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A critical stage in the induction of antibody responses is the interaction of antigen 
molecules with the surface receptors of immunocompetent cells. This interaction may 
result in either immunity, or its opposite, immune tolerance. The differences between 
the pattern of antigen binding to nonthymus-dependent lymphocytes (B cells) 1 in 
immunity and tolerance are not fully understood. Recently, attempts were made to 
study this problem in tissue culture, using dinitrophenylated polymeric flagellin 
(DNP POL) as antigen (1). The interaction of antigen molecules with cell membranes 
may be readily studied in dissociated lymphoid cell populations in vitro, where anti- 
gen concentrations are relatively uniform and catabolism negligible compared with tile 
situation in vivo (2). Furthermore, since tile response to DNP POL in vitro does not 
require the participation of either thymus-dependent lymphocytes (T cells) (1, 3) 
carrier-reactive cells, or macrophages (4, 5), only the pattern of reaction of DNP POL 
molecules with B cells determines the ensuing immunological events. I t  was found that 
the number of 2,4-dinitrophenyl (DNP) haptenic groups present per monomeric unit 
of the DNP POL molecule (i.e. the epitope density) dictated its capacity to induce 
either immunity or tolerance (1). Antigen molecules with few DNP groups immunized, 
but never induced tolerance, whereas highly conjugated DNP POL induced tolerance, 
but never immunity (1). Based on these observations, a mechanism of B celt signal 
discrimination between immunity and tolerance was proposed, based on the number 
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determinant; DNP HgG, dinitrophenylated human gamma globulin; DNP1,_,HgG, DNP 
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nitrophenylated polymeric flagellin; DRC, donkey red cells; FCS, fetal calf serum; HgG, 
human immunoglobulin G; SRC, sheep red cells; T cells, thymus-dependent lymphocytes. 
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of simultaneous reactions of antigenic determinants with B cell receptor molecules in 
a given region of the cell membrane. Many such interactions cause tolerance, whereas 
a smaller number causes immunity.  

T h e  p resen t  c o m m u n i c a t i o n  describes exper iments  in which  the  b inding  

reac t ion  of D N P  P O L  wi th  receptor  a n t i b o d y  molecules  was s tud ied  by  the 

use of o the r  D N P  compounds  as compe t i t i ve  inhibi tors .  B o t h  the  i m m u n o g e n i c  

m a n n e r  of b inding  of D N P  P O L  to B cells, and the  to le rance- induc ing  mecha -  

nism, were  s tud ied  using D N P  compounds  of v a r y i n g  va l ency  and molecu la r  

s t ruc ture .  These  studies h a v e  fu r the r  de l inea ted  differences be tween  the  

d y n a m i c  an t igen  receptor  in te rac t ions  in i m m u n i t y  and tolerance.  

Materials and Methods 

Mice.--CBA/H/Wehi mice aged 70-140 days were used for tissue culture. 
Tissue Culture.---The method described by Feldmann and Diener (57 was used. Eagle's 

minimal essential medium was obtained from Grand Island Biological Co., Grand Island, 
N. ¥. I t  was supplemented with 100/zg/ml of streptomycin, 100 units/ml of penicillin G, and 
5% fetal calf serum (FCS, Commonwealth Serum Laboratories, Melbourne, Australia). 
Cultures were placed in a humidified incubator at 37°C in a gas flow of 10% CO~, and either 
7 or 20% 02 in N2 for 3, 4, or 5 days. Since similar relative results were obtained at all these 
times, only the results of assays at day 4 are shown. Spleen cell suspensions were prepared as 
described elsewhere (3). 

Ant~,ens.--DNP POL was prepared using polymeric flagellin from Salmonella adelaide. A 
Cohn fraction II  human gamma globulin (HgG7 preparation was obtained from Common- 
wealth Serum Laboratories, and further purified by batch extraction on diethylaminoethyl 
cellulose (6). I t  was dinitrophenylated by the method of Eisen (7). ~-2,4-DNP-L-lysine (DNP 
lysine) was obtained from Mann Research Laboratories, Inc., New York. "Dansyl" chloride 
(5-dimethylamino-l-naphthalene sulfonyl chloride) was obtained from Calbiochem, Sydney. 
Dansyl proteins were prepared by the method of Paul et al. (8). 

