
31 J H Butterheld D Weer  G Dev'lald G J Gle~ch 
L~L,K Res. 12, 345 (1 988) 

32 P Chornczynskf and N Sacch Anal. Bloche:? 162, 
156 (1 987) 

33 RNAs were prepared as descrbed (32) and reverse 
transcrbed n t o  cDNAs w t h  ogo (dT )  as prmer 
For PCR anaysfs, the folowng pars  of ol~gonucle- 
ot~des were ~ ~ s e d  glob~n, 5'-CACAACCCCA- 
GAAACAGACA-3' (sense ampmer)  and 5'-CTGA- 
CAGATGCTCTCTTGGG-3' (antsense atnptner) 
generatny a fragment of 528 bp, ac tn  5 ' -GG- 
CGGACTGTTACTGAGCTGCG3' (sense arn- 
pmer )  and 5'-AGAAGCAATGC-GTCACCTTC- 
CCC-3' (antsense ampmer) ,  generatng a frag- 
ment of 455 bp PCR condtons were 30 cycles at 
94°C for 1 mln, at 55'C for 1 n ? r ,  a i d  at 72°C for 1 
m n  for g o b n :  and 35 cycles at 94'C for 1 I n n  at 
60'C for 1 m n ,  and at 72'C for 0 5 m n  for actt i  
The PCR p r o d ~ ~ c t s  were separated on 1 5"0 aga- 
rose gels and the PCR fragrnents were pos t vey  
dentfled by Southern (DNA) bo t t ng  ~511th Internal 
ol~yonucleot~des 

34 H Karasuyarna and F Melchers, ELI. J, i : m ~ ~ i : ~ o l  
18 97 (1 988) 

35 Fetal m c e  were obtaned frorn tmed-pregnant fe- 
males The day of the vayna  plug was counted as 
day 0.5 of pregnancy Blood was Isolated from fetal 
mlce as descr~bed (6) Br~efly the fetus was re- 

moved from the uterLls wthout nterrupton of the 
~ ~ r n b l c a l  cord and pos~t~oned on t s  back ,~~gu la r  
vens and cervca arteres were then cut ~'11th m -  
crodssecton forceps. Fetal blood (-20 p,l) was 
collected from each fetus w ~ t h  a heparnzed p -  
pette t p  and d u t e d  Into PBS (10 m )  and 5O6 FCS 
contanng heparn ( I  00 U,'m) (Roche, Basel, Swt-  
zerand) on Ice. To remove aggregates and traces 
of issue we f te red FB through a polyester mesh 
(Esta monornesh, rnesh slze 40 km. SST Thal 
Sv~~~tzerland) Subsequently FB leukocytes were 
enrched by Percol (Pharmaca, Uppsaa, Sweden) 
densty yradent (PI r 1 056 g:ml) centrfugaton (6). 
For FACS separaton phycoerythrn-coupled 5a-8 
lantbody to Thy-I ,  Catag, South San Francsco, 
CA) b~ot~nylated ACK-4 (ant~body -o c-Kit) [M. 
Cyawaeia i  , J Exp, Meci 174, 63 (1991)l fuores- 
c e n  ~soth~ocyanatelabeled 145-2C1 1 lantbody to 
CD3) [O. Leo, M .  Foo, D H. Sachs L E. Samelson 
J A. Bluestone, Piroc /\la:/ Acad Sc: U.S.A. 84, 
1374 11987)], and streptav~d~n-allophycocyan~n 
(Molecular Probes Eugene, OR) were used as de- 
scrbed (6) 

36. Cells were labeled w t h  5-hydroxy[G-'Hltryptamne 
creatlnlne (>H-seroton~n) (Amersham, Buck~ng- 
hamshre, U K.) at 1 p,C~:ml for 8 h o ~ r s  washed, 
and Incubated w~ t l i  monoclotlal mouse anti-DNP- 
IyE (SPE-7; S~gma, St LOLIIS MO) (1 0 p,g:tnl) or 

Activation of BTK by a Phosphorylation 
Mechanism lni tiated by SRC Family Kinases 
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Bruton's tyrosine kinase (BTK) is pivotal in B cell activation and development through its 
participation in the signaling pathways of multiple hematopoietic receptors. The mech- 
anisms controlling BTK activation were studied here by examination of the biochemical 
consequences of an interaction between BTK and SRC family kinases. This interaction 
of BTK with SRC kinases transphosphorylated BTK on tyrosine at residue 551, which led 
to BTK activation. BTK then autophosphorylated at a second site. The same two sites were 
phosphorylated upon B cell antigen receptor cross-linking. The activated BTK was pre- 
dominantly membrane-associated, which suggests that BTK integrates distinct receptor 
signals resulting in SRC kinase activation and BTK membrane targeting. 

