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Association of B Cell Antigen Receptor with
Protein Tyrosine Kinase Lyn

Yuj1 YAMANASHI, TERUTAKA KAKIUCHI, JUNICHIRO MIZUGUCHI,
TapasH1 YAMAMOTO,* KuMao ToyosHIMAT

Antigen is thought to cross-link membrane-bound immunoglobulins (Igs) of B cells,
causing proliferation and differentiation or the inhibition of growth. Protein tyrosine
kinases are probably involved in signal transduction for cell proliferation and differ-
entiation. The Src-like protein tyrosine kinase Lyn is expressed preferentially in B cells.
The Lyn protein and its kinase activity could be coimmunoprecipitated with IgM from
detergent lysates. Cross-linking of membrane-bound IgM induced a rapid increase in
tyrosine phosphorylation of at least ten distinct proteins of B cells. Thus, Lyn is
physically associated with membrane-bound IgM, and is suggested to participate in

antigen-mediated signal transduction.

CELLS HAVE MEMBRANE-BOUND

immunoglobulins (mlgs) on their

surface, which are receptors for spe-
cific antigens. Cross-linking of the mlgs of
resting B cells by antigens or antibodies to
Ig generally activates B cells to enter the G,
phase of the cell cycle, in which they become
susceptible to proliferative signals provided
by helper T cells (1, 2). Cross-linking can
also cause B cell tolerance, by inhibiting
growth of immature and mature B cells (3).
These responses are preceded by phosphati-
dylinositol (PI) turnover, activation of pro-
tein kinase C, and Ca?" mobilization (2, 4,
5), which are apparently dependent on the
function of GTP-binding proteins (G pro-
teins) (6). Because B cell antigen receptors
have few cytoplasmic amino acids (7), mIgs
might be associated with other signal trans-
ducing molecules. mIgM and mIgD associ-
ate with at least three sets of polypeptide
chains at the plasma membrane (8). How-
ever, the molecular mechanisms by which
the mlgs transmit signals intracellularly have
not yet been elucidated, partly because no
catalytic molecules associated with mlIgs are
identified.

Protein tyrosine kinases probably partici-
pate in signal transduction systems that con-
trol cell proliferation and differentiation (9,
10). Protein tyrosine kinases can be divided
into receptor-type kinases and nonreceptor-
type kinases (or Src-like kinases). The Src-
like kinases are generally associated with the
internal portion of the plasma membrane
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and have no extracellular or transmembrane
sequences (10). Thus, Src-like kinases may
act as signal transducers in association with
surface receptors that lack an intracellular
catalytic domain. The T lymphocyte—specific
Src-like kinase p56'* is physically and func-
tionally associated with the T cell surface
antigens CD4 and CD8 (11). Possible in-
volvement of protein tyrosine kinases in B
cell activation is suggested by the observa-
tion that antibody to CD45, a membrane-
bound phosphotyrosine phosphatase, inhib-
its anti-IgM—induced proliferation of B cells
(12, 13). The lyn gene product is an Lck-like
protein tyrosine kinase that is preferentially
expressed in B cells, but not T cells (14, 15).
Our present study with antibodies to Lyn
suggests that the Lyn protein is physically
associated with mIgM in B cells and func-
tions in migM-mediated signaling.

WEHI-231 cells are murine B cell line
that carry mIgM (5, 16). These B cells
behave as normal B cells in terms of initial
biochemical events such as PI turnover and
Ca*>* mobilization after mIgM cross-linking
(5). This suggests that these cells possess a
proper signal transduction system for early
responses to mIgM cross-linking. To deter-
mine if the Lyn protein is physically associ-
ated with mIgM, we examined immunopre-
cipitates of IgM from detergent (digitonin)
lysates of WEHI-231" cells by immunoblot-
ting with antibodies to Lyn (anti-Lyn),
which were affinity-purified from antiserum
(15) (Fig. 1A). Both forms of Lyn, p56'"
and p53"" (17), were coimmunoprecipi-
tated with IgM, but not with the class I nor
class II major histocompatibility complex
(MHC) molecules. No Lyn protein was
detected in anti-IgM immunoprecipitates
from digitonin lysates of A-20 cells, which
do not express mIgM. Faint and broad
bands detected in each precipitate were from
the antibody solutions used for the immu-
noprecipitation (18). These data support the
conclusion that the Lyn protein is physically
associated with mIgM in B cells.
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Densitometric analysis of the results (Fig.
1A, lanes 1 and 2) revealed that the recov-
eries of p56"" and p53"" in anti-IgM im-
munoprecipitates were low (1 to 2%)(19).
We could not detect the Lyn protein in
anti-IgM immunoprecipitates from Nonidet
P-40 (NP40) lysates of WEHI-231 cells
(18), whereas many other protein associa-
tions have been detected in NP40 lysates of
cells. As NP40 is a stronger detergent than
digitonin (20), the affinity of Lyn for mIgM
is probably low. However, it is unlikely that
only 1 to 2% of p56”" is associated with
mIgM in vivo, because at least 50% of
p56'"" was comodulated with mIgM after
cross-linking of mIgM (18). Thus, it is
difficult to determine what fraction of the
Lyn protein is mIgM-associated by coim-
munoprecipitation analysis.

