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The rat RBL-2H3 mast cells contain various Src-family kinases. Previous reports with this cell line in-
dicated that Lyn activation is an important initial signaling for the activation of the cells. However,
the role and location of other Src-family kinase isoforms which are expressed in the cells are not clear.
In this study, we now show that isoforms of Src-family kinases, Lyn, Fyn, Fgr, ¢-Src, and Yes are dif-
ferentially expressed and located differently in the cells as indicated by RT-PCR, immunoblotting anal-
ysis, and confocal microscopy. Lyn and Fgr were located on plasma membrane but on the other hand
¢-Src and Yes were located on intraceltular organelle. All of Src-family kinases were cloned and over-
expressed for investigating the roles of the isoforms. Overexpression of Fyn and Fgr, not Lyn and
¢-Src, stimulated Ag-induced degranulation in the cells. Our findings strongly suggest for the first
time that each of Src-family kinase isoform can regulate differentially FceRI-mediated signaling in

RBL-2H3 mast celis.
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Introduction

Mast cells are responsible for a variety of allergic dis-
orders [1,21]. These cells are stimulated by IgE-directed an-
tigens through the high affinity receptor for IgE, namely Fc
¢RI, and release granules that contain preformed in-
flammatory mediators and inflammatory lipids and
cytokines. Lyn, a Src-family kinase (SFK), is regarded as an
essential SFK in mast cell degranulation {2,3,20]. The ag-
gregation of antigens with the IgE/FceRI complex results
in the recruitment and activation of Src kinases and sub-
sequently other tyrosine kinases. The function of Lyn kin-
ase in mast cells has been studied in the RBL-2H3 cell line,
which is now known to be an analog of rat mucosal mast
cells [16]. In a widely accepted model [18], it is well estab-
lished that receptor aggregation leads to the activation of
B subunit-associated Lyn, and Lyn phosphoryalates ty-
rosine residues in the Immunoreceptor tysosine-based acti-
vation motifs (ITAMs) in the cytoplasmic regions of B and
y subunits. Phosphorylated p and y ITAMs recruit Lyn and
Syk, respectively [18). Another Src family kinase, Fyn, was
also shown to associate with FceRI and to play a comple-
mentary role via activating Gab2 and PI3K [13]. In contrast
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with the positive role of Lyn for activation of mast cell
[18], a negative role of Lyn was shown by numerous stud-
ies, particularly those of B cell signaling and mast cells
[12,13,24]. Despite the rapid progress in our understanding
of FceRI signaling, the role of Lyn in mast cells has been
controversial [7,8,11] and roles of other SFK such as Fyn,
Fgr, ¢-Src, Hek, and Yes still remained unclear.

In this paper, various endogenous SFKs were detected
in RBL-2H3 mast cells, and they were differently located in
the cells: Lyn, Fyn, and Fgr on plasma membrane; c-Src,
Hck, and Yes on intracellular organelles. Furthermore, Fyn
and Fgr positively regulate degranulation in antigen-
stimulated RBL-2H3 cells. In contrast, Lyn exhibited a neg-
ative role on degranulation in the cells.

Materials and Methods

Materials

Reagents were purchased from the following sources:
PP2 was from Calbiochem (La Jolla, CA); antibody against
c-Src was from Upstate Biotechnology (Lake Placid, NY);
antibodies against Lyn, Fyn, and Fgr were from Santa
Cruz Biotechnology Inc. (Santa Cruz, CA); cell culture re-
agents were from GIBCO/Invitrogen (Carlsbad, CA); Tris-
glycine polyacrylamide gels were from Novex (San Diego,
CA); trinitrophenyl (DNP)-specific monoclonal IgE and



DNP-BSA were from Sigma (St. Louis, MO).

Extraction of RNA and RT-PCR

Total RNA was isolated from RBL-2H3 cells using Trizol
Reagent (Invitrogen, Carlsbad, CA) and was reverse tran-
scribed with the Superscript first strand synthesis system
(Invitrogen) according to the manufacturer’s protocol. PCR
was performed at 94°C for 45 sec, 55°C for 45 sec, and
72°C for 60 sec for 30 cycles. The primers for the various
SFKs were designed to make the same size PCR products.
The following primers were used: rat Lyn forward 5-CCC
TCA AGC CTG GCA CCA TGT-3', reverse 5-CCG AAG
GAC CAC ACG TCA GA-3’; rat Fyn forward 5-CTC TTA
AGC CAG GCA CAA TGT-3', reverse 5'- CCA AAG GAC
CAC ACG TCA GA-3; rat Fgr forward 5- CGC TGA AGC
CAG GCA CCA TGT-3, reverse 5'- CCA AAG GAC CAC
ACG TCT GA-3; rat Src forward 5'- CCC TGA AGC CAG
GCA CCA TGT-3, reverse 5'- CCA AAG GAC CAC ACG
TCC GA-3; rat Hek forward 5- GGA TGG GAT GTG
TGA AGT CCA-3, reverse 5- CGA ACA GAA AGT GAG
TAG CT-3’; rat Yes forward 5- CAC TAA AGC CAG GTA
CAA TGA-%, reverse 5- CCA AAT GAC CAC ACA TCT
GA-3’; rat GAPDH forward 5-GTGGAGTCTACTGGCGTC
TTC-3, reverse 5'-CCAAGGCTGTGGGCAAGGTCA-3'.

