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# - c h a i n s  f rom r a d i o i o d i n a t e d  surface  i m m u n o g l o b u l i n  (Ig) of  m u r i n e  sp l enocy t e s  

are  m a r k e d l y  h e t e r o g e n e o u s  as d e t e r m i n e d  by t he i r  m o b i l i t y  on s o d i u m  dodecy l  

su l fa t e  (SDS)  e l ec t rophores i s  in 5% a c r y l a m i d e  gels (1). We  cons ide r ed  the  

poss ib i l i t y  t h a t  the  h e t e r o g e n e i t y  is d e p e n d e n t  on d i f fe r ing  c a r b o h y d r a t e  

c o n t e n t s  of  these  cha ins .  To  explore  th is  poss ib i l i ty ,  cha ins  were  e l e c t r o p h o r e s e d  

in gels of  h ighe r  a c r y l a m i d e  c o n c e n t r a t i o n  in o rder  to r educe  the  effect  of  

c a r b o h y d r a t e  moie t i e s  on m o b i l i t y  (2). T h e s e  s tud ie s  h a v e  led to the  iden t i f i ca -  

t ion  of  two c lasses  of  Ig on the  sur face  of  m u r i n e  sp lenocy tes .  One  is 

i m m u n o p r e c i p i t a b l e  wi th  anti- t t  and  has  a heavy  cha in  which  coe lec t rophoreses  

w i t h  secre ted- i t .  T h e  o the r  is not  spec i f i ca l ly  i m m u n o p r e c i p i t a b l e  wi th  an t i s e r a  

ra i sed  aga ins t  pu r i f i ed  tL-, 5% or a - c h a i n s  a n d  is s m a l l e r  in size t h a n  t t -cha in .  Its 

p rope r t i e s  are  s i m i l a r  to those  of h u m a n  5-cha in  (3). 

Materials and Methods 

The antisera used have been previously described. They include rabbit anti-#, anti-a, and anti-'r 
raised against purified heavy (H) chains (4), anti-Ig (anti-g, % a, K, ~) (5), anti-a,K and as a control 
anti-¢X 174. The anti-a,K serum was raised against purified TEPC-15 IgA and contained antibodies 
only to a and K as assessed by its reactivity with myeloma proteins of different classes. Since the 
monospecific anti-a (4) also prepared from TEPC-15 IgA did not react with spleen cell Ig and the 
anti-a,K brought down the same radioactive molecules as multispecific anti-Ig, the anti-a,K was used 
as an anti-K reagent (called anti-z). Immune complexes were precipitated with goat antirabbit Ig (5). 

125I-labeled surface and ~H-tyrosine-labeled secreted Ig were obtained as previously described (1, 
5) from the splenocytes of 6- to 12-wk old BALB/c mice. Preliminary experiments indicated the 
necessity of inhibiting proteolysis. This was accomplished by performing manipulations rapidly at 
4°C. In addition, Trasylol (Bayer Co.) (6), an inhibitor of proteolysis, was employed in some 
experiments but its use was not essential. Dissolved precipitates were reduced and alkylated and 
electrophoresed in SDS-polyacrylamide gels (PAGE) (5). Secreted [aH]Ig was reduced and alkylated 
and run as an internal marker in all gels (1). Gel fractions were counted in a Beckman Spectrometer 
LS 350 (Beckman Instruments, Inc., Fullerton, Calif.) at the appropriate discriminator settings for 
~25I-labeled and 3H-labeled samples. 
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Results 

Fig. 1 shows the results of electrophoresis in SDS 7.5% acrylamide gels of H and 
light (L) chains of reduced and alkylated surface Ig labeled with ~5I. Two 
l~q-labeled peaks were resolved in the H-chain area, one of which coelectro- 
phoresed with marker ~-chain, and another which migrated further into the gel. 
The faster peak was not observed in the [SH]Ig secreted by splenocytes. The 
control immunoprecipitate showed no peaks in the H- or L-chain areas (not 
shown in Fig. 1). Two membrane H-chain peaks could also be resolved in 10% and 
12.5% acrylamide gels, but not in 5% gels. These results suggest that the faster 
moving protein has a lower molecular weight but more carbohydrate than 
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Fro. 1. SDS-PAGE of [ '~I]splenoeyte surface [g and [~H]tyrosine-labeled Ig secreted by 
splenocytes .  Ant i - lg  was used to form precipi ta tes  which  were reduced and  a lkyla ted before 
electrophoresis  on 7.5% acry lamide  gels for 4 h. 

g-chain so that in low concentration gels, their mobilities are similar. This 
interpretation is further supported by the observation that  surface and secreted 
IgM are less dense than the IgD-like molecule as assessed in cesium chloride 
density gradients (Melcher and Uhr, unpublished observations). 