WEHI-231 cells produce two types of
chains; only the membrane (um), not the
soluble (ps), IgM p chains were significantly
coimmunoprecipitated with the Lyn protein
by anti-Lyn (Fig. 1B). The um chain was
not detected in MHC class I immunopre-
cipitates or in anti-Lyn solutions after
immunoprecipitation. Control rabbit anti-
bodies did not precipitate the um polypep-
tide (18). The two forms of s might repre-
sent heterogeneous glycosylation of the s
polypeptide (21), and we confirmed that the
upper band comigrated with the heavy chain
of secreted IgM in SDS—polyacrylamide gel
electrophoresis (PAGE) analysis (18). Thus,
the Lyn protein is associated with mIgM.

We then evaluated the kinase activity in
anti-IgM immunoprecipitates from digito-
nin lysates of WEHI-231 cells by an in vitro
kinase assay (Fig. 2). Two species of phos-
phorylated proteins (pp56 and pp53) comi-
grated with the autophosphorylated Lyn
protein in anti-IgM - immunoprecipitates.
However, no corresponding phosphopro-
tein was detected in anti—lass I nor anti-
class II MHC immunoprecipitates. To verify
that pp56 and pp53 are the phosphorylated
Lyn proteins, we did reimmunoprecipita-
tion experiments. After the in vitro phos-
phorylation of the anti-IgM immunopre-
cipitates, the immune complex was
incubated in solubilizing buffer (22) to dis-
sociate the proteins of the mIgM complex.
The reextracted proteins were then reimmu-
noprecipitated with anti-Lyn. The phospho-
rylated p56'" and p53"" were detected spe-
cifically in anti-IgM, but not in anti—class I
nor anti—class II MHC immunoprecipitates
(Fig. 2B). Moreover, the intensities of phos-
phorylation of the pp56 and pp53 (Fig. 2A,
lane 3) and those of reimmunoprecipitated
p56"" and p53'" (Fig. 2B, lane 2) were
about 1% of those of p56'" and p53'r" (Fig.
2A, lane 2, and Fig. 2B, lane 1) immuno-
precipitated with anti-Lyn(19). These data
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further indicate that p56" and p53'" are
associated with mIgM.

We reimmunoprecipitated the tyrosine
phosphorylated proteins with an antibody

to phosphotyrosine (23) after in vitro phos-
phorylation of ant-IgM immunoprecipi-
tates (Fig. 2C). In addition to autophospho-
rylated p56"" and p53"r", at least four

Fig. 1. Coimmunoprecipitation A W-231 B

of p56"" and p53"" with A-20 AR Ay 00,

mIgM. Growing cells (1 x 107)
were collected by centrifugation
and suspended at 0°C for 30
min in 1 ml of lysis buffer [1%
digitonin, 10 mM triethanola-
mine, 150 mM NaCl, 10 mM
iodoacetoamide, 1 mM EDTA,
aprotinin (10 pg/ml), pH 7.8]
(20). The lysate was centrifuged ’ E
and the supernatant incubated )