Donkey red cells (DRC) were stored in Alsever's solution for 1 wk before use. 
Enumeration of Antibody-Forming Cells.--Cells forming antibody (AFC7 to sheep red cells 

(SRC), DRC, or DNP were detected using the method of Cunningham and Szenberg (9). The 
number of AFC to DNP was determined by the separate assay of 0.1-ml aliquots of the cul- 
tured cell suspension with both SRC and SRC coated with rabbit anti-SRC Fab p conjugated 
with DNP (107. 

Thymectomy.--Adult thymectomy was performed as described by Miller (11). Irradiation 
and bone marrow reconstitution was performed as described elsewhere (3)- The resultant mice 
(adult thymectomized, irradiated, and bone marrow-protected mice [ATXBM]) were used as 
described previously (3). 

Macrophage Depleliom--The active adherence column technique of Shortman et al. (12) 
was used, which provides a lymphocyte preparation extensively depleted of phagocytic cells. 

RESULTS 

Inhibition of the Ant i -DNP Response to D N P  POL In Vilro.--Since D N P  

P O L  immunizes  B cells d i rec t ly  in the  absence of he lper  cells (1, 3, 4), the  

m e c h a n i s m  of b inding  of this an t igen  molecule  to B cell receptors  bears m u c h  

more  re levance  to the ac tual  m e c h a n i s m  of B cell i m m u n i z a t i o n  than  is the 

case wi th  ant igens  whose  an t i body  responses require  the  pa r t i c ipa t ion  of helper  
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cells, such as T ceils and macrophages. Since the antibody response to a de- 
fined haptenic determinant is being measured, it is possible that nonimmuno- 
genic forms of the same determinant may competitively inhibit the binding 
of DNP POL which immunizes B cells. DNP compounds of varying valency 
and physical structure were used as competitive inhibitors of the anti-DNP 
response. As univalent (one DNP) DNP compounds, e-2,4-DNP-L-lysine and a 
preparation of dinitrophenylated human gamma globulin (DNP HgG) con- 
taining an average of 0.3 mole DNP/mole  of HgG were used. Poisson analysis 
shows that there would be only 4% of DNP HgG molecules with more than 
one DNP group. Multivalent DNP HgG with 12 moles DNP/mole  of HgG 
(DNP12HgG) was used as a DNP compound of approximately the same 
diameter as the receptor on B cells, a monomeric IgM molecule (13). Non- 
immunogenic DNP3POL (1) was employed as a multivalent and polymeric 
DNP compound. 

Since these compounds do not induce anti-DNP responses in unprimed spleen 
cells in vitro, (unpublished data and reference 1), they can be used as competi- 
tive inhibitors. However, rather than acting as competitive inhibitors, it was 
possible that these agents may inhibit the response to DNP POL by inducing 
tolerance. I t  was thus necessary to investigate the capacity of these D N P  
compounds to induce DNP-specific B cell tolerance. A 6 hr preincubation at 
37°C, as employed in studying B cell tolerance to POL (14), was used. The 
results shown in Fig. 1 demonstrate that  neither DNP lysine, DNP0.3HgG, 
nor DNP12HgG, even at high concentrations, induce B cell tolerance under 
these conditions, unlike DNP3POL which induces tolerance at concentrations 
of 10 #g/ml or higher. The slight diminution of responsiveness with 10 -3 M 
DNP lysine, or 10 -4 M DNP HgG were not specific since a similar partial 
suppression of the DRC response occurred in the same cultures. 

The capacity of the four DNP compounds to inhibit the anti-DNP response 
of normal CBA spleen cells to 100 ng/ml DNP1POL was investigated. The 
pooled data from nine experiments adjusted to percentages are shown in Fig. 2. 
DNP lysine and DNP0.3HgG were weak inhibitors, since high concentrations 
(3 8 X 10 -(~ M) were needed to cause a 50% inhibition of the ant i -DNP re- 
sponse to DNP1POL. DNPx2HgG was a much more efficient inhibitor, since 
only 3 X 10 -8 M was needed for 50% inhibition. An even more efficient in- 
hibitor was DNP3POL (2 X 10 -9 M for 50 % inhibition). 

