
lower glucose-6-phosphatase activity and by a higher RNA content (159 /,g/, tg 
protein). Both membrane flactions had a low content of cholesterol and phospholipits 
as compared with the plasma membrane fractions. Lactate dehydrogenase shows a 
very slight increase in its activity in the endoplasmic reticulum fractions. This is 
an indication of a slight contamination by free proteins rather than by adsorbed or 
enclosed proteins because the density of most proteins is of the same order as tha t  
of the endoplasmic reticulum membranes. Therefore the subcellular fractions of 
higher and lower density exhibited a lower specific activity of lactate dehydrogenase. 

Fig. 3 shows the results of electrophoresis of the various subcellular fractions 
of lymphocytes and of y-globulin and serum albumin markers in a io o~ polyacryla- 
mide gel. Molecular weights of the separated proteins were est imated bv comparative 
electrophoresis of eight standard proteins carried out under the same conditions in 
another gel, resulting in a calibration line. An impressive feature of the electrophoretic 
picture is the appearance of three zones of different histones ~3 in the molecular weight 
range of 1300o-17000 in the nuclear fraction (No.I). Compared to this, the very faint 
zone of cytochrome c (11101. wt 124oo ) in the mitochondrial fraction (No. 2 is barely 
visible. 

The two plasma membrane fractions (Nos 4 and 5) exhibit complex patterns 
of about 30 bands each. A faint zone in the molecular weight range of 2zooo appears 
only in these two fractions and in the smooth endoplasmic reticulum (No. 6). However, 
if more protein material is used for the electrophoresis, this zone appears in all 
fractions. In contrast to th, , ,  a ve~, faint zone in the molecular weight range of 
45000 is visible only in the plasma membrane fractions and to a slighter degree 
within the smooth endoplasmic re: 'cular and the lysosomal fractions (Nos 6 and 3). 
This zone can only be seen in these fractions, even if the electrophoretic conditions 
are altered. The occurrence of this zone to a weaker extent in the fractions Nos 6 
and 3 could be explained by contamination with plasma membranes, as indicated by 
the enzymic determinations A zone of molecular weight of 150000 is also of special 
interest and might point to the presence of ~,-globulin ~4. It is present not only in the 
plasma membranes, but in all subcellular fractions, as can easily be seen by comparison 
with the ~,-globulin marker (No. IO). 

Ribosomal pY~,teins ~5 are to be seen in the "rough" endoplasmic reticular 
fraction according to its content of bound ribosomes. This reveals a striking difference 
between the "rough" endoplasmic reticular (No. 7) and ribosomal (No. 8) fractions on 
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Fig. 3 l£1ectrophoretogram of subcellular fractions of human  lymphocyte.~ (5 ° t~g protein cor~tent) 
and marker  proteins (5 ttg 7-Rl,,bulin, i o / t g  albumin) in lO",, polyacr~lami,le sial) gel and 5",, 
spacer gel with 5 ° m.M sodium phosphate  buffer (pH 7.0) containing 1 ",, ~(,(lium ,lo, lecvlsul.~hate 
as solvent. Molecular wei~4ht specifications were made pt,ssil,le by electroph,,re.,is (~f e ight  cali- 
brat ing pro,.eins under  the same conditions. Numbers :  I, nuclei" ,_, mitochondria" 3, I.vsos,)mes; 
4, light p lasma memi)ranes;  5. heavv  plasma membranes ;  ~,, smooth endoplasmic ret iculum; 
7, rough eudoplasmic ret iculum; 8, ril)osomes; 9, cvtosol; ]o. humat, y-ulobulin; I I. human 
serum J l )u  ~TliI1. 

tile ~ne h~t~d, and  all other  fractions in tile molecular  weight  range of i4ooo-35oo0  
o]L the other.  Fur thermore ,  the " rough"  endoplasmi¢ re t iculum i: character ized by 
a wide zone of very high m~lecular weigl~t i .  ttle spacer gel, wherea,~ tile r ibosome: 
e:dlibit a large band  of molecular  weight  of about I7oooo near  the s tar t  ~f the separa- 
t ion gel. The a lbumin  marker  (No. i r )  indicates the ~,ccurrence ~,f a protein zone of 
molecular  weight  of 67ooo in all cell fractions, but  this zone i~ l~arelv visible in the 
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ribosomal fraction. The high content of albumin in the cytosol (No. 9), however, is 
partially due to contamination by serum proteins. 

In order to verify some of the electrophoretic results, immunodiffusions of 
subcellular fractions were carr;.ed out. As indicated in the electrophoretic picture, 
ribosomes gave a good precipitation with anti-7-globulin serum (Fig. 4), but no 
precipitation line with anti-albumin serum (Fig. 5)- On the other hand, dissolved 

G .... , o 

• • -J" ¢ 

:2.!, 

Fig. 4- lmmunodiffusion in o. I M Tris-HCl buffer  (pH 7-4) containing 2 % Tri ton X-xoo. Number s  : 
z, heavy  plasma membranes  of human lymphocy tes  ( i 2o / , g  protein content) ;  2, human  ery thro-  
cy te  p lasma membranes  ( i2o/ng protein content) ;  3, r ibosomes of h u m a n  lymphoeytes  (I2o Hg 
protein  content);  4, cytosol  of human  lymphocy tes  (3o/tg protein content}; centre well: ant i -  
h u m a n  immunoglobulin serum G from rabbi t .  Only the e ry th roey te  membranes  do not  form a 
precipi ta t ion line. 

