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Summary 

Plasma membranes of  splenic and thymic lymphocytes  from ACI rats were 
analyzed for their protein and glycoprotein components by surface radioiodina- 
tion with 12sI and SDS-polyacrylamide gel electrophoresis. The glycoproteins 
were extracted with lithium diiodosalicylate, characterized and assayed with 
antisera to thymic antigen. Plasma membranes of both cell types showed more 
than 25 proteins of which 10--15 were glycoproteins. Both cells showed five 
major glycoproteins but their apparent molecular weights or intensities dif- 
fered. Surface radioiodination showed a 120 000 daltons component ,  common 
to both cell types, and a 27 000 daltons thymus-specific component  as the 
most exposed surface glycoproteins. Lithium diiodosalicylate extracts of the 
plasma membranes contained almost all of the glycoprotein components and 
comprised 5 -6% of the total membrane protein and 40--50% of the total mem- 
brane carbohydrate,  with sialic acid content  in thymus twice that  of the spleen 
cells. About  1% of the total plasma membrane protein and 7% of the total iso- 
lated glycoproteins from thymocytes  were reactive with rabbit anti-rat thymo- 
cyte antiserum and the immune precipitates showed two components with 
apparent molecular weights of 72 000 and 27 000. 

Introduct ion 

The majority of membrane glycoproteins on mammalian cells are on the 
exterior cell surface [1,2]. In lymphocytes,  these surface glycoproteins are of 
major importance in the maturation and regulation of cell functions, and they 

A b b r e v i a t i o n :  SDS, sod ium dodecy l  sulfate.  
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include surface immunoglobulins,  histocompatibil i ty antigens and differentia- 
tion antigens [3,4]. Knowledge of the composit ion and structural orientation 
of the lymphocyte  surface glycoproteins is, therefore, important  for under- 
standing their functional properties. 

Cell surface glycoproteins have been studied most  extensively in erythro- 
cytes [2],  but  in recent years increasing attention has been directed to lympho- 
cyte membrane glycoproteins [5--8].  There have been a few reports of the iso- 
lation of glycoproteins from purified lymphocyte  plasma membranes [9,10],  
but  very little is known about  their physical, chemical and immunological prop- 
erties. For  immunological studies, it is also important  to ascertain whether  the 
specificity of the immunologically important  components  is preserved in the 
isolated glycoproteins. In this paper we report  the isolation and characteriza- 
tion of glycoproteins from purified splenic and thymic lymphocyte  plasma 
membranes from inbred rats. We have chosen to work with inbred rat strains 
because of  their importance in immunogenetic studies of differentiation and of 
histocompatibil i ty antigens [ 11]. 

Experimental procedures 

Materials. Lithium diiodosalicylate, acrylamide, bisacrylamide and N,N,N',- 
N'-tetramethylethylenediamine (TEMED) were purchased from Eastman 
Kodak Co., Rochester,  N.Y. Sodium dodecyl  sulfate, 99% pure, was purchased 
from BDH (Gallard-Schlesinger, Carle Place, N.Y.). Carrier-free 125I was 
obtained from New England Nuclear, Boston, Mass. Lactoperoxidase (EC 
1.11.1.7, 45 units activity/mg), N-acetylneuraminic acid (Type VI), dithiothrei- 
tol and Triton X-100 were purchased from Sigma Chemical Co., St. Louis, Mo. 
All other chemicals were reagent grade. 

Isolation of lymphocytes and their plasma membranes. The spleens and thy- 
muses from 8--10-week-old ACI inbred rats, obtained from our breeding 
colony, were used as the source of lymphocytes .  The lymphocytes  were iso- 
lated, purified and their plasma membranes were prepared as described previ- 
ously [12--14].  