These experiments indicated that the structure and valency of the DNP 
compound was important in determining its capacity to inhibit the ant i-DNP 
response of spleen cells to DNP1POL, with univalent compounds being rela- 
tively inefficient compared with multivalent compounds. Although the pres- 
ence of multiple determinants, permitting the formation of much more stable 
multiple bonds to DNP- specific receptors, was the most obvious reason for 
the markedly different inhibitory capacity of DNP3POL or DNPr,  HgG, there 
were other possible reasons. For example, it was conceivable that DNP0.3HgG 
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or D N P  lysine may bind to T cells or phagocytes in the spleen cell suspensions 
much more than DNP12HgG or DNP3POL do. To exclude this possibility, 
competitive inhibit ion experiments as outlined above were performed using 
T-depleted spleen cell populations (ATXB1V[ spleen) or macrophage-depleted 
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FIG. 1. Capacity of DN-P compounds to rapidly induce tolerance at 37°C in vitro. 
A, DNP lysine; Q, DNP12HgG; O, DNPaPOL. Data pooled from four experiments. Each 
value represents arithmetic mean of six to eight cultures 4- standard error of the mean. 
The response to DRC was monitored throughout and was normal except for the very high- 
est concentrations of DNP lysine or DNP HgG. 
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FIG. 2. Inhibition of the anti-DNP response to DNPIPOL. Inhibitors were added before 
the immunogen and were present for the 4 day duration of culture. The response to DRC in 
all the cultures was normal. Data pooled from nine experiments. Each value represents 
arithmetic mean of 12-24 cultures 4- standard error of the mean. e ,  DNP lysine; 
O, DNP3HgG; D, DNP12HgG; A, DNP3POL. 

suspensions (adherence column filtrate) from CBA spleen. Table I demon- 
strates tha t  neither T cell or macrophage depletion influenced the results, 
indicating that  the binding of D N P  compounds to cells other than B cells 
could not  have been the reason for the variations in blocking capacity. 

The culture medium used for in vitro culture contains 5 % FCS. Thus  it 
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contains 1-2 mg/ml  of bovine serum albumin. Since albumin molecules are 
known to bind D N P  conjugates (15), it was possible that  some of the differ- 
ence in inhibitory efficiency of different D N P  conjugates may  reside in varying 
degrees of binding to the serum albumin in the culture medium. Thus the 
competitive inhibition experiments were performed in a serum-free medium. 
These experiments were rendered possible by the capacity of D N P  POL to 
immunize mouse spleen cells rapidly at 4°C (16). Thus various concentrations 
of the D N P  inhibitors were added to chilled and washed normal spleen cells 
in serum-free medium, 30 rain before the addition of the immunogen. 2 hr 
later the cells were washed in normal medium and cultured without the addi- 
tion of any further D N P  antigen, but with DRC as a control for the function 
of the cells. The pooled results of these experiments are shown in Fig. 3. The 

TABLE I 
Competitive Inhibition o[ the Anti-DNP Response in T- and Macrophage-Depleted Spleen Cell 

Populations 

Cells 
Concentration of D N P  conjugates giving 50% inhibition 

DNP lysine DNP0.3HgG I)NPI2 HgG DNP3POL 

M M M M 

Normal spleen 8 )< 10 -8 3 X 10 -6 3 X 10 -8 2 X 10 -9 
T-depleted spleen 7 X 10 -~ 2 )< 10 -~ 3 )< 10 -s 2 X 10 -9 
Macrophage-depleted spleen 8 X 10 -6 3 X 10 --~ 2 X 10 -s 3 X 10 -9 

Values are the averages of three experiments, in which the 50% end point was determined 
by visual estimation of the inhibition curves. T-depleted spleen cells came from ATXBM 
nfice and macrophage-depleted spleen cells were obtained by glass bead column filtration (12). 

same marked difference between the blocking capacity of monovalent and 
muttivalent D N P  conjugates was found as described in Fig. 2. However, if 
the competitive inhibition experiments were performed at 4°C rather than 37°C 
the difference between DNP12HgG and DNP3POL was much less apparent. 

Highly conjugated D N P  proteins tend to aggregate (7). I t  was possible that  
the difference between the inhibitory capacities of DNP0.3HgG and DNPI~HgG 
may  have been due to the aggregation of the latter conjugate perhaps forming a 
linear molecular aggregate resembling polymeric flagellin. This possibility 
was tested using dansyl conjugates of HgG which also aggregate. A prepara- 
tion of DNP0.3dansylsHgG was weakly inhibitory (Table I I) ,  excluding aggre- 
gation of the competitive inhibitors as a major influence on the inhibitory 
capacity of D N P  HgG. 