Fig. 5- Immunodiffusion under  the con6itions and with the cell fract ions described in the  legend 
to Fig. 4- Centre well: an t i -human  seru ~ a lbumin  from the rabbi t .  E ry th rocy te  membranes  and 
r ibosomes from lymphocytes  do not for' , precipi tat ion lines. 

plasma membrane samples precipitated well with both antisera. In order to be certain 
that these results were not caused by protein contamination of the membranes, 
further control tests were performed. Experiments with human erythrocyte membra- 
nes did not result in precipitation lines. Ribosomes and plasma membranes of 
lymphocytes in a Tris-H('l buffer without Triton X-Ioo exhibited barely visible 
precipitation lines, indicating a stronger interaction between the organetles and the 
examined proteins. The cytosol, on the other hand, did nc, t show this dependence on 
solubilization conditions but always gave strong precipitat:ion lines. 

DISCUSSION 

One of the major problems during our work was obtaining a sufficiently pure 
lymphocyte population. Pure populations can be isolated using various procedures 
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such as separation on glass bead columns ~, sedimentation in density gradients with 
the addition of dextran s, equilibrium density centrifugation on gradients of albumin z~ 
or ficoll 2a, or separation by free flow electrophoresis m. For preparative purposes our 
filtration procedure seemed to be of particular advantage. A purity of 9 ° % can be 
obtained by using a double layer oi silk cloth of 5o/~m pore size, the finest cloth 
commercially available at the present time. Using the previous described method 
by Allan and Crumpton 3 for pig lymphocytes from lymph nodes, we have found 
cqnsiderable contamination b,, ro÷irulum cells and fibrocytes from the tonsils when 
performing the homogenization procedure with a mincer and subsequent filtration 
through one layer of muslin cloth. 

A striking difference between the sedimentation behaviour of subcellular 
organelles from pig and human lymphocytes was observed. For the differential 
centrifugation of cell organelles we found it necessary to use a 2-4-fold stronger 
centrifugal force than the conditions described by Allan and Crumpton a. These 
authors obtained the plasma membranes of pig lymphocytes between two layers of 
3o % and 40 % sucrose. Under the same conditions, we found in this range the smoc,th 
endop!asmic reticular fraction not isolated by these authors. In this connection it 
appears interesting that Barber and Jamieson a° isolated two plasma membrane 
fractions from human blood platelet:, with densities of 1.o 9 and 1.12 under isopycaic 
conditions. This is equal to su :rose concentrations of about 22 % and 28.5 % (ref. 31) 
and corresponds to the range where we found plasma membranes of human lympho- 
cytes. In contrast to this, Evans ;'2 isolated two plasma membrane subfractions from 
mouse and rat livers with densities of 1.12 and 1.18, respectively, equal to about 
28.5 °o and 40.5 % sucrose and corresponding to the ~-~nge where plasma membraues 
from pig lymphocytes were obtained. 

The specific activity of 5'-nucleotidase, which is a recognized marker of the 
plasma membrane, was increased !4-fold and !3-fold, respectively, over the homogen- 
ate in our so-called "light" and "heavy" plasma membrane fractions This increase 
of 5'-nucleotidase activity is of the same order as found for plasma membranes of 
pig lymphocytes a and rat liver cells as-a'~. Furthermore, the two plasma membrane 
fractions possessed very high cholesterol" plotein ratios (0.263 and 0.2 IO, respectively) 
and phospholipid:protein ratios (0.)06 and 0.608, respectively) as compared with 
the endoplasmic reticular fractions. Allan and Crumpton a found a similar chol- 
esterol'protein ratio (o.217) but a much lower pho.~pholipid:protein ratio (0.438) 
in the plasma membranes of pig lymphocytes. For this reason their cholester~ I" 
phospholipid molar ratio was very high (I.OI). We calculated cholesterol" phospholipid 
molar ratios of o.75 and o.69 for the two plasma membrane fractions of human 
lymphocytes, respectively. A ratio of the same order was found for plasma membranes 
of guinea pig liver ~, whereas the ratios reported for plasma membranes of rat liver 
varied between 0.26 (ref. 37) and o.8 (ref. 38). 

