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CLASSES OF CELL SURFACE IMMUNOGLOBULINS 

DETECTED ON RAT LYMPHOCYTES BY ENZYMIC 

RADIOIODINATION 
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It was shown by the methods of enzymic radioiodination, immunoprecipitation,  and e lec t ro -  
phoresis  in sodium dodecylsulfa te-polyacrylamide gels that splenic lymphocytes of normal  ra ts  
c a r r y  on their surface immunoglobulins of two main c lasses :  monomer ic  IgM (IgM s) and 
Ig(H2L~), the heavy chains of which are a little smal le r  than t~ chains and differ f rom them in 
their antigenic propert ies .  The c lass  of cell surface Ig thus revealed is evidently equivalent 
to human IgD and to the IgD-like protein of the cytoplasmic membrane  of mouse lymphocytes.  
The presence  of small  quantities of IgG on the surface of lymphocytes can be explained both 
by its cytophilic proper t ies  and by the immunological  state of the experimental  animals. 

KEY WORDS: enzymic radioiodination; c lasses  of lymphocyte surface Ig. 

The view that the immunoglobulins (Ig) of the cell membrane are antigen-identifying receptors  of 
B lymphocytes is general ly accepted [ 13]. However, it is not yet known how the surface Ig are bound to the 
cell  membrane,  whether the method of binding is common to all or special to each type of surface Ig, and 
whether differences are  found in the s t ruc ture  of the surface and secreted Ig. As a f i rs t  step toward the solu- 
tion of these problems the various types of lymphocyte surface Ig must be isolated and described. 

The object of this investigation was to analyze the surface immune proteins detectable by " l ac tope rox i -  
dase radioiodination" of the splenic lymphocytes of normal  rats .  

E X P E R I M E N T A L  M E T H O D  

August ra ts  aged 2-3 months were used. A suspension of splenic lymphocytes containing more than 90% 
of viable cells  (test with 0.2% trypan blue} was obtained by density fractionation in a bovine se rum albumin 
concentrat ion gradient [ 10] and washed repeatedly in isotonic physiological buffered (pH 7.2) saline (PBS). 
Samples containing 10 ~ cells  in 20 tt 1 PBS were treated with 10 t~ 1 of a solution of lactoperoxidase (0.25 mg/ml) ,  
5 ~tl Nal~SI (100-200 ~Ci, specific activity 100-150 mCi/ml) ,  and 5 tt 1 Na127I {0.15 mM). Enzymic iodination 
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was initiated with 10/z 1 0.03% H202 at 30~ with vigorous mixing. After 3 rain a fur ther  10/z[ 0.03% I-I202 was 
added, and 3 min later  the react ion was stopped by the addition of 2 ml cold PBS. The cells were sedimented 
and washed three t imes with PBS. The efficiency of iodination was 20-30% [4]. The cell suspensions were 
pooled and treated with NP-40 detergent  (final concentrat ion 0.5%, 2 ml solution to 108 cells) for 10 rain at 
0~ The nuclei were removed from the cell lysates  by centrifugation (2000g, 15 min) and the supernatants 
were dialyzed against PBS (12 h, 4~ To prevent  proteolytic degradation of the Ig during solubilization and 
dialysis,  t rasylol  (500-5000 units/ml) was used. 

The radioiodinated Ig was isolated f rom the dialyzed and centrifuged (20,000g, 20 rain) lysates by indirect  
immunoprecipitation.  Usually 100-200/zl of lysate was treated with 25/zg rabbit  antibodies against ra t  Ig (ex- 
per imental  precipitates) or  25/z g normal  rabbit  IgG 2 (control precipitates) and, after  1-2 h, with 50-100 # 1 
donkey ant iserum against rabbit  Ig. Precipitat ion was car r ied  out for 10-12 h at 4~ Normal rabbit  IgG 2 and 
donkey ant iserum were f i rs t  exhausted on ra t  Ig (18% Na~SQ fraction of serum),  fixed on cellulose. 

As the f i rs t  component of the antibodies in indirect  immunoprecipitat ion rabbit  antibodies against/~ and 
1/ chains of ra t  Ig were used. Anti-lz antibodies were obtained f rom the se rum of rabbits immunized with 
myeloma or  normal  IgM, by isolating them and exhausting them on IgM and IgG 2 globulins respect ively ,  fixed 
on cellulose. Anti-)l antibodies were isolated from the se rum of rabbits immunized with IgG~ f rom August 
ra ts  on IgG 2 (August) cellulose and exhausted on cellulose with fixed IgG 2 of MSI/BL rats.  The anti-~( anti- 
bodies thus obtained were active against the RL-2 allotypical determinants  in the C region of the L chains, 
which consis t  to the extent of 95% of Ig molecules of August ra ts  [8]. 