Cloning of Lyn, Fyn, Fgr, c-Src, and Yes from
RBL-2H3 cells

The SFKs were cloned into pCMV Vector (Stratagene, La
Jolla, CA) by PCR amplification using following primers:
5-TCCCCGCGGCACCGC GAGCGAGAAATATG-3 and 5-
CCGCTCGAGTGGCTIGCT GCTGATACTGC-3 for LynB;
5'-GGAATTCGAGCTTGGATAATGGGCIGTG-3' and 5-G
CGTCGACTCACA GGITTTCACCGGGCTG-3¥ for Fyn; 5'-
GGAATTCGGAATGGGCTGTGTGTTCTG C-3 and 5-CCG
CTCGAGGTCAGGCTATGTCTGGTCTCC-Y for Fgr; 5-GG
AATTCATGGGCAGCAACAAGAGCAAG-¥ and 5-CCGC
TCGAGCACACAGTTCCTATAGGTTCT-3 for ¢-Sre; 5'-TT
CCCGCGGATGGGCTGCATTAAAAGTAAAG-3 and 5-G
CGTCGACTTATAA ATTTTCTCCTGG TTGG-3' for Yes.
Sequence and expression were confirmed by sequencing
and Western blot analysis.

Transient transfection of cells with Src-family
kinases, cell stimulation, and immunoblotting

RBL-2H3 cells were grown as monolayers in minimal es-
sential medium with Earle’s salts, supplemented with 200
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mM glutamine, 10,000 units/ml penicillin, 10,000 units/ml
streptomycin, and 15% fetal bovine serum, Cells were tran-
siently transfected with each DNA preparation (1 pg DNA
per 10° cells unless stated otherwise) by electroporation
(AMAXA, program T-11). Successful transfection was con-
firmed by Western blotting. Cells were used within 48 hr
of transfection. Transfected cells (~1.0 x 10° cells/6-well
plates) were washed with fresh growth medium at 4 hr af-
ter transfection and incubated with 50 ng/ml IgE for 3 hr.
The cells were washed and medium was replaced with a
PIPES-buffered medium (25 mM PIPES, pH7.2, 159 mM
NaCl, 5 mM KCl, 04 mM MgCl;, 1 mM CaCly, 5.6 mM
glucose, and 0.1% fatty acid-free fraction V from bovine se-
rum). Cells were stimulated with 25 ng/ml DNP-BSA for
7 min or as indicated, chilled with ice to terminate stim-
ulation, and then washed twice with ice-cold PBS. Cells
were lysed in 0.15 ml with ice-cold lysis buffer (20 mM
HEPES, pH 7.5, 150 mM NaCl, 1% Nonidet p-40, 10% glyc-
erol, 60 mM octyl B-glucoside, 10 mM NaF, 1 mM Na3VOy,
1 mM phenylmethylsulfonyl fluoride, 2.5 mM nitro-
phenylphosphate, 0.7 pg/ml pepstatin, and protease in-
hibitor cocktail tablet). Lysates were kept on ice for 30 min
and then centrifuged 15,000 x g for 15 min at 4°C. The su-
pernatant was dissolved in 2x Laemmli buffer. Proteins
were separated by SDS-PAGE, transferred to nitrocellulose
membranes (Schleicher and Schuell, BA85), and incubated
with the specific antibody at 1:1000 dilution. The immunor-
eactive proteins were detected by use of horse-radish per-
oxibdase-coupled secondary antibodies and Enhanced
Chemiluminescence according to the manufacturer’s in-
structions (Amersham Pharmacia Biotech).

Measurement of degranulation

Secretion of granules was determined by measurement of
release of the granule marker, B-hexosaminidase, by use of
a colorimetric assay in which release of p-nitrophenol from
p-nitrophenyl-N-acetyl-b-D-glucosaminide was measured.
Values were expressed as the percent of intracellular B
-hexosaminidase that was released into the medium.