BTK is a member of the RTKITEC family 
of nonreceptor tyrosine kinases (NRTKs) 
(1-3). These proteins are distinct among 
NRTKs in containing conserved NH7-ter- 
lninal regions consisting of a pleckstrin 
homology (PH)  domain and a proline-rich 
sequence, in addition to their conserved 
S R C  ho~nology 2 (SH2), SH? ,  and kinase 
domains. Deficient function of BTK is 

responsible for both human  X-linked 
agammaglol>ulinernia (XLA) and m ~ l r i n e  
X-linked R cell immunodeficiency (XID) 
( 1 ,  4-6).  T h e  sequelae of iieflcient RTK 
function suggest that  a BTK-dependent 
signal is required for the  expansion, func- 
tional maturation, or hot11 of B cell pro- 
genitors (pro-B) (7). A diverse group of 
receptors is capahle of a c t i ~ ~ a t i n g  BTK (8- 
13).  Kno~vledee of h o ~ v  these recentors 
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vitro interaction studies ( 12).  In an  effort to 

'These authors contrbuted equally to t hs  work. synthesiie these data, we studied the  con- 
(To whom correspondence should be addressed sequences of coexpression of RTK and LYN. 

lnedum alone for 1 hour on Ice Cells were subse- 
quently stmuated for 10 m n  at 37'C w ~ t h  rnedum 
alone w t h  rnonoclonal rat antbody to mouse IyE 
(R35-72; PharMnyen, San Dego CA) (2  py,'tnl) or 
DNP-h~man  serum a b ~ m n  (HSA) (1 pg,'ml, S IC -  
ma) or ~511th onomycn (1 pM;  Slyma) 

37 l/r//l/r/" recpent m c e  were F. anmals der~ved frotn 
crosses of C57BL:6-il/",'+ x WB- i l / ;  parents (Ja- 
pan-SLC, Japan). 
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\Ve used vaccinia-driven expression of 
BTK, LYN, or both in a B cell line trans- 
formed 1~1th Epstein-Rarr virus (ERV) and 
deficient in BTK inRNA and protein pro- 
d ~ ~ c t i o n  (Fig. 1 A ) .  Coexpression of LYN 
and BTK increased tlhe tyrosine phospho- 
rylation of BTK five times relative to that 
present after expression of BTK alone (Fig. 
1A) .  These results were comparable to the  5 
to 10 times increase in BTK tyrosine phos- 
phorylation that follo~vs cross-linking of the  
high-affinity imm~~noglobul in  E (IgE) re- 
ceptor (FccRI) o n  mast cells, membrane 
IgM o n  R cells, and the interleukin-5 (IL-5) 
receptor o n  pro-B cells (8, 9 ) .  T o  eliminate 
the  potential contribution of other B cell- 
specific signaling pathways, endogenous 
LYN, or regulation through hematopoietlc 
phosphatases, we coexpressed RTK and 
LYN in a nonhematopoietic cell line. Co-  
expression increased both tyrosine phospho- 
rylation of BTK and BTK enzymatic activ- 
ity 5 to 10 times in multiple experiments 
(Fig. l R ) ,  a significantly greater magnitucie 
than that seen after receptor-mediated ac- 
tivation of BTK ( 8 ,  9 ) .  Coexpression of the  
S R C  family kinase, FYN, ~ v i t h  BTK resulted 
in similar increases in both RTK tyrosine 
phosphorylation and enzymatic activity 
(13) .  In  contrast, coexpression of tlhe SYK 
tyrosine kinase and BTK resulted in no  sig- 
nificant increase in BTK tyrosine phosphc~- 
rylation or activity (13,  14).  Coexpression 
of BTK and LYN therefore reproduces the 
changes in BTK tyrosine phosphorylation 
and activation that follow helnatopoietic 
receptor stimulation and provides a simpli- 
fied system for the stuiiy of BTK activation. 