A lysate of '~hI-surface-labeled cells was precipitated with antisera to different 
H chains using amounts of antisera to Ig chains that precipitated maximal 
amounts of radioactivity (Table I). The total of separate immunoprecipitations 
with anti-/~, -a, and -'~ was only 57% of the total membrane Ig precipitated by 
anti-K. Analysis of the anti-~, precipitate by SDS-PAGE revealed the same two 
H-chain peaks seen in Fig. i but markedly reduced in area (10-15%). This finding 
suggests that the antiserum has anti-V, activity. This explanation is supported 
by the inability of purified K-chains to absorb this activity from the anti-'),. 
Similar analysis of the anti-a precipitate revealed no detectable peaks. The 
amount of anti-/~ used in this experiment (Table I) was shown to be saturating by 
an additional criterion, i.e., addition of more anti-/~ to the supernate of an anti-/~ 
precipitate did not bring down more radioactivity than did addition of a control 
antiserum, When rabbit anti-~ was .used to precipitate the supernate of an anti-# 
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TABLE I 

Precipitation of Cell Surface Ig from BALB/c Splenocytes* 

% of cell surface Ig$ 
An t i s e rum 

i m m u n o p r e c i p i t a t e d  

anti-~ 100 
anti-tt  40 
ant i -T 10 
an t i - a  7 

* E a c h  al iquot  conta ined  4.3 × 10 e acid precipi table  cpm.  
$ Radioact iv i ty  in anti-c~X precipi ta te  (control) was sub t r ac t ed  from 

radioact ivi ty  in the  specific precipi tate .  Anti-K was t aken  as 100% (1.3 x 
10 ~ cpm).  
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precipitate, 48% of the membrane Ig radioactivity was recovered, which 
accounted for virtually all the Ig not precipitated in the first anti-# precipitation. 
This near quantitative recovery of membrane Ig in the sequential immuno- 
precipitations was only obtained if steps were taken to minimize proteolysis 
during the first immunoprecipitation. Without such precautions Ig fragments or 
no membrane Ig was recovered from the supernate of the anti-# precipitate. The 
Ig fragments consisted primarily of H-L dimers. After reduction and alkylation of 
the fragments, an L-chain peak and a wide H-chain peak were seen, suggesting 
varying degrees of degradation of the H chain. 

The sequential precipitation with anti-# followed by anti-K was used to prepare 
membrane IgM and the non-IgM membrane Ig for analysis of molecules by 
SDS-PAGE. When the unreduced anti-# precipitate was analyzed, a single major 
peak corresponding to 190,000 daltons was obtained. Fig. 2 A shows the 
distribution of radioactivity from the reduced and alkylated anti-it precipitate. 
The H and L chains coelectrophoresed with marker tL and L chains of secreted 
IgM. Analysis of the unreduced anti-K precipitate from the anti-# supernate 
revealed a single broad peak of 160-170,000 daltons. The reduced and alkylated 
precipitate revealed the fast moving H chain as well as L chain (Fig. 2 B). In this 
case, the H chain has apparently already been partially degraded, resulting in a 
broad peak with shoulders. The apparent mol wt of the slowest moving H-chain 
peak was 65,800 ± 1,800 daltons. Little or no membrane H chain was found in the 
region of 3H-labeled secreted #-chain. 

Discussion 

The above experiments indicate that there is an additional and hitherto 
unrecognized class of Ig on the surface of murine splenocytes. The results may 
explain the finding that  in some murine lymphoid organs fluoresceinated anti-~ 
stains more cells than the total number stained by anti-u, -5', and -c~ (4). The H 
chain of this new class of Ig has the following properties: (a) A molecular weight 
(approximately 65,800 daltons) between those of #- and v-chains. (b) Not 
specifically, quantitatively, precipitable by anti-#, -a, or -T. (c) Probably a 
higher carbohydrate content than #-chain to account for the greater effect of 
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Fifi. 2. SDS-PAGE of [~SI]splenocyte surface IgM (A) and aon-IgM (B) with [3H]tyrosine- 
labeled Ig secreted by splenocytes. The first precipitation (A) was performed with anti-/~ and 
the precipitation of the supernate (B) performed with anti-K. Precipitates were reduced and 
alkylated before electrophoresis on 10% acrylamide gels for 5 h. 

changing acrylamide concentration on mobility of the new chain compared to 
/~-chain. (d) Easily degradable after cell lysis. (e) Not secreted by murine 
splenocytes in detectable amounts. The possibility that this new class of Ig is 
secreted and then rapidly degraded has not been excluded. These properties are 
shared with human b-chain. Thus, recent mol wt determinations of human 
b-chain are between 60,000 and 70,000 daltons (7, 8). Human b-chain contains 
15-16% carbohydrate whereas /~-chain contains 13-14% (3). Human IgD is 
unstable (3) and moreover, it is present in human sera in very low concentrations 
as compared to IgM, IgG, and IgA (3), but it is a major membrane Ig of human 
peripheral blood lymphocytes (9, 10). For these reasons, we suggest that  the H 
chain described in this report is the murine counterpart of human b-chain. The 
possibility that this H chain represents a /~-chain which is smaller in size and 
noncross-reactive with antibody to MOPC 104E #-chain is unlikely. 

The failure to detect the IgD-like molecule in earlier work using radioiodinated 
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cells (references 5 and 11-13, and footnote 1) is probably due to the marked 
susceptibility of d-chain to proteolysis, the similarity of its mobili ty in 5% SDS 
gels to ~-chain, and to the findings subsequent  to this s tudy tha t  IgM is the sole 
Ig on splenocytes of very young animals and the putat ive IgD appears in 
appreciable amounts  only later in develop ment. 2 
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