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SUMMARY 

Thymlc and splemc lymphocyte plasma membranes were isolated from inbred 
ACI and F344 rats. Chemical and enzymic analyses indicated a h~ghly purified plasma 
membrane preparation with a hzgh cholesterol to phosphohpld ratio and over 12-fold 
ennchment of  the membrane enzyme 5'-nucleotldase. Polyacrylamlde-gel electro- 
phoresls of externally radlo~odmated membranes showed a major 117 000 dalton gly- 
coprotem m both thymzc and splemc lymphocytes. Thymocytes differ from splemc 
lymphocytes by hawng an umque external glycoprotem of 27 000 daltons and by the 
relatwe lack of  membrane components above 200 000 daltons 

INTRODUCTION 

Genetic studies m inbred rats have shown that the antibody response to the 
synthetic polypeptide antigen poly(Glu52Lys33Tyr ~s) is under polygemc control [1 ]. 
The interaction of  the ant~gert with a specific receptor on the plasma membrane of  the 
~mmunocompetent cell probably initiates the response [2], and ttus receptor is hkely 
to be an lmmunoglobuhn or mununoglobuhn-hke molecule [3]. In addition to our 
studies on the mechamsm of  action of  antigen, we are pursuing a detaded serological 
and chermcal mvestlgatmn of the genetically controlled d~fferences among lymphocyte 
plasma membranes. As the mltml step m approaching both of these problems, we 
have purified and analyzed thyrmc and splemc lymphocyte plasma membranes from 
normal high responder (ACI) and low responder (F344) stratus of inbred rats 

MATERIALS AND METHODS 

The spleens and thymuses of  15-20 female rats (8-10 weeks old) were removed 
and minced m 15-20 ml of 10 mM Tns buffer (pH 7.4)-0 15 M saline at 4 °C. The cell 
suspensions were overlaid on 1 "2 solution of 39 ~ (v/v) Hypaque and 9 ~ (w/v) 
Flcoll (p = 1.16 g/cm a) and centrifuged at 1000×gav mm [4]. The interface con- 
slstmg of  over 95 ~ lymphocytes was aspirated, washed once and suspended m 
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5-10 ml of 10 mM Tits- 0 15 M sahne The cell suspertslon was diluted with 4 vol of 
10raM Tnsbuffer  ( p H 7  4) and kept at 0 C for 5ram Sufficient Tns-bufl'ered I 5M 
NaCI was added to restore the molanty to 0 15 M, and the cell suspensmn was homog- 
enized m a Potter-Elvejhem homogenizer The process was momtored by the trypan 
blue dye exclusion test, and homogenization was continued until more than 85 "~ of the 
cells were disrupted The homogenate was centrifuged first at 3000 ~.,q.,v rain to 
remove nuclei The supernatant was centrifuged at 250 000 g.,, mm to remove 
mltochondrla and then at 600 000 • g~ mm to pellet the nncrosomal fraction This 
pellet was suspended in 20 ml of  10 mM Tns -H CI  buffer (pH 7 4), overlaid with a 
discontinuous 20-50 o; (w[v) sucrose gradient and thencentrlfuged at 75 000 000 ~ q.,, 
m m  at 4 cC to isolate the mlcrosomal ~¥actlon The varlou.~ subcellular fractions were 
identified by electron microscopy 

The total protein was determined by the method of Lowry et a[ [5] RNA 
and DNA were extracted by the procedure of  Munro and Fleck [6] RNA concen- 
tration was estimated spectrophotomemcally by assuming an absorbance of I 00 
at 260 nm for 32 pg/ml RNA, and DNA was determined by the dlphenylamme meth- 
od [7] using calf thymus D N A  as the standard Carbohydrate was estimated by the 
anthrone reaction [8] Lipid was extracted by the method of Folch eta[ .  [9], and the 
total lipid was determined gravlmetrlcally as well as colorlmetrlcally [10] Cholesterol 
was determined by the method of Bowman and Wolf [1l] Lipid phosphorus was 
determined by the method of Ames [12], and the phosphohpld content was estimated 
assuming 25/~g phosphohpld per l~g phosphorus The 5'-nucleotldase (EC 3 1 3 5) 
was assayed by the method of Michell and Hawthorne [13] Glucose 6-phosphatase 
(EC 3 I 3 9) and acid phosphatase (EC 3 I 3 2) activities were estimated by the K F -  
EDTA mhlbltmn method suggested by Hubscher and West [14] The inorganic 
phosphorus released m these enzyme reactions was deternnned by the method of 
Ames [12] Succmlc dehydrogenase (EC 1 3.99 1) and N A D H  dehydrogenase (EC 
I 6 99 3) were assayed by the method of  Earl and Kornel [15], and Wallach and 
Kamat  [16]. respectively 