W e  used this system to determine 
~vhether  the tyrosine kinase activities of 
LYN or RTK were necessary for the  LYN- 
dependent phosphorylation of BTK. Coex- 
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Fig. 1. Coexpression of c 
LYN and BTK results in 

. - - . 5 6  tyrosine phosphorylation A~III-D I R Y I  - - 

and activation of BTK in B cells and fibroblasts. Recombinant 
vaccinia that express rnurine LYNA or murine BTK were 
constructed as described (33). (A) EBV-transformed BTK- 
deficient B cells were infected with recombinant virus stock- 

:-+ I 
for 14 hours. followed by cell lysis and anti-BTK irnrnunoprc 
cipitation (34). lmrnunoprecipitates were subjected to antipt versions 
munoblotting (anti-PY; top) or anti-BTK immunoblotting (anti- $ I K (B I K(K4YUH)I ana an act~vat~on loop, 
Lane 1, wild-type vaccinia; lane 2, BTKexpression; lane 3, LYIV c n p c a a v ,  I, tar E an"-II~C PI I V ~ ~ I  IVU ylauut I I I  t ant of BTK [BTK(Y551 F)]. 3T3E cells were 
4, coexpression. (B) Recombinant virus stocks were used to infect 3T3E cells infected with the ~ndicated viruses (top) for 6 hours, followed by cell lysis, and 
for 8 hours (36). Replicate BTK immunoprecipitates were split and subjected to anti-BTK irnrnunoprecipitates were split and subjected to antiphosphotyrosine 
antiphosphotyrosine irnmunoblotting (top, lanes 1 to 6) or in vitro autophospho- irnrnunoblotting (upper) or in vitro autophosphorylation assay (middle) followed 
rylation-transphosphorylation assay and autoradiography (middle, lanes 3 to 6) by anti-BTK irnmunoblotting (lower; dominant band is lg heavy chain). The 
followed by anti-BTK irnmunoblotting (bottom) (37). The positions of BTK and positions of the molecular size marker (in kilodaltons) and of BTK are indicated. 
the exogenous substrate enolase are ~ndicated. LYN expression was confirmed Anti-LYN immunoprecipitates were also subjected to an in vitro autophospho- 
by imrnunoblotting of cell lysates (38). (C) Coexpression-induced tyrosine phos- rylation assay, followed by anti-LYN imrnunoblotting, which demonstrated pro- 
phorylation of BTK requlres the kinase activity of both LYN and BTK. Recom- tein expression and lack of autokinase activity in LYN(K275G) (38). 

Anti- 
BTK 

I 

1 2  
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2f LYNA [L' 
2DP #:I,- ..h 

3 
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,..".-A,... ,I-+;, 
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drive expre: .-. 3 .--. , 

ine irn- t 
n) (35). ( .... I*"- < 

structed to 
(39)] and E ... ";*A -, .+, 

se-inactive 

pression of kinase-inactive LYN(K275G) 
(15) with wild-type BTK resulted in no 
significant increase in BTK tyrosine phos- 
phorylation or in in vitro kinase activity 
(Fig. 1C). Conversely, the LYN-depen- 
dent phosphorylation of kinase-inactive 
BTK(K430R) was reduced more than 90% 
relative to that of wild-type BTK after LYN 
coexpression (Fig. 1 C).  Autophosphoryl- 
ation of a conserved tyrosine in the cata- 
lytic domains of SRC kinases (Y416) and 
receptor tyrosine kinases such as the insu- 
lin receptor (Y1162) is associated with an 
increase in their enzymatic activity (16- 
19). BTK contains a highly conserved 
SRC-like phosphorylation site within its 
kinase domain (Y551). Mutation of this 
site in BTK(Y551F) reduced by more than 
90% the coexpression-associated increase 
in both BTK tyrosine phosphorylation and 
the BTK autokinase activity .(Fig. 1C). 
The low LYN-dependent phosphorylation 
of BTK(K430R) and of BTK(Y551F) alle- 
viates the concern that LYN overexpres- 
sion results in indiscriminate LYN-depen- 
dent phosphorylation. - Thus, maximal 
LYN-dependent BTK tyrosine phosphoryl- 
ation requires the kinase activities of both 
LYN and BTK, as well as an intact SRC- 
like phosphorylation site at Y551, which 
suggests that activation of BTK requires 
both LYN-dependent BTK transphospho- 
rylation and BTK autophosphorylation. 

To determine whether interaction be- 
tween any single protein interaction do- 

main of BTK and LYN was required for 
LYN-dependent tyrosine phosphorylation 
of BTK, we compared proteins containing 
mutations of the BTK proline-rich region, 
PH, SH2, and SH3 domains with wild-type 
BTK for the ability to become tyrosine- 
phosphorylated. Neither these mutations 
nor elimination of the LYN SH2 or SH3 
domains altered the coexpression-depen- 
dent activation of BTK (13). Thus, in the 
presence of high coexpression, the catalytic 
specificity of LYN was sufficient for tyrosine 
phosphorylation and activation of BTK and 
was not significantly affected by inactiva- 
tion of any single protein domain. 