The immunological  specificity of the antibodies and also the neces sa ry  pa ramete r s  of immunoprecipi ta-  
tion were established in immunological  react ions with ~sI-labeled rat  and rabbit Ig [6] and electrophoret ical ly  
in sodium dodecylsulfate (DSN)-polyacrylamide gels [5].  

T h e  experimental  and control  precipi ta tes  were washed with cold PBS (four or five times) and dissolved 
in 50-100 # i 0.125 M Tr i s -HCl  buffer, pH 6.8~ containing 3% SDS, 10% glycerol ,  2% f l -mercaptoethanol ,  and 
6 M urea. The samples were heated for 3-5 min at 100~ and alkylated (3-4 mg iodoacetamide). The samples 
were dissolved without reduction in the same buffer solution but without f l-mercaptoethanol.  The reduced and 
unreduced mater ia ls  were analyzed in 10 and 5% polyacrylamide gels, respect ively,  containing 0.1% SDS (10 
and 5% SDS gels) [7].  At the end of e lec t rophores is  the gels were cut into pieces 1 mm thick which were 
counted in the GC-30 (Intertechnique) gamma spect rometer .  

Reduced and alkylated normal and myeloma rat  IgM, IgG2, and IgGi, labeled with 125I, were used as 
marke r s  of the position of the L, ~/, and/~ chains in 10% SDS gels. Rat myeloma I25I-IgM, part ly reduced 
(1 mM dithiothreitol,  1 h, 20~ and alkylated (10 mM iodoacetamide), was used as marke r  of the positions of 
the ~z 2L~ and/~ L subunits in 5% SDS gel [2]. 

E X P E R I M E N T A L  R E S U L T S  

Analysis of the enzymical ly radioiodinated surface immunoglobulins of rat  splenic lymphocytes showed 
that their predominant component was mater ia l  which corresponded in mobility in 5% SDS gel to IgM s (#2L2) 
subunits of IgM. Small quantities of IgG (H~L~) and material  with mobility s imi lar  to that of the ~L subunits of 
IgM also were found. The typical picture of distribution in 5% SDS of the lymphocyte surface Ig precipitated 
from NP-40 lysates by anti-~ antibodies is shown in Fig. la. If anti-it antibodies were used for precipitation, 
on e lec t rophores is  in 5% SDS gel only IgM s (#2L2) could be found on the lymphocyte surface (Fig. lc). This 
descript ion of the c lasses  of the lymphocyte surface Ig was confirmed by an investigation of the size of the 
popypeptide chains composing them. For  instance, the IgM s mater ia l  precipitated by anti-~t antibodies broke 
up af ter  reduction into L and p chains,  identical in the i r  mobility in 10% SDS gel with the L and # chains of 
rat se rum IgM (Fig. l c ,d ) ,  whereas the Ig mater ia l  isolated f rom NP-40 lysates with the aid of a n t i - ) / a n t i -  
bodies broke up af ter  reduction into chains corresponding in size to L, ~,, and # chains (Fig. la ,b) .  In that 
case ,  however, considerable heterogeneity of the labeled mater ia l  was found in the "p region" of the gel, and 
this was c lear ly  revealed on compar ison with the relat ively homogeneous distribution of the p chains isolated 
f rom lymphocyte surface IgM s by ant i -#  precipitat ion (Fig. lb ,  d). 

The heterogeneity of the popypeptide chains of the # region observed in 10% SDS gel could be attributed 
either to proteolytic degradation of the # chains during isolation of the surface Ig of the splenocytes or to the 
presence of heavy chains of a different class with somewhat higher mobility than the t~ chains. The first sug- 
gestion, however, seems unlikely. For instance, the data given above (Fig. ic) indicate absence of any marked 
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Fig. 1. Surface immunoglobul ins  of r a t  splenic lymphocytes :  a and c) e lec t rophore t ic  
f ract ionat ion of lymphocyte  sur face  Ig obtained by precipi ta t ion with ant i -  x (a) and 
anti-/~ (c) antibodies,  in 5% SDS gel, b and d) distr ibution of reduced and alkylated 
lymphocyte  sur face  Ig, obtained by precip i ta t ion  with ant i -  X (b) and anti-/~ (d) ant i -  
bodies,  in 10% SDS gel; e and f) e lec t rophore t ic  analys is  of intact  (e) and reduced and 
alkylated (f) lymphocyte  su r face  Ig, obtained by precipi ta t ion with ant i -  X antibodies of 
NP-40 lysa tes  of cel ls  f r o m  which monomer ic  sur face  IgM had prev ious ly  been r e -  
moved by anti-/~ precipi ta t ion.  Arrows  mark  posi t ions occupied in Para l le l  gels by 
t25I-Ig m a r k e r s .  Resul ts  of ana lys i s  of c o n t r o l p r e e i p i t a t e s  not shown, fo r  they do not 
d is tor t  the distr ibution pa t te rns  of the sur face  IgG rep resen ted .  