The isolated plasma membranes were solublhzed with 2 'J.,, sodium dodecyl- 
sulphate at 100 °C for 5 mm using 10 mg/mg protein Complete solublhzatmn was 
indicated by the absence of any precipitate after cenmfugat lon at 6 000 000 / .q~  mm 
The membrane proteins were separated by electrophoresls ul 7 5 o//o polyacrylamlde 
gels ( 5 0 m m × 6  rim1) containing 0 5 ~ sodium dodecylsulphate, and the gels were 
calibrated with 10 proteins of known molecular weight in the range of 300 000-10 000 
Experiments using radlolodmated membranes showed that less than 3 ",, of the mem- 
brane proteins faded to enter the separating gel The gels were fixed in 10 ~, acetic 
acid and stained with Coomassle Brilliant Blue for protein or with the periodic ac~d- 
Schlff reagent for carbohydrate Analyses for hplds were done either by prestamlng 
solublhzed membrane with Sudan black or by staining polyacrylamlde gels with 
Sudan black after fixation and dehydration through a graded series of  ethyleneglycol 
(10-50 ~ )  concentrations 

Since the anngen-~mmunocompetent cell interaction involves external membrane 
components, experiments were carried out to identify these components in thymlc 
and splemc lymphocytes A purified suspension of 1 107 viable lymphocytes vvas 
surface-labeled with radmlodme by the lactoperoxldase method [17] In these ex- 
periments, over 97 ",, of  the lodmated proteins were recovered m the membrane frac- 
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tion After labeling the intact cells, the membranes were isolated, solublhzed in sodium 
dodecylsulphate and analyzed on 7 5 ~  polyacrylamlde gels ( 1 0 0 m m × 6 m m )  
containing 0.5 ~ sodium dodecylsulphate. The gels were sliced into 64 fractions, each 
of which was approx. 1.5-mm thick, and assayed for radioactivity. 

In order to identify membrane-bound lmmunoglobuhns, we iodinated thymlc 
and splenic lymphocytes (1 • 10 s cells), solublhzed them in 1 ~o Triton X-100 and In- 
cubated them with rabbit anti-rat lmmunoglobuhn G (IgG) antiserum at 4 °C for 
16-18 h. The precipitates were washed with 0.15 M phosphate-buffered NaC1, 
dissolved in sodium dodecylsulphate, separated on polyacrylamide gels and assayed 
as described above. 

RESULTS 

The preparation of the various cell fractions was monitored electron micro- 
scopically and assayed chemically The results of the studies on chemical composition 
and enzymatic activity are summarized m Table I. The 30-35 ~ and 35-40 ~o Inter- 
faces of the sucrose gradient consisted entirely of smooth membrane vesicles and 
contained the highest specific activity of 5'-nucleotidase, which IS considered to be a 
specific marker for plasma membrane [18 ]. On the basis of the electron microscopic 
findings, the high cholesterol content [19], the 12-15-fold enrichment of nucleotldase 
acttvlty, the low level of contamination by nucleic acids and a variety of other enzyme 
activities, these two fractions were combined and subsequently used as the plasma 
membrane fraction The analytical results are in general agreement w~th those re- 
ported in studies of plasma membranes from lymphocytes of the pig [20, 21 ], human 
[22-24] and calf [25] 

A comparison of the composition and enzyme actlvmes m the plasma mem- 
branes from splenic and thymlc lymphocytes is summarized in Table II. There are no 
slgmficant differences (P __< 0.01) between spleen and thymus The succmate dehy- 
drogenase activity in purified plasma membrane preparations was very low and 50-100 
times lower than in the nutochondmal fraction. The total activity of NADH dehy- 
drogenase, which is considered to be a relatively reliable marker for endoplasmzc 
retlculum [16], was 3 1 and 2 5 ~o for the membrane fractions of splenic and thymlc 
lymphocytes, respectively. These results are consistent with the data for purified 
plasma membrane fractions of L-cells [26], Ehrhch ascltes cells [16] and calf lym- 
phocytes [25], and they provide further evidence that we have separated highly 
purified plasma membrane from the smooth endoplasmlc reticulum 