Our "light" plasma membrane fraction between 15 0o and 24 % sucrose sedi- 
mented more quickly during differential centrifugation than the "heavy" plasma 
membrane fraction, thereby contam-nating the ~rude mitochondrial fraction. Further- 
more, the "light" plasma membrane fraction exhibited slightly more contamination 
by endoplasmic reticulum, mitochondria and cytosol than the "heavy" fraction. 
Finally, the yield of the "light" fra,'ti-n was re,-luced under stronger homogenization 
conditions. These observations indicate that the "light" fraction consists of larger 
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vesicles with a density closer to that of whole cells. In accordance with this view, 
Barber and Jamieson a° found larger vesicles in the "light" subfraction of human 
blood platelet membranes than in the "heavy" subfraction. In contrast to the "light" 
fraction, the "heavy" plasma membrane fraction was contaminated to a higher 
degree by lysosomes, a problem which we were unable to overcome. During differen- 
tial sedimentation lysosomes sedimented only slightly faster and during isopycnic 
centrifugation most of them exhibited the same density as "heavy" plasma membrane 
vesicles. The different behaviour of the two acid phosphatases studied was inter- 
esting, indicating that lysosomes are not enzymically homogeneous aa. When one 
considers that cytoplasmic and nuclear acid phosphatases ~a could also be present, 
the situation becomes more difficult to interpret. An increase in acid phosphatase 
activity of the same order compared to the homogenate was found in plasma mem- 
branes of rat liver4L A mitochondrial contamination of the same order as we found 
in our plasma membrane preparations has been described before aa-35, 42. 

The presence of serum albumin in all cell fractions (with the exception of 
ribosomes), as indicated by immunodiffusion, may be an interesting feature. Signifi- 
cant contamination of the rrembrane fractions by the supernatant can be ruled out 
by considering the 5oo-fold reduction of lactate dehydrogenase activity in the "heavy" 
plasma membrane fraction in comparison with the activity of the cytosol. The lack 
of albumin in human erythrocyte membranes, which were washed only 3 times after 
haemolysis, is a further assurance that plasma membranes did not adsorb supernatant 
proteins. Recently, R. S. Smith et al. 4a also found serum albumin in washed human 
lymphocytes and carried out a quantitative determination by a radioimmunochemical 
technique. J. L. Smith et al. 44, on the other hand, detected synthesis of various 
proteins but not of albumin in human lvmphocytes. Considering all of these results, 
the assumption that albumin in the lymphocytes derives from phagocytosis would 
be strongly supported. Both phagocytosis and antibody production in the same 
lymphocytes has recently been described 45. 

The presence of y-globulin was indicated in all subcellular fractions by D, lya- 
crylamide gel electrophoresis and demonstrated in the plasma membrane and ribo- 
somal fractions by immunodiffusion. It has been known for a long time 4~ that syn- 
thesis of y-globulin is carried out in human lymphocytes; however, it has been only 
in the last few years that immunoglobulin determinants have been recognized as part 
of the plasma membranes of lymphocytes. It was assumed that primarily light chains 
were present in human lymphocytic surface structures. Staining by immunofluores- 
cence of surface heavy chains remained at an insignificant level over the background, 
¢:bereas light chains stained ~ ell4L The authors attempted to explain this in terms of 
synthesis of light c~.ains in excess over heavy chains or of inaccessibility of the heavy 
chain determinants for staining. Bert el al. ~ found that the addition of anti-light- 
chain sera reduced the electrophoretic mobility of human lymphocytes whereas the 
addition of individual antisera to ~,, ~ or/z heavy chains failed to modify the electro- 
phoretic mobility. A significant reduction in mobility was obtained when the cells 
were treated with a mixture of the three anti-heavy-chain sera. The authors concluded 
that individual lymphocytes may carry all heavy chain specificities on their surface 
and that treatment with only one monospecific antiserum causes insufficient change 
in surface charge. Greaves 49 demonstrated, by the "rosette" formation test, the 
existence of both/ t  and y heavy chains on the surface of mouse lymphocytes a few 
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days after immunization. Recently, Baur eta/. 5° isolated heavy and light chains after 
reduction, and alkylation of radioactively labelled surface immunoglobulins from 
human lymphoma cells and mouse myeloma and spleen cells. Our results now indicate 
that the plasma membranes of normal human lymphocytes also contain whole im- 
munoglobulin molecules. The possible existence of free heavy and light chains cannot 
be proved in the complex protein pattern of our electrophoresis. Subfractionation of 
the membranes combined with immunological examination will show whether free 
imrnunoglobulin chains occur or not. 

Further attention will be given to the faint protein zone of molecular weight 
of about 45 ooo which might be plasma membrane specific. As shown with erythrocyte 
plasma membranes, most monomeric membrane proteins are to be found in this 
range of molecular weight s . Examination of plasma membrane proteins will be carried 
out with special attention to immunological functions. It is as yet unknown whether 
lymphocytic receptors represent whole immunoglobulin molecules, free immuno- 
globulin chains or possibly other, still undetected molecules. One interesting approach 
for the isolation of antigen receptors is the use of an affinity label 5~. Furthermore, 
investigations will include differences between thymic-dependent and independent 
lymphoc~es, as suggested by the difference in 0-isoantigen described by Ra 62 for 
mouse lymphocytes. 
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