with excess protein G-Sepharose. Samples of the cleared lysate were incubated with various monoclonal
antibodies (MAbs) or anti-Lyn and the immune comglcm were precipitated with protein G-Sepha-
rose. The immunoprecipitates were washed with lysis buffer, suspended in sample buffer, denatured by
boiling, and then tested for Lyn protein or p chain by immunoblotting (15). (A) Lyn protein in
anti-IgM immunoprecipitates. Immunoprecipitates from the lysates of WEHI-231 cells (lanes 2 to 4)
and A-20 cells (lane 5) (1 x 107 cells per lane) were examined for the presence of Lyn protein. MAbs
were LO.MM.9 (anti-IgM) (lanes 2 and 5), MK-D6C (anti—lass Il MHC) (lane 3), and M1/42.3.98
(anti—class I MHC) (lane 4). As a positive control, whole cell lysate of 4 x 10° WEHI-231 cells was
examined (lane 1). The position of p53"" is indicated by the arrowhead. (B) Anti-Lyn immunopre-
cipitates pm. Anti-IgM, anti-Lyn, and anti-MHC class I immunoprecipitates were pre| with
LO.MM.9, anti-Lyn, and M1/42.3.98 from 1 x 10% 1 x 107, and 1 x 107 WEHI-231 cells,
respectively, and were examined for the presence of p. chain with affinity-purified goat antibodies to
IgM. Lane 1, IgM immunoprecipitates; lane 2, Lyn immunoprecipitates; lane 3, anti-Lyn immuno-
precipitates of the lysis buffer; lane 4, MHC class I immunoprecipitates. The positions of um, ps, and
+ chains are indicated, and the positions of standard protein markers are indicated in kilodaltons. The
v and ps chains faintly detected in lanes 2 to 4 by immunoblotting originated from the antibodies used
for the immunoprecipitations.

Fig. 2. Immune complex kinase
assay. The immune complexes
with various MAbs were prepared
as described in Fig. 1, and sub-
jected to the kinase reaction (27).
The reaction was stopped by ad-
dition of sample buffer (reducing)
or 2-mercaptocthanol—free sam-
ple buffer (nonreducing). For re-
immunoprecipitation experi-
ments, the products of the kinase
reaction were reextracted from
immunoprecipitates with solubil-
izing buffer (22), and the extracts
were reimmunoprecipitated with either anti-Lyn (15) or antibod-
ies to phosphotyrosine (23). The samples were subjected to 1
SDS/8.5% PAGE (A and B) or SDS/12% PAGE (C) and
autoradiography. (A) In vitro phosphorylation. The lysates of
WEHI-231 cells (1 x 107) were incubated with various MAbs
indicated below (lanes 3 to 5). The lysates of 1 X 10°and 1 x 10°
WEHI-231 cells were also incubated with anti-Lyn (lanes 1 and
2). The immune complexes were subjected to in vitro kinase
reaction. Lane 1, anti-Lyn (1 x 106 cells); lane 2, anti-Lyn (1 x
10° cells); lane 3, LO.MM.9 (anti-IgM); lane 4, MK-D6C
(anti—class I MHC); lane 5, M1/42.3.98 (anti—lass I MHC). (B)
Reimmunoprecipitation of the autophosphorylated Lynproteins. After kinase reaction, the immune
complexes (from 1 x 107 cells) indicated below were reimmunoprecipitated with anti-Lyn (lane 2 to
4). Lane 1, autophosphorylated anti-Lyn immunoprecipitates (from 1 x 10° WEHI-231 cells); lane 2,
IgM; lane 3, class II MHC; lane 4, class I MHC. (C) Tyrosine phosphorylation in vitro of
IgM-associated polypeptides. After the kinase reaction, the Lyn and IgM immune complexes (from 1
X 107 cells) were lysed in reducing (lanes 1 and 2) or nonreducing (lanes 4 and 5) sample buffer. The
phosphorylated proteins in IgM immune complexes were reimmunoprecipitated with antibodies to
phosphotyrosine, and the precipitates were lysed in reducing (lane 3) or nonreducing (lane 6) sample
buffer. Lane 1, the Lyn immune complex; lane 2, the IgM immune complex; lane 3, reimmunopre-
cipitates; lane 4, the Lyn immune complex; lane 5, the [gM immune complex; lane 6, reimmunopre-
cipitates; lane 7, shorter time exposure of lane 4. The position of p53"" is indicated by the arrowhead
and those of pp30-40 and their dimerized forms are indicated by an asterisk. The positions of standard
protein markers are indicated in kilodaltons.
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phosphorylated proteins of 30 to 40 kD
(pp34, pp35, pp37, and pp39) were specif-
ically reimmunoprecipitated. These phos-
phoproteins resisted 1 M potassium hydrox-
ide treatment (18), which preferentially
hydrolyzes phosphoserine and phosphothre-
onine. Thus, a small fraction of the pp30-40
was reimmunoprecipitated along with the
Lyn protein from the phosphorylated ex-
tracts of anti-IgM immunoprecipitates and
the Lyn kinase may phosphorylate the
pp30-40 species in vitro. Similar sizes of
proteins were also identified in phospho-
rylated anti-Lyn immunoprecipitates (Fig.
2, A and C).

