even among antigen-binding cells after hy-
perimmunization, let alone in B cells from
unimmunized animals. Even if the unstudied
80% idiotype-positive cells were devoid of
mutations, the overall frequency would still
be close to 1%.

With a standard enzyme-linked immu-
nosorbent assay (ELISA), we determined the
concentrations of various Ig isotypes in the
sera of QM and control mice (Table 1). As
expected, B cells in the QM mouse can and do
switch from IgM to other isotypes. The data in
Table 1 also provide clues to the origin of
serum Ig in unimmunized animals, one of the
oldest unsolved problems in immunology. If
network interactions among surface receptors
(17) were necessary to produce serum lg, its
concentration should be low in QM mice.
However, QM mice tended to have higher
concentrations of the various isotypes, espe-
cially IgG2a and IgA, than did control ani-
mals housed under the same conditions. QM
mice 5 and 6 were mildly and highly hyper-
gammaglobulinemic, respectively. Less than
half the IgM and none of the other isotypes
tested bound NP, confirming the flow cyto-
metric data showing that monospecificity
evolves into diversity in these mice. Cells
with mutant receptors appear to be preferen-
tially expanded and switched. We can also
exclude a simple stochastic model in which
serum Ig would be a consequence of random
activation of a_small fraction of B cells. Such
a model would predict that the fraction of
serum lg that binds NP would reflect the
fraction of B lymphocytes that bind NP. Al-
though the B cell content of the entire mouse
was not surveyed, most B lymphocytes in pe-
ripheral blood and spleen bind NP, and thus
the stochastic model would predict that most
of the serum Ig would bind NP. In summary,
we can rule out a purely network model and a
purely random stochastic model for the origin
of serum Ig. Although serum Ig represents a
record of previous antigenic exposure, some
type of homeostatic control must also play a
role.
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Identification of MAP Kinase Domains by
Redirecting Stress Signals into Growth Factor
Responses

Anne Brunet and Jacques Pouysségur

Mitogen-activated protein kinase (MAPK) cascades, termed MAPK modules, channel
extracellular signals into specific cellular responses. Chimeric molecules were con-
structed between p38 and p44 MAPKs, which transduce stress and growth factor
signals, respectively. A discrete region of 40 residues located in the amino-terminal
p38MAPK lobe directed the specificity of response to extracellular signals, whereas the
carboxyl-terminal half of the molecule specified substrate recognition. One p38-
p44MAPK chimera, expressed in vivo, redirected stress signals into early mitogenic
responses, demonstrating the functional independence of these domains.

MAP kinases form a large family of serine-
threonine protein kinases activated by sep-
arate cascades conserved through evolution
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(I). In mammalian cells, three distinct
MAPK cascades have been identified: p42-
p44 MAPKs (2), p38 MAPK (3, 4), and
p46-p54 JNKs (5). Activation of p42-p44
MAPKSs constitutes a crucial step in the
pathway mediating cell proliferation in re-