Extraction of  plasma membrane glycoproteins and their biochemical analysis. 
The glycoproteins from the purified plasma membranes were isolated by lithi- 
um diiodosalicylate extraction [15].  Protein was determined by the method of 
Lowry et al. [16] with bovine serum albumin as the standard. Carbohydrate 
was determined by the anthrone reaction [17]. Lipid was extracted by the 
method of Folch et al. [18]. For sialic acid the samples were heated at 80°C for 
1 h in the presence of 50 mM H2SO4 and then assayed by the thiobarbituric 
acid method of  Warren [19]. The results were expressed in terms of N-acetyl- 
neuraminic acid. 

SDS-polyacrylamide gel electrophoresis. The samples were dissolved in SDS 
with a detergent : protein weight ratio of 15 and a final detergent concentra- 
tion between 2 and 3%, and heated in a boiling water bath for 5 min. For 
reduction,  the samples contained 50 mM dithiothreitol in addition to the deter- 
gent. The standard proteins for molecular weight calibration were treated in the 
same manner. However, when the dimers of beta-galactosidase and tetrameric 
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forms of phosphorylase A and catalase were needed, these proteins were dis- 
solved in the detergent without  heating [20]. 

The SDS-polyacrylamide gels (0.5 × 5.5 cm or 0.5 × 10.0 cm) contained 
7.5% (w/v) acrylamide and 0.5% SDS, and the electrophoresis was done accord- 
ing to the method of Shapiro et al. [21]. The gels were stained for carbohy- 
drate using the periodic acid-Schiff reagent method of Zacharius et al. [22]. 
The method of Shapiro et al. [21] was used for construction of the molecular 
weight calibration curve. 

Surface radioiodination. The intact lymphocytes were surface-labeled with 
carrier-free ~2sI by the method of Cone and Marchalonis [23]. Plasma mem- 
branes of the iodinated cells were isolated as described [14], and analyzed by 
electrophoresis in 10 cm SDS-polyacrylamide gels. The gels were sliced in 1.6 
mm fractions, and the radioactivity was counted using a Packard Gamma Scin- 
tillation Spectrometer (Model 5975). 

Preparation of antisera to thymic antigen. Antisera to thymic antigen were 
prepared in two ways. (1) New Zealand white rabbits were given 5--7 weekly 
intramuscular injections of 0.5 ml of rat brain homogenate (equivalent to 250 
mg wet weight of brain) emulsified with 0.5 ml Difco complete Freund's adju- 
vant containing 3 mg/ml additional M. tuberculosis. The rabbits were bled 10 
days after the last injection. (2) Antiserum to rat thymocytes  was prepared by 
injecting rabbits with a total of 1 ml of rat thymocytes  (2 • 10 ~ cells) emulsified 
1 : 1 with Freund's adjuvant, as above, into the hind foot  pads. After 2 to 3 
weeks, the animals were injected intravenously with 2 • 106 rat thymocytes  on 
3 successive days. The animals were bled 2 weeks later. The antisera were 
adsorbed once with 1 vol. of finely minced liver, twice with 1 vol. of packed 
red cells and once with 1/3 vol. of bone marrow cells, all from ACI rats. 

Immunodiffusion of isolated plasma membranes and glycoproteins. Ouchter- 
lony plates were prepared with 1.5% agarose in phosphate-buffered saline. The 
membranes were dissolved in 1% Triton X-100 (Triton : protein = 10 to 20 : 1, 
w/w). Immunodiffusion of the samples was carried out against anti-rat brain 
serum at 22°C for 3 days. The plates were then dialyzed thoroughly against 
phosphate-buffered saline and stained for protein. 

Coprecipitation analysis of thymic antigen. Lithium diiodosalicylate 
extracted glycoprotein from thymocyte  plasma membranes (20 ~g), thymo- 
cyte plasma membrane (200 t~g) and splenic lymphocyte  plasma membrane 
(200 ~g) were iodinated with lactoperoxidase. Each sample (0.5 ml) contained 
5 ~g lactoperoxidase, and 400 t~Ci 12sI in phosphate-buffered saline to which 
two 10 pl aliquots of 10 mM H202 were added at 5-min intervals. The samples 
were then exhaustively dialysed against 10 mM Tris • HC1/0.15 M NaC1, pH 7.5. 