Membrane IgM is associated with at least
three polypeptide chains, IgM-a/mb-1 (32
to 34 kD), Ig-B (37 to 39 kD) and Ig-y (35
kD), which are phosphorylated at tyrosine
residues in vivo (8, 24). The IgM-a protein
forms a disulfide-linked heterodimer with
either Ig-B or Ig-y. We therefore examined
the possibility that the pp30-40 described
above was also disulfied-linked to each other
(Fig. 2C). Mobility of the pp30-40 in anti-
Lyn, anti-IgM, and anti-IgM/anti-phospho-
tyrosine-immunoprecipitates shifted to the
80-kD region under nonreducing condi-
tions, whereas no shift was apparent in
migration of autophosphorylated Lyn pro-
teins. These observations indicate that the
pp30-40 exist as disulfide-linked dimers.
Further experiments are needed to clarify
the relationship between pp30-40 and
mlgM-associated molecules, IgM-a, Ig-B,
and Ig-y.

Association of Lyn with mIgM suggests
that mIgM cross-linking up-regulates Lyn
kinase activity, which, in turn, would phos-
phorylate its substrates on tyrosine residues.
We examined the phosphotyrosine-contain-
ing proteins in WEHI-231 cells after mIgM
cross-linking (Fig. 3). Tyrosine phosphor-
lyation of at least ten species, about 39
kD(p39), 42 kD(p42), 53 kD(p53), 56
kD(p56), 66 kD(p66), 70 kD(p70), 80
kD(p80), 90 kD(p90), 130 kD(p130), and
160 kD(p160) proteins, increased within 2
to 15 min after mIgM cross-linking. The
degree of phosphorylation of these proteins
was variable. Tyrosine phosphorylation of
p39, p42, p53, and p56 was very rapid, and
peaked within 2 min of cross-linking, re-
turning to basal levels within 60 min. In
contrast, tyrosine phosphorylation of p66,
p70, p80, p90, p130, and pl60 increased
with slower kinetics. The p53 and p56 phos-

?rotcms comigrated with p53"" and
p56", and may represent autophosphory-
lated Lyn proteins. These rapid increases in
tyrosine prosphorylation suggest that a pro-
tein tyrosine kinase participates early in the
mIgM-mediated signal transduction path-
way. This is consistent with the observation
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31-
Flg 3. Rapid induction of tyrosine phosphoryla-
(?' miIgM cross-linking. WEHI-231 cells (l
r milliliter) were incubated in the

ence of aﬂimty-punﬁed goat antibodies [F(ab'),]
to IgM (10 pg/ml) for the times indicated below.
Then the cells (4 X 10°) were lysed in sample
buffer and phosphotyrosine containing proteins
were examined by immunoblotting with antibod-
ies to phosphotyrosine as described (23). Incuba-
tion time: Lane 1, untreated control; lane 2, 2
min; lane 3, lSmm,lanc4 30 min; lane 5, 60
mm,lanc6 3 hours; lane 7, 6 hours. Thc
gosmons of p56 and p53 (sec text) are indicated
the arrowheads, and that of p39 is indicated by
thc closed circle. The positions of standard pro-

tein markers are indicated in kilodaltons.

that an antibody to CD45, a membrane-
bound phosphotyrosine phosphatase, inhib-
its B cell activation induced by mIgM cross-
linking (12). Two genes, lyn and blk,
encoding Src-like protein kinases, are ex-
pressed preferentially in B cells (15, 25).
However, the blk mRNA was reportedly
undetectable in one of three mature B cell
lines, whereas the lyn mRNA was detected
in all mature B cell lines examined (ten cell
lines). We could detect no significant
amount of autophosphorylated Scr-like ki-
nase, which is to be about 60 kD in size,
other than Lyn after in vitro phosphoryla-
tion of anti-IgM immunoprecipitates (Fig.
2, A and C). Thus, we suggest that the Lyn
protein associated with mIgM becomes au-
tophosphorylated and phosphorylates other
proteins in mIgM-mediated signal transduc-
tion. However, a clarification of possible
involvement of Blk kinase in mIgM cross-
linking—induced tyrosine phosphorylation
awaits a study with antibodies specific to the
Blk protein.
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