Inhibition of DNP-Specific B Cell Tolerance.--While it has been previously 
ascertained that  immunity to D N P  POL did not require the presence of cells 
other than B lymphocytes (1), the requirement for T cells in the induction of 
tolerance in vitro to D N P  POL was not known. The induction of tolerance in 
normal CBA and A T X B M  spleen was thus compared. Incubation of either 
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A T X B M  or normal  spleen with 100 # g / m l  of DNP3POL for 5½ hr  at  37°C in- 
duced DNP-specif ic  tolerance (Table I I I ) .  Thus only the react ion of DNP3POL 
with the B cells surface influences the induction of B cell tolerance, and i t  was 
therefore possible to use D N P  conjugates to invest igate the mechanism of 
binding of antigen molecules to the B cell membrane  in tolerance wi thout  the 
need to consider the interact ions of antigen with other cells. 
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FIG. 3. Inhibition of the anti-DNP response to DNP1POL. The inhibitors and immunogen 
were present for only 2-2~ hr at 4°C. Period of culture was 4 days. 0 ,  DNP lysine; 
[], DNP]2HgG; A, DNP3POL. Data pooled from three experiments. Each value represents 
arithmetic mean of 4-12 cultures 4- standard error of the mean. 

TABLE II 
Rdative Capacity of Mixed DNP Dansyl Conjugates to Inhibit Anti-DNP Responses 

Conjugate Concentration giving 50% inhibition 

M 

DNP0.3HgG 3 )< 10 -6 
DNP0.3dansylsHgG 2 ;< 10 -6 
DNP~HgG 3 X 10 -s  

Data pooled from three experiments was plotted, and line of best fit visually estimated to 
yield a 50% endpoint. DansylsHgG did not inhibit the anti-DNP response at nontoxic 
concentrations. 

The  results in Fig. 1 indicate tha t  nei ther  D N P  lysine, DNP0.3HgG, nor 
DNP12HgG induce tolerance to D N P  in vi t ro under  conditions where DNP3POL 
does. DNP1POL, regardless of concentration,  does not  induce tolerance (1). 
Thus  these compounds were nontolerogenic and could be used to inhibit  the 
induction of tolerance. Various concentrat ions of inhibitors were added to 
normal  spleen cells a t  4°C, 30 min before the addi t ion of 20 #g /ml  DNPaPOL.  
The  cells were incubated for 6 hr a t  37°C before being washed and challenged 
with 100 ng /ml  DNP1POL in vitro.  Fig. 4 i l lustrates the pooled results ob- 
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tained in four experiments. These have been standardized so that the partially 
tolerant state, which ranged from 10-20% of the optimal response to DNP 
POL, was taken as zero, and the normal response as 100%. Neither DNP 
lysine, DNP0.3HgG, nor DNP12HgG blocked the induction of tolerance; 
whereas DNPxPOL at DNP concentrations of more than 10 -~ ~ prevented 
the induction of tolerance. The concentration of flagellin in DNP1POL required 
to inhibit tolerance by 50 To was approximately the same as in the DNP3POL 
tolerogen. 

TABLE III  

Induction of B Cell Tolerance in T-Depleted Spleen Cells 

Cells Incubation 
Antibody response 

(AFC/culture :t= sE) 

DNP DRC 

Normal No antigen 840 4- 120 2860 -4- 105 
100 ~g/ml DNPsPOL 110 4- 50 2420 4- 260 

ATXBM No antigen 730 4- 210 105 4- 30 
100 #g/ml DNP3POL 130 -4- 45 160 4- 70 

Either normal or ATXBM spleen cells were incubated for 51/6 hr at  37°C as indicated 
above, washed twice through FCS, and cultured with 3 X 106 DRC and 100 ng of DNPIPOL 
for 4 days. Each value represents the arithmetic mean of four cultures 4- the standard error 
of the mean. Four other similar experiments confirmed these results. 
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FIG. 4. Inhibition of the induction of DNP-specific B cell tolerance to DNP3POL. 
©, DNP lysine; A,  DNP12HgG or DNPsHgG; 0 ,  DNP1POL. Data pooled from six ex- 
periments. Each value represented the arithmetic mean of 12-24 cultures 4- standard error 
of the mean. 

DISCUSSION 

Cultures of dissociated lymphoid cells provide a uniform antigenic environ- 
ment for studying the kinetics of the interaction of cell membrane receptors 
with antigenic determinants. Using DNP POL, an antigen which immunizes 
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B cells directly (1, 3, 4), the initial key event in the stimulation antibody pro- 
duction is its reaction with B cell receptors. With this antigen complications 
due to involvement of T cells or macrophages are circumvented. 