The membrane protein patterns of both splenic and thymlc lymphocytes 
showed about 25 protein bands, of which 15 were relatively sharp Densitometrlc 
analyses of Coomassle blue-stained gels are shown in Fig. 1 (Curves 1 and 2), and there 
is an overall similarity between the band patterns of the two membranes However, 
there are some slgmficant d~fferences (1) three minor proteins greater than 200 000 
daltons are always present in the spleen but absent from the thymus, (2) a band of 
145 000 daltons is very prominent in the spleen (Band c) but very faint or absent 
from the thymus, and (3) a major band of about 27 000 daltons stares prominently 
for protein in the thynms but not in the spleen (Band h). 

The densltometric analyses of periodic acld-Schlff-staIned gels (Fig 1, Curves 
3 and 4) showed that all the proteins above 100 000 daltons in thymlc and splenic 
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membranes stained w~th the reagent lndtcatmg that they were glycoprotems The 
major glycoproteln of 145 000 daltons (Band c) was much more prominent m splemc 
than m thym~c membranes Although this findmg suggests that th~s component 

TABLE 1 

C H E M I C A L  A N D  E N Z Y M E  C O M P O S I T I O N  OF THE D I F F E R E N T  F R A C T I O N S  OF RAT 
T H Y M O C Y T E S  

The experiments were performed with material obtanaed from 20 thymuses yleldnag about  10 ~° cells, 
and the results represent the average of  two typical experiments Absolute yields from homogenates 
were 342 nag protena, 30 nag DNA,  16 9 nag RNA,  11 3 nag cholesterol and 36 6 mg phosphohpld 
Total activity of  enzymes in homogenates,  expressed a s / /moles  of product liberated per h, were 
5"-nucleotldase, 202, succlnate dehydrogenase, 87, glucose 6-phosphatase, 79 acid phosphatase 
380, N A D H  dehydrogenase, 3680 Specific activities represent pmoIes of  product hberated/h per mg 
protein 

Nuclear Mltochondrial 20 0 0 0 \ y  Sucrose Plasma 
pellet pellet Supernatant bot tom membrane 

Protein 
o /  recovery (/o) 22 8 15 5 32 8 4 6 I 3 

D N A  
recovery 76 7 8 7 4 0 0 2 0 l 
pg/nag protein 297 49 10.8 3 6 5 0 

R N A  
recovery (~o) 17 8 18 9 55 0 6 2 0,7 
pg/mg protena 39 61 83 66 24 9 

Cholesterol 
recovery (~o) 18 6 18 7 16 5 6 9 8 7 
#g/rag protein 27 40 16 7 49 222 

Phosphohpld 
recovery (~o) 21 9 36 3 15 8 9 6 6 0 
pg /mg protena 103 250 52 221 491 

Cholesterol /phosphohpld 
(molar ratio) 0 52 0 32 0 64 0 44 0 91 

5"-Nucleot~dase act~v~t) 
recovery (%) 9 7 24 7 14 4 19 2 18 0 
spec act 025 094  026 244 824 

Succmate dehydrogenase act~vRy 
recovery (~ )  9 7 46 2 15 2 0 9 0 1 
spec act 0108 0758 0118 0049 0015 

Glucose-6-phosphatase activity 
recovery (~ )  12 2 14 8 52 0 7 3 0 9 
spec act 0 123 0 220 0 367 0 367 0 171 

Acid phosphatase activity 
recovery (~o) 6 4 39 0 30 5 4 8 1 0 
spec act 031 283 104 I 14 083 

N A D H  dehydrogenase act~wty 
recovery (~,,,) 7 6 44 7 16 8 3 8 0 6 
spec act 3 56 31 04 551 882 529 
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"IABLE II 

COMPARISON OF THE CHEMICAL AND ENZYME COMPOSITION OF THE ISOLATED 
PLASMA MEMBRANES FROM THYMOCYTES AND SPLENIC LYMPHOCYTES 