The glycoprotein, the thymocyte  plasma membranes and the splenic lympho- 
cyte plasma membranes retained 9.3, 5.2 and 8.2%, respectively, of the added 
iodine. These samples were solubilized in 0.5% Triton X-100 (Triton : protein = 
5 : 1, w/w), incubated at 30°C for 1 h and centrifuged at 25 000 ×g  for 1 h. 
The amounts of glycoprotein, of thymocy te  and of splenic lymphocyte  plasma 
membranes solubilized were 91.9, 76.7 and 88.1%, respectively. Rabbit anti- 
rat brain or anti-rat thymocyte  serum (20 t~l) was added to each test sample, 
and normal rabbit serum (20 ~l) was added to each control; concentrations of 
both sera were previously adjusted to equivalence with goat anti-rabbit IgG 
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serum. The samples were incubated overnight at 4°C. The goat antiserum 
(20 gl) was then added and the samples were incubated for 24 h at 4°C. The 
precipitates were washed 6 times in cold phosphate-buffered saline and 
analysed by SDS-polyacrylamide gel electrophoresis. 

Results 

Glycoprotein analysis 
The yield of  protein in the lithium diiodosalicylate extracts was about  6% of 

the total membrane protein in both  splenic and thymic membranes (Table I). 
The yield of carbohydrate  was 38% of the total splenic membrane carbohy- 
drate and 47% of total t hymocy te  membrane carbohydrate.  These findings 
indicate that the content  of carbohydrate  in the extracts was enriched 7--11- 
fold compared to that  in plasma membranes,  both estimated with respect to 
protein. In the spleen, the extracted glycoproteins contain 44% carbohydrate 
(6% sialic acid); in the thymus,  the glycoproteins contain 52% carbohydrate 
(12% sialic acid). 

SDS-polyacrylamide gel electrophoresis of isolated plasma membranes and 
glycoproteins 

The molecular weight versus relative mobili ty calibration curve was a 
straight line from 10 000 to 200 000. The polyacrylamide gel densitometric 
tracings for membrane proteins and glycoproteins are shown in Fig. 1. The 
apparent molecular weights of  the proteins and the glycoproteins are given in 
Table II. There were some differences in the protein patterns of the two mem- 
branes: (i) 3--4 minor protein bands in spleen of  molecular weight greater than 
200 000 were absent from thymus;  (ii) an intensely stained splenic protein of 
140 000 daltons (band 11) was absent from thymus;  (iii) a protein of  27 000 
daltons (band 25) was very prominent  in thymus  but  not  in spleen; and (iv) 
protein band 23 (40 000--42 000 daltons) was moderately intense in thymus 
bu t  weak in spleen. Of the major common proteins, bands 13 (122 000), 16 
(96 000) and 20 (66 000) were equally prominent  with band 22 (49 000) as 
the most  prominent  protein. 

T A B L E  I 

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

Each  figure r ep resen t s  the  average of  two  observa t ions .  

Speen T h y m u s  

Pro te in  yield 6 .48  
(% of to t a l  m e m b r a n e  p ro t e in )  

C a r b o h y d r a t e  yield 37.6 
(% of to t a l  m e m b r a n e  c a r b o h y d r a t e )  

C a r b o h y d r a t e  c o n t e n t  in e x t r a c t e d  g lycop ro t e in  787 
( ~ g / m g  e x t r a c t e d  p ro t e in )  

Siatic acid c o n t e n t  in e x t r a c t e d  g l y c o p r o t e i n  108.1 
(tzg/rng e x t r a c t e d  p ro t e in )  