Since the B cell precursor of DNP-specific AFC possesses receptors which 
recognize the DNP determinant, only DNP compounds would react with 
these receptors. Thus it was possible to use DNP conjugates to investigate the 
nature of the binding of DNP POL to B cell receptors in immune induction. 
Compounds which bind to DNP receptors may inhibit anti-DNP antibody pro- 
duction by various means, either by inducing tolerance (1), receptor modula- 
tion (17), or by irreversible (18-19) or reversible (20°22) occupation of the 
receptor site, thereby preventing immunization. I t  was thus necessary to in- 
vestigate the immunological properties of the DNP compounds to be used as 
inhibitors of the immune response. I t  was found that neither DNP lysine 2 nor 
DNP HgG 2 induced tolerance within 6 hr at 37°C at nontoxic doses (Fig. 1), 
unlike DNPsPOL. These agents have been previously reported to be non- 
immunogenic and thus could be used as competitive inhibitors of the response 
to DNPIPOL. Fig. 2 demonstrates that DNP lysine, DNP HgG, and DNPsPOL 
at the appropriate concentrations inhibited anti-DNP responses to DNP1POL. 
This suppression may have been due to true competitive inhibition for receptor 
sites, but other interpretations were possible. The first possibility is that a 
state of partial tolerance may be slowly induced by DNP lysine, or DNP 
HgG if they are present in culture for prolonged periods of time. To circum- 
vent this and other difficulties, the competitive inhibition experiments were 
modified. The DNP inhibitors, and the immunogen were only present for a 
brief period of time (2-21/4 hr), in the cold (004°C), conditions under which B 
cell tolerance is much less likely to occur (5, 14). These modifications were 
possible since brief incubation with DNP POL immunizes spleen cells (16). 
The experiments of brief duration (Fig. 3) more truly resemble competitive 
inhibition studies as applied to enzyme reactions than the longer term experi- 
ments (Fig. 2). Despite the differences in experimental design, the results were 
essentially similar. 

Recently Taylor et al. (17) made the important observation that the locali- 
zation of membrane immunologlobulin is dynamic, varying with experimental 
conditions. Highly conjugated DNP proteins could, like anti-immunoglobulin 
sera, cause the receptors to aggregate at one pole of the lymphocyte forming 
"caps," with subsequent pinocytosis of receptors. The above membrane re- 
arrangements involved metabolic processes, as they did not occur at 4°C 
or in the presence of metabolic poisons. Cap formation and subsequent pinocy- 

2 It should be noted that the failure of monovalent DNP compounds to induce B cell 
tolerance, in conditions where DNP3POL does, excludes the proposed mechanism of signal 
discrimination of Brestcher and Cohn (23). They had suggested that interaction with one 
combining site of a receptor antibody molecule mediated tolerance, whereas interaction with 
both combining sites initiated immunity. 
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tosis may have explained the immune inhibition caused by DNP12HgG or 
DNPyPOL at 37°C, but not at 4°C or by DNP lysine or DNP0 aHgG at any 
temperature. Thus the results obtained in Fig. 3 were not due to tolerance, or 
receptor modulation, and hence were due to competitive inhibition of the 
binding of, and subsequent response to, DNP1POL. 

The number of DNP groups present per molecule of inhibitor (or its 
"valency") markedly, influenced their capacity to act as inhibitors. Monovalent 
compounds such as DNP lysine and DNP0aHgG inhibited the response to 
DNP1POL very poorly compared with multivalent DNP12HgG or DNPaPOL 
(Figs. 2 and 3). There were several possible reasons for this difference. The 
possibilities of tolerance induction or cap formation (17) by multivalent con- 
jugates have already been discussed and excluded by the results shown in 
Fig. 3. Aggregation of multivalent conjugates of DNPr.,HgG, perhaps yielding 
tolerogenic aggregates was excluded as an important factor by the use of 
mixed DNP dansyl conjugates, which also have a tendency to aggregate 
(Table II). Differences in the degree of binding of different DNP compounds 
to the serum albumin present in the normal culture medium was demonstrated 
not to be a factor of importance since virtually identical results were obtained 
when all the DNP conjugates only interacted with cells in serum-free medium 
(Fig. 3). Thus the marked difference (100-1000-fold) in inhibitory capacity of 
multivalent compared with monovalent conjugates was due to the formation of 
multiple antigen-receptor bonds, in keeping with the well-known far greater 
association of bivalent antibody (such as the B cell receptor) for multivalent 
antigens (24). 