109 purified lymphoid cells were used which ymlded 30-40 rag of homogenate protein. The phospho° 
hp~d molecular weight was assumed to be 775 The total enzymic actw~t~es are expressed as/~moles of 
product hberated per h. Specific aclvltles represent#moles ofproduct /h per mg protein The number 
of experiments ~s gwen in parentheses, and the means are g~ven ± S  E 

Spleen Thymus 

Protein (~o of homogenate protein) 
DNA (~g/mg protein) 
RNA (#g/mg protein) 
Carbohydrate (/zg/mg protein) 
Lipid (#g/mg protem) 
Cholesterol (/~g/mg protein) 
Phosphohpld (#g/rag protein) 
Cholesterol/phosphohpld (molar rano) 
5'-Nucleotldase 
Glucose 6-phosphatase 
Aczd phosphatase 
Succlnate dehydrogenase 
NADH dehydrogenase 

0 9 0 ~ 0  11 (8) 1 3 6 ~ 0 2 9  (6) 
6 48::ki 68 (8) 7 9 7 ± 1  61 (8) 
36 8 i 4  81 (8) 33 6 ~ 7  07 (8) 
93 3 ± 9  78 (9) 82 l:k13 24 (9) 
678:~39.7 (8) 807zk50 8 (9) 
168±19 4 (9) 235±31 9 (7) 
381:k32 2 (7) 481 :k24 3 (7) 

0 88 0 98 
10 1 9 i l  46 (12) 6 84~1 89 (12) 
0 131:k0 033 (6) 0 2 3 7 ~ 0 0 3 5  (5) 

1 18±0 18 (5) 0 79~_0 08 (5) 
0,024~0 004 (10) 0 029±0  006 (12) 
13 30:k3 14 (10) 11 43~2  20 (10) 

may be an lmmunoglobuhn, purified rat serum IgG lmmunoglobuhn, analysed 
repeatedly under identical conditions, had a mobihty eqmvalent to 160 000 daltons. 
The glycoprotems of 127 000 (Band d) and 100 000 daltons (Band e) were equally 
prominent m both membranes. In both thymus and spleen, there were two major 
membrane proteins of 65 000 (Band f) and 50 000 daltons (Band g) which stained 
very weakly with the periodic acld-Schlffreagent. The most striking difference betweeen 
thymus and spleen was the intensely periodic acid-Schlff-posltwe 27 000 dalton 
glycoprotem (Band h) m the thymocyte plasma membrane. In both thymlc and 
splenic membranes, there was a broad band of about 8000 daltons (Band 1) which 
only stained with the periodic acld-Schlff reagent or with Sudan black. In addition, 
polyacrylamide gel analysis of a chloroform-methanol extract of isolated mem- 
branes showed only this band. These findings suggest that the band consists of 
membrane glycohpids [22] or unsaturated hplds (Wallach, D. F H., personal com- 
mumcatlon). 

Typical electrophoretlc profiles for surface-labeled thyn~c and splenic lym-- 
phocytes are shown m Fig 2. The major externally labeled components were the 
117 000-dalton glycoprotem m both thymus and spleen and the prominent 27 000- 
dalton thymlc membrane glycoprotem. The gel fracnons m the region of 200 000 
daltons were labeled to a s~gmficantly greater extent m splemc than m thyrmc mem- 
branes. These studies mdlcate that the 117 000-dalton component of thymlc and 
splenic lymphocytes and the 27 000-dalton component of the thymus are the major 
external membrane glycoprotems and that the 200 000-dalton component of splemc 
lymphocyte membranes is a minor external component 

The lmmunopreclpitatmn studies with anti-rat IgG antiserum showed that 
there were two labeled peaks of 117 000 and 200 000 daltons m the prec~pitates from 
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Fig 1 DensRometrlc tracings of the polyacrylamlde-gel electrophoresls patterns of solubdlzed 
plasma membranes The membrane preparations were analyzed m 7 5 ~ polyacrylamlde gels con- 
taming 0 5 ~o sodium dodecylsulphate Curves 1 and 2 are tracings of Coomassle blue-stained gels 
from thymus and spleen and Curves 3 and 4 are tracings of periodic actd-Schlff-stamed gels of thymus 
and spleen, respectively There are quant,tatlvely less Components b and c (175 000 and 145 000 
daltons) m thymlc thanm splenic membranes Component h (27 000 daltons) ~s a major, umque glyco- 
protein m thym,c lymphocytes (Curves 1 and 3) and Is a minor component in splemc lymphocytes 
(Curve 2) Component 1 probably represents membrane glycohplds or unsaturated hplds (about 8000 
daltons), since it is stained only with the periodic acld-Sch,ff reagent (Curves 3 and 4) and wRh Sudan 
black 