The requirement of the kinase activities 
of both LYN and BTK for the coexpres- 
sion-induced increase in BTK tyrosinephos- 
phorylation and activation suggested that 
these changes resulted from at least two 
independent phosphorylation events. We 
therefore performed phosphopeptide map- 
ping of in vivo 32P-labeled BTK expressed 
alone and coexpressed with LYN (Fig. 2). 
Expression of BTK alone resulted in a rela- 
tively simple phosphopeptide pattern con- 
sisting of two predominant tryptic peptides 
(Fig. 2A). Phosphoamino acid analysis of 
these peptides revealed that they contained 
phosphoserine (20). In contrast, coexpres- 
sion of LYN and BTK resulted in the ap- 
pearance of two additional major phos- 
phopeptide fragments, peptides 1 and 2 
(Fig. 2B). Phosphoamino acid analysis of 
these peptides revealed only phosphoty- 

rosine (20). Because of the reduction in the 
coexpression-associated increase in BTK ty- 
rosine phosphorylation by mutation of either 
BTK(Y55 1 F) or BTK(K430R), phosphopep- 
tide mapping was done to determine the 
effects of these mutations on the tyrosine- 
phosphorylated peptides 1 and 2. The 
BTK(Y551F) mutation completely abolished 
the LYN-associated tyrosine phosphoryl- 
ation of peptide 1 while retaining peptide 2 
(Fig. 2C). This result suggests that peptide 1 
contains Y551. In contrast, BTK(K430R) 
coexpressed with LYN resulted in preserva- 
tion of phosphorylation of peptide 1, but loss 
of phosphorylation of peptide 2 (Fig. 2D), 
showing the presence of a BTK autophos- 
phorylation site in peptide 2. Preliminary 
studies with the coexpression of LYN and 
mutant BTK proteins have mapped this au- 
tophosphorylation site within the SH3 do- 
main of BTK (2 1 ). The LYN-dependent phos- 
phorylation of BTK therefore consists main- 
ly of two events: a LYN-dependent phospho- 
rylation of the SRC-like phosphorylation 
site at Y551 (on peptide 1) and a BTK 
autophosphorylation of another tyrosine res- 
idue (on peptide 2). 

We next sought to determine if this 
transpho~phor~lation-autophosphorylation 
mechanism was consistent with BTK acti- 
vation mediated through membrane IgM 
stimulation of B cells. Ramos B cells nega- 
tive for EBV were phosphate-labeled in 
vivo and activated by IgM cross-linking 
(Fig. 3). Consistent with previous studies, 
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receptor cross-linking resulted in a modest 
(a~~roximatelv five times) increase in BTK . .. 
tyrosine phosihorylation Ls assessed by an- 
tiphosphotyrosine immunoblotting (Fig. 3). 
The BTK protein was quantitatively bound 
and eluted from phosphocellulose and quan- 
titatively immunoprecipitated with affinity- 
purified antibody to BTK (anti-BTK). 
Eauivalent amounts of BTK from either 
unstimulated or stimulated cells (as demon- 
strated by anti-BTK immunoblotting) (Fig. 
3) were digested with trypsin and fraction- 
ated with antiphosphotyrosine affinity 
chromatography to generate in vivo phos- 
phopeptide maps from the antiphosphoty- 
rosine column flow-through and enriched 
fractions (Fig. 3, A to D). Maps generated 
from the antiphosphotyrosine flow-through 
fractions (Fig. 3, A and C )  contained mul- 
tiple serine or threonine phosphopeptides, 
including one prominent phosphothreo- 
nine peptide that did not change after IgM 
ligation. Comparison of maps of the phos- 
photyrosine-enriched peptides before (Fig. 
3B) and after (Fig. 3D) IgM stimulation 
revealed enhanced tyrosine phosphoryl- 
ation of two peptides that migrated to po- 
sitions identical to those shown to contain 
the BTK(Y551) and BTK autophosphoryl- 

ation sites (Fig. 3 and Fig. 2, peptides 1 and 
2). The Y551-containing phosphopeptide 
(peptide 1) was not detectable in unacti- 
vated B cells by phosphorimager analysis or 
extended autoradiography but was clearly 
presentinactivatedcells.TheBTKautophos- 
phorylation site containing peptide (pep- 
tide 2) had a small basal amount of ty- 
rosine phosphorylation that increased sig- 
nificantly after receptor activation (Fig. 3, 
compare B and D). Therefore, IgM-medi- 
ated BTK activation is associated with 
phosphorylation of the same sites that are 
modified after LYN-dependent activation 
of BTK mediated by transphosphorylation- 
auto~hos~horvlation. 