5.57 

47 .2  

1089  

247 .5  
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Fig. 1. D e n s i t o m e t r i c  tracings of S D S - p o l y a c r y l a m i d e  gels s tained for  prote in  and c a r b o h y d r a t e .  Curves  A 
and C represent  C o o m a s s i e - b l u e  s ta ined gels f r o m  splenic  and t h y m i c  cell p l a sma  m e m b r a n e s ,  respec t ive ly .  
Curves  B and  D show the  per iodic  ac id-Sehi f f  pos i t ive  bands  o f  splenic  and t h y m i c  cell m e m b r a n e s ,  
respec t ive ly .  D es p i t e  the  overall  s imilari ty  o f  the p r o te in  c o m p o n e n t s ,  the  c a r b o h y d r a t e  c o m p o n e n t s  of  
the  t w o  m e m b r a n e s  are d i f ferent .  Th e  bands  are n u m b e r e d  as in Table  II .  

some differences in the protein patterns of the two membranes: (i) 3--4 minor 
protein bands in spleen of molecular weight greater than 200 000 were absent 
from thymus;  (ii) an intensely stained splenic protein of 140 000 daltons (band 
11) was absent from thymus;  (iii) a protein of 27 000 daltons (band 25) was 
very prominent  in thymus but  not  in spleen; and (iv) protein band 23 (40 000--  
42 000 daltons) was moderately intense in thymus but  weak in spleen. Of the 
major common proteins, bands 13 (122 000), 16 (96 000) and 20 (66 000) 
were equally prominent  with band 22 (49 000) as the most prominent  protein. 

Gels B and D in Fig. 1 represent splenic and thymic membranes, respectively, 
stained with periodic acid-Schiff reagents. The stained components  were also 
stained for protein (gels A and C in the figure). Treatment of the gels with 
Schiff reagent wi thout  prior oxidation by periodic acid did not  show any 
stained component ,  an indication that the components  stained with periodic 
acid-Schiff reagents represent glycoproteins. 

The glycoproteins of  the two membranes also differed qualitatively and 
quantitatively. In the spleen, there were five prominent  glycoproteins of  molec- 
ular weights of  165 000 (band 7), 148 000 (band 9), 140 000 (band 11), 
122 000 (band 13) and 96 000 (band 16) and 5--6 minor glycoproteins in the 
molecular weight range from 250 000 to 25 000; all of  the major glycoprotein 
bands correspond to major protein bands in isolated membranes. Thymocyte  
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T A B L E  I I  

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

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

A C R Y L A M I D E  G E L  E L E C T R O P H O R E S I S  

E a c h  r e s u l t  i s  t h e  a v e r a g e  o f  5 - - 7  o b s e r v a t i o n s .  

C o m -  

p o n e n t  

N o .  

M o l e c u l a r  w e i g h t  v s t a n d a r d  d e v i a t i o n  ( X 1 0  - 3 )  

S p l e e n  T h y m u s  

P r o t e i n  G l y c o p r o t e i n  P r o t e i n  G l y c o p r o t e i n  

c o m p o -  c o m p o -  c o m p o -  c o m p o -  

n e n t s  * n e n t s  * *  n e n t s  * n e n t s  * *  

1 2 6 4  ± 5 . . . . .  

2 2 3 9  ± 3 . . . . . . .  

3 2 2 4  ± 6 f - -  - .  