heterogenei ty  of the surface/~ chains obtained by precip i ta t ion  with antibodies against/~ chains of both mye loma  
and normal  r a t  IgM. F u r t h e r m o r e ,  no changes were  found in the s ize of the/~ chains in 125I-/~L2 and t25I-/~L 
(obtained by par t ia l  reduction of l~5I-IgM), which were  added to the splenocytes  and taken through the whole 
p rocedure  of isolat ion and analys is  of the sur face  Ig. At the same  t ime,  the hypothesis  that there  is a c lass  of 
H chains with somewhat  g r e a t e r  mobil i ty  than the # chains was conf i rmed by the r e su l t s  of e lec t rophore t ic  
analys is  of reduced ant i -  X p rec ip i t a t e s  of lysa tes  of cel ls  f rom which the IgM s had f i r s t  been removed  by 
anti-/~ immunoPreeipi ta t ion.  As Fig. i f  shows, in expe r imen t s  c a r r i ed  out under  these conditions, H chains 
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s m a l l e r  in s ize  than ~ chains and which, under  o rd inary  conditions, were  par t ly  masked  by them, could be de-  
tected in 10% SDS gel. The r e su l t s  of ana lys i s  in 5% SDS gel show that the su r face  Ig which contained in i ts  
Composit ion this c lass  of heavy chains evidently had a s t ruc tu re  of the H2L ~ type and, under  these conditions, 
could not be separa ted  f r o m  IgM s (Fig. le).  

The r e su l t s  thus show that in addition to m o n o m e r i c  IgM, another  basic  c l a s s  of Ig is also p re sen t  on 
the sur face  of r a t  sp lenocytes ,  and the heavy chains of this second c lass  differ  in their  antigenic and phys ico-  
chemica l  p rope r t i e s  f rom ~ chains and their  mobil i ty in SDS gel is lower  than that of -y~, Y~a' and Y~b chains. 
This  Ig evidently does not belong to the IgA c lass  ei ther .  In fact,  as autoradiography shows-; IgA is found on 
an e x t r e m e l y  smal l  number  of r a t  spleen ce l l s  [14] whereas  the c lass  of Ig now descr ibed ,  according to rough 
calculat ions,  accounts for  at l eas t  20-30% of the total sur face  Ig isolated.  It is the re fore  per fec t ly  probable  
that this Ig found on the surface of lymphocytes is a new class of rat immunoglobulins not previously de- 
scr ibed .  This  p o s s i b i l i t y ' s  conf i rmed by resu l t s  showing that the number  of r a t  sp lenocytes  binding an t i -L  
antibodies is substant ia l ly  g r e a t e r  than the total number  of cel ls  binding anti-~,  an t i -y ,  and an t i - a  reagents  
[ 11, 14]. This  c l a s s  of Ig could be equivalent  to human IgD, found on the su r face  of a l a rge  number  of p e r i -  
phera l  blood lymphocytes  of newborn infants and adults  [6, 9]. IgD-l ike molecu les  with p r o p e r t i e s  s i m i l a r  to 
those descr ibed  in this paper  have also been found recent ly  on the sur face  of more  than 30% of Ig-pos i t ive  
mouse spleen cel ls  [ 1, 12]. These  molecules  have been shown to appear  during ant igen-independent  d i f fe ren-  
tiation of B lymphocytes  immedia te ly  a f te r  IgM [ 12], and that some of the cel ls  c a r r y  both c l a s s e s  of Ig [ 1]. 
The biological  impor tance  of the IgD-l ike r ecep to r  Ig for  the function and fur ther  different ia t ion of B lympho-  
cytes  is unknown. 

To conclude, the b iochemical  approach used in this invest igat ion has revea led  two basic  and, evidently,  
specia l ized types of immunoglobul ins  on the cy top lasmic  m e m b r a n e  of the lymphocytes  of normal  r a t s :  a 
monomer ic  IgM and an IgD-l ike Ig, and if they are  p resen t  in the se rum,  it is only in the fo rm of minor.~com- 
ponents. The d i scovery  of this IgG on the sur face  of lymphocytes  may be assoc ia ted  both with cytophilic p rop-  
e r t i e s  and with natural  antigenic s t imulat ion of the an imals  used. 

The authors a re  grateful  to R. S. Nezlin for providing the r a t  mye loma  immu:noglobulins, and to O. V. 
Rokhlin for valuable advice. 
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