. . a  

In the crystal structure of the human 
insulin receptor, the conserved activation 
loop tyrosine (19) [Y1162; homologous to 
BTK(Y551)l extends into the active site of 
the kinase domain and inhibits enzymatic 
activity. Transphosphorylation of this ty- 
rosine is ~redicted to result in stabilization 
of the activation loop in a noninhibitory 
conformation that permits subsequent in- 
termolecular transphosphorylation. Our re- 
sults suggest that activation of BTK occurs 
through a similar transactivation mecha- 
nism, whereby LYN transphosphorylates 

Fig. 2. Phosphopeptide analysis of the coexpression- r- f g " -  . .  

induced phosphorylation of BTK. 3T3 cells were infected 
with the indicated viruses for 3 hours, washed twice in I 

phosphate-free media, and labeled with 1 mCi of 
r2P]orthophosphate for 3 hours in phosphate-free me- - 
dia. Cell lysates were immunoprecipitated with anti-BTK, BTK LYN + BTK 

and gel-isolated BTK protein was digested with trypsin [g m-. 
and peptides separated by two-dimensional thin-layer 
electrophoresis and visualized by autoradiography (32). H' 

(A) Infection with BTK. (B) Coinfection of LYN and BTK. ,-' .- f 
Arrows indicate the positions of the two major phos- - 
phopeptidefragments, peptides 1 and 2. Phosphoamino LYN + BTK(Y551 F) LYN + BTK(K430R) 
acid analysis of each of these peptides revealed the presence of phosphotyrosine (20). (C) Coinfection 
with LYN and BTK(Y551 F) viruses, demonstrating loss of phosphorylation of peptide 1. (D) Coinfection 
with LYN and BTK(K430R), demonstrating loss of phosphorylation of peptide 2. The identities of 
peptides 1 and 2 were confirmed by phosphopeptide analysis of mixtures of the peptides generated in (B) 
with those shown in (C) or (D), respectively (13). Peptides were spotted in the lower left of each thin-layer 
chromatography plate. 

Fig. 3. Phosphopeptide analysis of BTK in B cells after recep- Anti-BTK Anti-PY 
tor activation (40). (Top) BTK immunoprecipitates from un- ~nti-lgM - + - + 
stimulated (-) and stimulated (+) B cells were subjected to 
anti-BTK immunoblotting, demonstrating equivalent recovery 
of BTK protein, and to antiphosphotyrosine (anti-PY) immuno- 
blotting, demonstrating an increase in tyrosine-phosphoryl- 
ated BTK after IgM cross-linking. (Bottom) Phosphopeptide Control 
maps with phosphorimager analysis of (A) antiphosphoty- 
rosine flow-through (anti-PY FT) peptides from unstimulated 
(control) cells; (B) antiphosphotyrosine-enriched (anti-PY-en- 
riched) peptides from unstimulated cells; (C) antiphosphoty- 
rosine flow-through peptides from stimulated (anti-lgM+) B 
cells; and (D) antiphosphotyrosine-enriched peptides from 
similarly stimulated B cells. Numbers indicate the positions of 
the two major phosphopeptide fragments, peptides 1 and 2, 
migrating in positions identical to those containing the 
BTK(Y551) site and the BTK autophosphorylation site, re- 
spectively. Peptides were spotted in the lower left of each 
cellulose plate. 

BTK at Y551, resulting in up-regulation of 
BTK kinase activity and autophosphoryl- 
ation at a second site. The limited increase 
in the coexpression-associated tyrosine 
phosphorylation of BTK that is associated 
with the elimination of BTK kinase activ- 
ity suggests (Fig. 1C) that the initial in- 
crease in activated BTK resulting from 
LYN transphosphorylation facilitates fur- 
ther BTK activation independent of LYN. 
This would provide a powerful means for 
amplification of BTK-dependent signals. 
This mechanism is further supported by 
studies of a transforming BTK mutant, 
BTK* (22). BTK* contains a point muta- 
tion within the PH domain and is consti- 
tutively tyrosine phosphorylated and mem- 
brane associated to an extent usually seen 
only after receptor-mediated activation of 
wild-type protein. Phosphopeptide maps of 
BTK* contain two major tyrosine phos- 
phopeptides that migrate in positions cor- 
responding to the Y551 and BTK autophos- 
phorylation site peptides identified here 
(21 ). The convergence of results from three 
different systems of BTK activation strongly 
supports the biological relevance of this 
phosphorylation sequence in BTK activa- 
tion and the downstream propagation of 
BTK-dependent signals. 