4 2 0 3  + 5 f 2 0 5  ± 5 f 

5 1 9 0  + 5 f 1 8 9  + 3 f 

6 - -  1 7 9  + 1  f 

7 1 6 5 _ +  2 p 1 6 6  + 2 p o r  f 

8 - -  1 5 4  + 3  f 

9 1 4 8  ± 3 v p  - -  

1 0  - -  1 4 3  + 2 f 

1 1  1 4 0  ± 2 v p  - -  

1 2  - -  1 3 5  ~ 1 f 

1 3  1 2 2 _ +  2 p 1 2 2  ± 5 p 

1 4  1 0 9  _+ 2 - 1 1 0  • 4 p 

1 5  1 0 4  _+ 2 f 1 0 5  ~ 2 v p  

1 6  9 6  _+ 2 v p  9 6  .+- 3 p 

1 7  8 9  ÷ 5 - -  9 0  ÷ 3 f 

1 8  7 9  ± 3 - -  7 8  _+ 5 f 

1 9  7 2  ± 3 f 7 2  _+ 3 f 

2 0  6 6  ± 3 f 6 6  ± 3 

2 1  5 7  ± 3 - -  5 6  + 3 - 

2 2  4 9  *_ 2 5 0  ± 1 

2 3  4 0  ± 3 --- 4 2  *_ 2 --- 

2 4  3 4  _+ 3 - -  3 3  ~ 1 - -  

2 5  2 7  _+ 2 f 2 7  ~ 2 v p  

2 6  2 4  ± 1 - - -  - 

2 8  1 8  -+ 1 1 7  ~ 0 . 3  .... 

2 9  1 0  ± 1 - -  

3 0  ~ 8  * * *  p * * *  ~ 8  * * *  p * * *  

* U n d e r l i n e d  p r o t e i n  c o m p o n e n t s  a r e  m a j o r  b a n d s .  A c l a s h  i n d i c a t e s  n o  c o m p o n e n t  i n  t h i s  p o s i t i o n .  

* *  T h e  s y m b o l s  a r e :  f ,  f a i n t  p e r i o d i c  a c i d - S c h i f f  ( P A S ) - p o s i t i v e  b a n d s ;  p ,  p r o m i n e n t  P A S - p o s i t i v e  b a n d s ;  

v p ,  v e r y  p r o m i n e n t  P A S - p o s i t i v e  b a n d s .  

* * *  O l y c o l i p i d s  o n l y .  

membranes showed four prominent  glycoproteins of molecular weights 
122 000 {band 13), 119 000 (band 14), 105 000 (band 15) and 96 000 (band 
16), and 9--10 minor glycoproteins in the molecular weight range from 
200 000 to 50 000. In addition, the thymocyte  membranes alone contained an 
intense glycoprotein of 27 000 daltons (band 25). When the two membranes 
were compared, the relative intensities of some of the carbohydrate bands did 
not  correspond to the intensities of the respective protein bands (examples: 
thymic bands 15 and 16). These results suggest that  the carbohydrate compo- 
sition of membrane glycoproteins vary considerably in different lymphocytes.  
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In both membranes,  there was an intense periodic acid-Schiff-positive band 
of 8000 daltons (band 30, Fig. 1, gels B and D) which did not  stain for pro- 
tein but  did stain with Sudan black. In addition, lipid extracts of the plasma 
membranes showed only this band when stained with periodic acid-Schiff 
stain and Sudan black. These findings suggest that this band contains glyco- 
lipids. 

The gel patterns of the extracted glycoproteins are shown in Fig. 2. All 
observed bands were stained for carbohydrate and protein indicating that the 
extracts consisted only of  glycoproteins. When compared with the glycoproteins 
in the whole plasma membranes,  the results showed that all observed glycopro- 
tiens were extracted by lithium diiodosalicylate. 

Surface components of rat splenic and thymic lymphocytes 
Since glycoproteins in plasma membranes are surface components,  we 

a t tempted to label them by surface radioiodination of intact lymphocytes.  Fig. 
3 shows the results of iodine incorporation in the surface of splenic or thymic 
lymphocytes.  The thymocytes  required more H2Oz than splenic lymphocytes  
for maximal iodine uptake, and this probably indicates that the rate of  iodina- 
tion is slower for thymocytes  than for splenic lymphocytes.  The maximal 
uptake of iodine by splenic lymphocytes  was almost twice that by thymocytes .  

Gels of the radioiodinated membrane proteins (Fig. 4) showed that the most 
intensely labeled component  in splenic cells had a molecular weight of 120 000 
(band 13, Fig. 1). These cells also showed a component  of 210 000 daltons 
together with a few other less intense components.  The ends of  the gels con- 
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Fig. 2. S D S - p o l y a c r y l a m i d e  gels of  m e m b r a n e  g lycopro t e in s  e x t r a c t e d  b y  l i th ium di iodosal icyla te .  The  
splenic g l y c o p r o t e i n s  s ta ined for  p ro t e in  and  c a r b o h y d r a t e  are  gels 1 and  2, respect ive ly .  The  t h y m i c  
g lyco p ro t e i n s  s ta ined for  p ro t e in  and  c a r b o h y d r a t e  are gels 3 and  4, respec t ive ly .  