splemc and  thymlc membranes ,  a l though there was less precipitate f rom thymlc 
membranes  This finding does not  necessarily mean  that  the surface lmmunog lobuhns  
are related, since the ant iserum conta ined hght chain speclficRy and different 
classes of zmmunoglobuhn  may have been precipitated by reaction of the ant~-IgG 
ant ibody  w~th their light chains 

DISCUSSION 

The major  differences between thymlc and  splenic lymphocyte membranes  he 
m the components  above 200 000 daltons,  the lmmunog lobuhns  and the 27 000- 
da l ton  glycoprotem (Figs 1 and  2) There were no slgmficant differences in either 
the chemzcal composi t ion or m the enzymatic  activities (Table II). 



33 
200,000 150,000 I00,000 

p J p 

1900 

900  

700  

6 0 0  

5OO 

4OO 

9 0 0  

900  

500  

4.00 

300  

2 0 0  

M O L E C U L A R  WEIGHT 

50,000 40,000 ~0,000 20,000 
I I I 

IO,OOO 
I 

THYMUS//~ 
Rat YG BSA Ovalbumln Cyt C 

~ l  I i i I I i i i 
04 08 IZ [6 20 24 28 52 59 40  44  48 9Z 56 60 64 68 72 79 80 84 89 9~ ~ I00 

DISTANCE (mm~ 

Fig 2. The pattern of labeled external plasma membrane proteins from surface nodmated thymo- 
cytes and splemc lymphocytes after electrophores]s m 7 5 % polyacrylamxde gels containing 0 5 
sodmm dodecylsulphate Each point represents the counts m one gel shce and is the average of several 
experiments The molecular weight scale at the top ~s derwed experimentally by cahbratlon with 10 
proteins of known molecular weight, and the relatzve mobdnt~es of four of these standards are indi- 
cated by arrows The distance of mzgrat]on from the ongm Js m&cated on the scale at the bottom 

Membrane-bound lmmunoglobuhns radlolodmated by the lactoperoxldase 
method [17, 27] have been studied m the lymphocytes of human and mouse thymuses 
[28], mouse spleen [28, 29] and cultured human lymphocytes [30]. Both IgM and IgG 
have been isolated from spleen cells, and there ts stdl some &sagreement about the 
presence of lmmunoglobuhns on thymus. Our stu&es to date mdtcate that there are 
lmmunoglobuhns on the splemc membrane and probablyalso onthe thymlcmembrane 
The 200 000-dalton component on both membranes may be monomerlc lgM 
s]mdar to that obtained from mouse lymphocyte membranes The 117 000-dalton 
component 1s a lower weight than that observed for serum lmmunoglobulin (160 000 
daltons), and it may represent an umque molecular species of membrane-bound 
zmmunoglobuhn. 

These stu&es have estabhshed a basic framework for subsequent investigation 
into the control of the immune response at the level of the membrane mteractmn wzth 
antigen and for the investigation of genetic, maturatlonal and funchonal differences 
among lymphocytes. 
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ADDENDUM 

When unreduced rat myeloma IgM was analyzed by electrophoresls Jn sodaum 
dodecylsulphate, as described, we observed one species having art apparertt molecular 
weight of 115 000. After reductmn w~th dlthlothre~tol, only two subumts were found 
with apparent molecular weights of 95 000 and 27 000 These correspond closely 
to the expected molecular wexghts of heavy and hght chains, respectwely Therefore, 
the molecular species of unreduced IgM having an apparent molecular weight of 
115 000 probably represents a hail-molecule consxstmg of one heavy and one hght 
chain It is possible that the lymphocyte membrane ~mmunoglobuhn component 
hawng apparent molecular weight of 117 000 represents a half-molecule of membrane- 
bound IgM 
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