The possible modes of binding of the DNP compounds used are represented 
in Fig. 5. The far greater inhibitory capacity of DNPv.HgG than DNP0.aHgG, 
due to the formation of two bonds to surface receptors, could be due to the 
formation of bonds with both combining sites of a single B cell receptor anti- 
body molecule. This interpretation seems much more probable than the 
alternative, of two bonds to adjacent receptors, since the diameter of DNP 
HgG can only be about the same as that of receptor antibody molecule. 

DNPaPOL was a more efficient inhibitor of the response to DNP1POL 
than was DNP12HgG (Figs. 2 and 3), indicating that its mechanism of binding 
differed from DNP12HgG. Since DNP12HgG makes two bonds to combining 
sites, DNPaPOL must make more bonds, at least three. Thus dinitrophenylated 
polymeric flagellin makes bonds with more than one receptor antibody mole- 
cule (see below). 

Thus data presented here, taken together with prior results (1, 3, 4), may be 
fitted into a mechanism of receptor antibody-antigen interaction which directly 
immunizes B cells. The first conclusion is that an antigen rnolecule must bind 
to both combining sites of a receptor antibody molecule, greatly increasing 
binding efficiency. This is the most likely explanation for the difference be- 
tween the capacities of monovalent and multivalent DNP HgG to inhibit the 
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antibody response. If this occurs, then the receptor antibody molecule would 
be "stretched" causing conformational changes in the invariant part of the 
receptor, which may, as Bretscher and Cohn (23, 25) have pointed out, be a 
convenient method of signal transmission from the cell membrane, initiating 
antibody production. 

The second conclusion is that B cells are not immunized by interactions at 
a single molecule of receptor antibody. This conclusion is based chiefly on the 
nonimmunogenicity of DNP12HgG in normal spleen cells (1), and correlates 
well with the described pattern of binding of these molecules to B rosette- 
forming cells (16), where DNP HgG, but not DNP POL, is rapidly lost from 
the cell surface at 37°C. The basis for the elution of DNP HgG from the B 
cell surface at 37°C is the rapid turnover of B cell receptors, recently discovered 
by Wilson, Nossal, and Lewis (26) and Cone et al. (27). This rapid turnover of 

DNPo. 3 HGG DNPI2 HGG 
DNP LYSINE DNP~ POL 

Fie. 5. Possible modes of interaction of DNP lysine, DNP HgG, and DNP3POL with 
surface receptors of B cells. Note the situations with DNP12HgG. Two modes of interaction 
may occur different from that which occurs with DNP0.~HgG. The most likely of the two 
possible interactions are two bonds with the one receptor antibody molecule. 

cell receptors induces a kinetic component into models of antigen-receptor 
interaction in immunity or tolerance. If it is assumed that receptors are ran- 
domly released from the membrane, then the essential multipoint binding to 
the B cell surface may partly reflect the requirement for an adequate duration 
of antigen-receptor interaction for an immunological "signal" to induce the 
biochemical changes of immunity. 

The mechanism of antigen binding to DNP-reactive B cells in the process 
of tolerance induction was also investigated using DNP conjugates. To study 
antigen binding in tolerance, nontolerogenic DNP conjugates were used (Fig. 1). 
Of the conjugates used, only DNP1POL inhibited the induction of tolerance, 
whereas DNP lysine, DNP0.3HgG, and DNP12HgG did not. This contrasts with 
the results obtained in studying immune induction (Figs. 2 and 3), where all 
these conjugates were effective, and implies that a tolerance-inducing antigen 
must bind more avidly to B cell membranes than an immunogen. Since it 
has already been demonstrated that multiple simultaneous bonds between 
several antigenic determinants and cell-bound receptor antibody molecules 
are necessary for immunization, a greater density of such interactions must 
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occur in the induction of tolerance. The rapid turnover of B cell receptors at 
37°C, with the consequent loss of DNP,2HgG from the cell surface, seems the 
most  likely reason for the incapacity of DNP~2HgG to either induce B cell 
tolerance itself within 6 hr, or to prevent the induction of B cell tolerance. 
Cap formation and pinocytosis of receptors, which according to the studies 
of Taylor  et al. (17) should occur with DNP12HgG and D N P  POL, cannot be 
the explanation for the inhibition of tolerance, as the former was ineffective. 