Fig. 3. I n c o r p o r a t i o n  of  1251 in to  the  surface  p ro t e in s  of  r a t  splenic l y m p h o c y t e s  and t h y m o c y t e s  (107 
cells each) .  Curve  A shows  the  iod ina t ion  of  splenic cells, and curve  B, the  same for  t h y m o c y t e s .  Maximal  
i od ina t ion  of  t h y m o c y t e s  r equ i r ed  a longer  t ime  and  a h igher  to ta l  a m o u n t  of  H 2 0 2  . The  m a x i m a l  incor-  
p o r a t i o n  of  iodine  in to  splenic l y m p h o c y t e s  was  nea r ly  twice  t ha t  into t h y m o c y t e s .  
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F i g .  4 .  S D S - p o l y a c r y l a m i d e  g e l s  o f  125  I - l a b e l e d  s p l e n i c  m e m b r a n e s  ( A )  a n d  t h y m o c y t e  m e m b r a n e s  (B) .  

M e m b r a n e  s a m p l e s  e q u i v a l e n t  t o  2 • 1 0  ? s p l e n i c  l y m p h o c y t e s  a n d  8 • 1 0 7  t h y m o c y t e s  w e r e  s e p a r a t e d  b y  

e l e c t r o p h o r e s i s  a n d  t h e  g e l s  w e r e  s l i c e d  i n t o  1 . 6  m m  f r a c t i o n s  a n d  c o u n t e d  i n  a g a m m a  s c i n t i l l a t i o n  

c o u n t e r .  

F i g .  5 .  T h e  T r i t o n  X - 1 0 0  e x t r a c t  o f  r a d i o i o d i n a t e d  t h y m o c y t c  m e m b r a n e s  ( A )  a n d  r a d i o i o d i n a t e d  l i t h i u m  

d i i d o s a l i c y l a t e - e x t r a c t e d  t h y m o c y t e  m e m b r a n e  g l y c o p r o t e i n s  (B )  w e r e  p r e c i p i t a t e d  w i t h  n o r m a l  r a b b i t  

p l u s  g o a t  a n t - r a b b i t  s e r u m  ( c o n t r o l :  e )  a n d  w i t h  r a b b i t  a n t i - r a t  t h y m o c y t e  s e r u m  p l u s  g o a t  a n t i - r a b b i t  

s e r u m  ( t e s t :  o ) .  T h e  p r e c i p i t a t e s  w e r e  a n a l y z e d  b y  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  

tained some labeling, presumably due to uptake of iodine by the glycolipid 
components.  Thymic cells showed two major labeled components:  one in the 
position of the major labeled peak in the spleen (band 13) and the other in the 
position of the prominent  thymus-specific glycoprotein (band 25, 27 000). In 
both cell types, the relative intensities of the labeled components  did not corre- 
spond to those of the glycoproteins. 

Characterization of the thymus-specific antigen 
Immunodiffusion of thymocyte  plasma membranes or extracted glycopro- 

reins against anti-rat brain serum showed one major and one minor precipitin 
lines. The results showed that  the extracted glycoproteins contained the 
antigen in much higher concentration than the plasma membranes and that  
lithium diiodosalicylate extraction did not  destroy the reactivity of the antigen. 
Extracted glycoproteins from splenic cells did not  show any visible precipitin 
line. 