Our data are in partial conflict with a 
recent report that suggests that SRC ki- 
nases induce BTK activation and that the 
Y55 1Fmutationcanabrogate BTKautophos- 
phorylation (23). We have consistently 
found that the BTK(Y551F) mutant has in 
vitro autokinase activity equivalent to the 
basal activity of wild-type BTK (Fig. 1C) 
and that only differences in experimental 
methodology can account for the reported 
lack of kinase activity in this mutant. The 
BTK autophosphorylation site we have 
identified has recently been clearly mapped 
(21), and the Y551 and autophosphoryl- 
ation site containing peptides would not 
have been resolved with the one-dimen- 
sional cyanogen bromide mapping tech- 
nique used in the previous study. 

With BTK-LYN coexpression, more 
than 90% of tyrosine-phosphorylated BTK 
is present within the membrane fraction 
(1 3), which suggests that membrane associ- 
ation of BTK places it in proximity to LYN, 
thereby promoting LYN-dependent phos- 
phorylation. Similarly, the PH domain 
point mutation in BTK* results in an in- 
crease in BTK membrane targeting and may 
function in part by enhancing access of 
BTK* to SRC family kinases (22). The 
amount of membrane-associated BTK is 
therefore likely to be important in regulat- 
ing the strength of the BTK signal in he- 
matopoietic cells. The BTK PH domain can 
bind to py subunits of heterotrimeric G 
proteins (24, 25), membrane lipids (26), 
phosphokinase C (PKC) (27), and phos- 
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phatidylinositol-3 kinase (28). These inter- 
;~ctions or those ciirccted by other BTK 
nrotcin domains mav allow BTK to inte- 
grate inemhrane-targeting sig~lals x i t h  
those generateci hy SRC kinase-linked re- 
ceptor activation. Alterations of these tar- 
geting events may he iilvolvcd in cicficic~lt 
B cell costim~~latorv sienals in XID mice. , 
Finally, the less dramatic increase in coex- 
pression or phosphorylation of BTK in B 
cells induced hy surface IgM cross-linking 
(Figs. 1A anii 3)  also suggests that negative 
regulation of BTK activity by PKC (27),  or 
hy tyrosine pl~osCl~atascs such as hematopoi- 
etic cell L~hospl~atase (HCP)  (29),  may fur- 
ther control BTK activatioil in hematopoi- 
ctic cells. 

Our  tindings predict that m ~ ~ t a t i o n s  that 
eli~niilate the  ahility of BTK to interact 
with S R C  family kinases either directly or 
by altering the  local conforinatioll of these 
two inajor tyrosine phosphorylation sites 
woulci also result in XLA. In support of 
these predictions, lnutatioils ~v i th in  the ac- 
tivation loop of BTK (RS62W and RS6LP) 
(15) have heen identiticci in t\vo patients 
with XL,4 (36). Uncierstallding the mech- 
anisms controlli~lg BTK activation may 
have theraneutic iinnlications in the control 
of B cell nlalignancy and autoimm~~ni ty .  
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crofuge and the supernatant $/'!as subjected to the 
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conta~nng 0 1% d~alyzed fetal calf serum. Sodum 
orthovanadate (100 mM f ~ n a  concentrat~on) was 
added for the f n a  tiour of abeng .  One-half of the 
labeled cells $/'!ere actvated w th  goat antbody to 
hunan IgM (200 p.g of total antbody Southern BIO- 
tech) for 10 n l n  before cell y s~s  n X I  Tr~ton y s ~ s  
buffer 13% Tr~ton X-l00,10?0 glycerol, 150 mM NaCl, 
50 mM trls (pH 7.4), 2 I-iM EDTA. 10 mg:m each o: 
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amounts of BTK froin unactvated and actvated cells 
viere dgested on n~trocellulose w~ th  tr)/psn: tyrosne- 
phosphorylated pept~des were enr~ched w~th an- 
tphosphotyros~ne a41nty chromatography and sub- 
sequently separated by two-dmens~ona thn-layer 
eiectrophores~s and v~sual~zed by autorad~ography 
(32) 
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