The data presented in this communication fits in well with the model of B 
cell signal discrimination proposed recently based on the very different ira- 

IMMUNITY TOLERANCE 

N / COMPLEXES OF T ~ / 
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ANTIGEN ANTIBODY COMPLEXE5 
INDUCE TOLERANCE 

FIG. 6. Representation of the mechanism of B cell signal discrimination, based on the 
epitope density and competitive inhibition data obtained using DNP POL. Note that the 
lattice of DNP determinants on immunogenic DNP POL may resemble the lattice of T cell 
IgM-antigen bound on the macrophage surface, as occurs in thymus-dependent responses. 
Similarly, the surface of antigenic determinants on tolerogenic DNP3POL resembles that 
which may be formed by complexes of antibody and antigen. It is theoretically possible that 
T cells may mediate tolerance by the release of complexes of T cell momeric IgM and antigen. 

munological effects of high or low conjugates of D N P  POL (1). This model is 
summarized in Fig. 6. The critical difference between the signals for immunity  
and tolerance is that  many more interactions in a given region of the cell 
surface are required for tolerance. If  enough receptors in a given area are not 
reacting with antigenic determinants, tolerance does not occur. This mechanism 
of signal discrimination in B cells fits in well with the mechanism of B cell 
immunization with th)lnus-dependent antigens. I t  has recently been found 
that  T / B  lymphocyte cooperation is mediated by a subcellular component 
(28, 29), which binds to the surface of macrophages (30). This cooperative factor 
contains antigen (30) and thus it could yield a surface or matrix of antigenic de- 
terminants resembling D N P  POL, which then immunizes B cells. Furthermore 
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the spacing of the antigenic determinants on the surface of cooperating macro- 
phages may be such that ilmnunity is the only possible immunological conse- 
quence, as is the case with DNP1POL which cannot induce tolerance (1). 
This model of B cell signal discrimination is also compatible with the induction 
of antibody-mediated tolerance in vitro (31), with mixtures of antigen and 
antibody in the zone of slight antigen excess. I t  also proposes (Fig. 6) a specu- 
lative model for the mediation of tolerance by T cells (32), by complexes of 
antigen and bivalent T cell receptor immunoglobulin. 

SUMMARY 

The capacity of dissociated spleen cell suspensions to be immunized by 
dinitrophenylated polymeric flagellin (DNP POL), in the absence of thymus- 
dependent lymphocytes or macrophages, provided a simple experimental 
system to investigate the mechanism of binding of antigen molecules to non- 
thymus-dependent lymphocyte (B cell) receptors during the induction of im- 
munity or tolerance. Various nonimmunogenic DNP compounds were used to 
inhibit the anti-DNP response to DNP POL. By performing inhibition experi- 
ments of brief duration at 4°C, it was established that the inhibition of the anti= 
DNP response by nonimmunogenic compounds was due to competitive blockade 
of receptors, and not tolerance or receptor modulation. It was found that uni- 
valent DNP compounds were much less efficient inhibitors of the antibody re- 
sponse than multivalent DNP conjugates. The difference in inhibitory capacity 
between univalent and multivalent DNP human globulin (DNP HgG) suggested 
the importance of interaction with both combining sites of a single receptor 
antibody molecule. Nonimmunogenic highly conjugated DNP3POL was a 
more efficient inhibitor of the anti-DNP response to immunogenic DNP1POL 
than DNP12HgG, indicating that interactions at more than one receptor mole- 
cule are involved in immunization of B cells. Recent demonstrations of the 
rapid metabolic turnover of receptor antibody molecules suggests that the 
requirement for multipoint binding (to different receptors) may simply be to 
maintain the antigen at the cell surface in a dynamic system. 

Competitive inhibition experiments were also performed to investigate the 
mechanism of binding of DNP3POL in the induction of B cell tolerance. I t  
was found that monovalent DNP compounds or multivalent DNP12HgG did 
not prevent the induction of tolerance, unlike their capacity to inhibit im- 
munity, suggesting that a tolerance-inducing antigen binds more avidly to the 
cell membrane than an immunogen. The inhibition data obtained here, to- 
gether with prior results describing the differential immunogenicity of DNP 
conjugates of different structure, and the importance of epitope density on 
DNP POL conjugates, permit certain conclusions about the details of antigen- 
receptor interaction in immunity and tolerance. Distinctions between the 
mechanisms of immune and tolerance induction are discussed. 
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