The results of coprecipitation of the plasma membranes or the glycoproteins 
with ant i thymocyte  serum axe given in Table III. The plasma membrane and 
the glycoprotein extract from thymocytes  both yielded specifically precipitable 
protein, and its amount  increased proportionately with the amount  of sample 
used. Approximately 7% of the extracted glycoprotein and about 1% of 
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T A B L E  I I I  

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

G L Y C O P R O T E I N  E X T R A C T S  A N D  T R I T O N  X-100  S O L U B I L I Z E D  P L A S M A  M E M B R A N E  P R O -  

T E I N S  

E x t r a c t e d  g l y c o p r o t e i n  f r o m  t h y m o c y t e  p l a s m a  m e m b r a n e  and  p l a s m a  m e m b r a n e s  f r o m  t h y m o c y t e s  and  
splenic  l y m p h o c y t e s  were  i o d i n a t e d  w i t h  l 25 I, d i sso lved  in T r i t o n  X-100  and  c o p r e c i p i t a t e d  w i t h  n o r m a l  
r a b b i t  s e r u m  plus  goa t  an t i - r abb i t  IgG s e r u m  ( c o n t r o l )  or  wi th  r a b b i t  an t i - ra t  t h y m o c y t e  s e r u m  plus  goa t  

an t i - r abb i t  IgG s e r m n  ( tes t ) .  T h e  r e su l t i ng  p r e c i p i t a t e s  were  w a s h e d  6 t i m e s  w i t h  p h o s p h a t e - b u f f e r e d  saline 
and  the  p r o t e i n  in the  p r e c i p i t a t e s  was  e s t i m a t e d  f r o m  coun t s .  Each  f igure  r e p r e s e n t s  the  m e a n  of  dupl i -  

cate samples .  

Sample  A m o u n t  o f  A m o u n t  o f  i o d i n a t e d  p r o t e i n  p r e c i p i t a t e d  Pe rc e n t  o f  
i o d i n a t e d  to ta l  i o d i n a t e d  

p r o t e i n  Tes t  (a) Con t ro l  (b)  Spec i f ic  (a-b) p r o t e i n  specif ic-  
a d d e d  (c)  (ng)  (ng)  (ng)  ally p r e c i p i t a t e d  

(a-b) × l O 0 / c )  

T h y m o c y t e  g lyco-  2.16 254  105  149 6.91 

p r o t e i n  5 .40 594  208  386 7 .15  

T h y m o c y t e  p l a s m a  1 2 . 5 0  254  130  124  0 .99 

m e m b r a n e  2 5 . 0 0  563 300  263 1 .05  
50 .00  1 0 6 5  510  555  - -  

Splenic  l y m p h o c y t e  14 .68  205  253  - -  - -  
p l a s m a  m e m b r a n e  29 .36  273  327  - -  - -  

the total plasma membrane protein precipi ta ted specifically with the antise- 
rum. Hence, the thymic antigen content  of the glycoprotein extract is enriched 
7-fold compared to the plasma membrane.  The splenic lymphocyte  plasma 
membrane did not  yield any specific precipitation with the antisera. 

The precipitates, analyzed by SDS-polyacrylamide gel electrophoresis 
(Fig. 5) showed that both  the glycoprotein extract and the plasma membrane 
contained two components  in identical positions: the smaller component  is the 
same as the thymocyte-specif ic  27 000-dalton component ,  and the larger com- 
ponent  has an apparent molecular weight of 72 000 which coincides with the 
minor glycoprotein band 19 (Fig. 1). The radioactive count  density of the 
lighter component  was lower than the other component ,  especially in the gly- 
coprotein extract. Reduct ion of the precipitates with 50 mM dithiothreitol 
gave identical results, an indication that these two components  are non-cova- 
lently linked polypeptides.  

Discussion 

Characteristics of protein and glycoprotein components 
The two membranes of rat lymphocytes  contained a large number  of protein 

components  with some differences. These results are similar to those reported 
by other investigators for different lymphocytes  [24--29].  The 27 000 daltons 
glycoprotein was absent from spleen, although about  50% of the splenic 
lymphocytes  share T-cell properties [30,31].  This indicates that the thymo- 
cytes and the splenic T-cells differ in their surface glycoproteins. Similar results 
were reported by Gahmberg et al. [5] for murine thymocytes  and peripheral 
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T-cells. This difference may correlate with the difference in the functional 
properties of the two cell types [32]. 

Glycopro teins 
The significant difference between the two membranes was in the sialic acid 

content.  Allan and Crumpton [33] and Snary et al. [8] found that  18--20% of 
the total carbohydrate in pig lymphocyte  membranes was sialic acid. In rat we 
obtained comparable results, but the sialic acid content  in thymus was almost 
double that in spleen. Such difference between lymphocytes from different 
organs was previously reported for chicken and mouse [34,35]. Since sialyl 
residues carry net negative charge, the higher sialic acid content  in thymocytes  
probably explains their higher electrophoretic mobility [36]. 

Surface components by lactoperoxidase-catalyzed iodination 
Both membranes contained 5--6 prominent glycoproteins, but surface radio- 

iodination labeled only one major glycoprotein in spleen and two in thymus. 
This finding corroborates the observation by others that  iodination by laeto- 
peroxidase-catalysis does not  label all cell surface glyeoproteins to the same 
extent  [37]. Recently Gow and Wardlow [38] also reported differential iodina- 
tion for some soluble proteins by this method where labeling did not correlate 
with their tyrosine content.  Therefore, differential and limited labeling of lym- 
phocyte surface proteins by this technique may be due to differences in their 
conformation or availability for lactoperoxidase catalysis. 

Molecular weight and chemical nature of  thymic antigens 
Immunodiffusion and immunoprecipitation results showed that the 

extracted glycoproteins were enriched in thymic antigen content.  It appears 
that  lithium diiodosalicylate does not  affect the reactivity of the thymic 
antigens, in agreement with the observation of Bustin et al. [39]. The immune 
precipitates contained two components  which corresponded to two membrane 
glycoproteins. We conclude that rat thymic antigens are glycoprotein in nature. 

Our immunofluorescence results with anti-rat brain serum showed weak 
staining of about 50% of the splenic cells and intense staining of all thymocytes  
[30,31]. Membranes of the splenic cells, however, did not show any significant 
reactivity with ant i - thymocyte or anti-brain sera. These results support the 
observation by others that  peripheral T-cells contain much less thymic antigen 
than thymocytes  [32,40]. 

There are conflicting reports regarding the physical chemical properties of 
thymic antigens. Several investigators reported that  murine thymic antigens are 
proteins [23,41--43] of 60 000 daltons [23,41] or of 35 000--40 000 daltons 
[42] or they are glycoproteins of 25 000 daltons [44]. Others found that the 
antigens are glycolipids or gangliosides [45,46] of 35 000 daltons [45]. In 
recent studies, Stein-Douglas et al. [47] disputed the ganglioside nature of the 
antigens, and Arndt et al. [48] reported that  murine brain-associated thymic 
antigens are lipoproteins. 

Rat thymic antigens are less well described, but their properties are prob- 
ably similar since the murine thymic antigen Thy 1.2 is common to both spe- 
cies. Bustin et al. [39] reported that  these antigens are proteins of 60 000-- 
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70 000 daltons but their reactivity is dependent on carbohydrate and phospho- 
lipid. Williams and co-workers reported that the antigens are glycoproteins of 
25 000--27 000 daltons [49--52]. 

We find that rat thymic antigens are glycoproteins comprising two compo- 
nents. Interestingly, the larger component has a molecular weight of approx. 
72 000 which corresponds to the value reported by several investigators 
[23,39,41] and the smaller component has a molecular weight of 27 000, a 
value reported by others [44,49--52]. In our earlier studies, we initially 
reported the 27 000<lalton glycoprotein being unique to rat thymocyte plasma 
membranes [53] and we subsequently suggested that it may be the thymus- 
specific antigen [54]. Our present results indicate that both components are 
present in these antigens and suggest that the conflicting results from different 
laboratories may be due to the existence of two components of different mole- 
cular size. The two alternative hypotheses are either that there are two indepen- 
dent thymus-specific antigens which are operationally defined by the antisera 
used by different investigators, or that the thymic antigen consists of two non- 
covalently linked components. 
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