Location of Lyn, Fyn, Fgr, and c-Src in RBL-2H3
mast cells

RBL-2H3 cells were suspended in complete growth me-
dium, transferred to Lab-Tek chambered coverslips (Naige
Nunc International, Naperville, IL), and then incubated
overnight at 37°C. The cultures were washed three times
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with phosphate buffered saline (PBS). Cultures were fixed
in 4% formaldehyde in PBS for 10 min, washed, and per-
meabilized with 0.5% Triton X-100 for 15 min. The fixed
cells were washed again before incubation for 60 min with
a blocking reagent, 1% bovine serum albumin in PBS. The
coverslips were incubated for 2 hr with a solution of the
primary antibody in 1% bovine serum albumin in PBS,
washed, and then incubated with rhodamine-conjugated
secondary antibody for 45 min. The coverslips were wash-
ed and mounts prepared by use of the Prolonged Antifade
Kit (Molecular Probes, Eugene, OR). Confocal images were
taken in a Bio-Rad MRC 1024 confocal laser scanning mi-
croscope with an Apochromat 60x objective.

Results

Src family kinase inhibitor, PP2, suppresses
degranulation in mast cells

It has been well established that SFKs such as Lyn and
Fyn are critical for activation of mast cells. As shown in
Fig. 1, PP2, a specific SFK inhibitor, inhibited de-
granulation in Ag or thapsigargin-stimulated RBL-2H3
cells. This result confirmed that SFKs are important for the
activation of mast cells.

Identification of endogenous Src family kinases
Although it is well established that Lyn is important for
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Fig. 1. Degranulation is suppressed by the Src family kinase
inhibitor, PP2. RBL-2H3 cells were primed with
DNP-specific IgE. The indicated concentration of PP2
were added 10 min before stimulation with 25 ng of
DNP-BSA/ml (H) or 150 nM thapsigargin ({(J) for 15
min. Degranulation was determined by the release of
the granule marker, B-hexosaminidase. Values are ex-
pressed as percentages of Ag-induced release without
PP2 and are the means + s.em. of values from three
independent expreiments.

mast cell activation, the expression and roles of other SFKs
in mast cells are not clear and controversial. Therefore, it
is very interesting to note what kinds of SFKs are ex-
pressed endogenously in the cells. At first, analysis by
RT-PCR revealed that RBL-2H3 cells express abundant
message for Lyn, Fgr, ¢-Src, and Yes, and less abundant
message for Fyn (Fig. 2A). The message for Hck was not
detected in the cells even with two different kinds of
primers, However, we can not exclude the possibility that
the different primers for various SFKs make different
signals. Next, those SFKs were identified using commer-
cially available antibodies. Consistent with the results from
RT-PCR, various SFKs were detected in the cells (Fig. 2B).
Following the studies, location of each SFK was measured
by confocal microscopy. Lyn and Fyn are reported as being
located on plasma membrane [12,21]. Less is known about
other SFKs in the cells. As shown in Fig. 2C., Lyn and Fgr
kinases were located on plasma membrane, and ¢-Src and
Yes were located on the intracellular organelles. However,
we could not identify the endogenous expression of Fyn
by this confocal microscopy because the expression level
was very low in RBL-2H3 cells (Fig. 2). However, it was
shown that overexpressed Fyn was located on plasma
membrane (data not shown). In summary, those results
strongly suggested that RBL-2H3 cells contain endogenous
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Fig. 2. Determination of endogenous Src family kinases by
RT-PCR, immuncblotting, and confocal microscopy.
(A) The presence of mRNA for multiple Src family
kinases was determined by RT-PCR. (B) Immunoblots
of lysates of RBL-2H3 cells were prepared for de-
tection of endogenous Src kinases. (C) In addition, the
cells were examined by confocal microscopy to de-
termine the intracellular distribution of the various Src
family kinases.



Lyn, Fgr, ¢-5rc, Yes and low level of Fyn.

Roles of Src family kinases on degranulation

It is generally accepted that upon FeeRI cross-linking, Fe
eRlI-associated SFK Lyn becomes activated and phosphor-
ylates the B- and y-chain in ITAMs [18]. Also, a recent re-
port showed that another SFK, Fyn, also is important for
FeeRlI-initiated signaling and biological responses [13].
However, it is controversial whether Lyn positively or neg-
atively regulates FceRI-mediated activation of mast cells
[11,13,18] and less is known about the roles of other SFKs
such as Fgr, c-Src, and Yes in the cells. Therefore it is very
interesting to study about the roles of SFKs, specially for
Fgr, c-brc, and Yes. As shown in Fig. 3, overexpression of
Lyn significantly inhibited degranulation. In contrast, Fyn
and Fgr strongly stimulated degranulation in the cells. It is
the first report that Fgr positively regulates the activation
of mast cells. Further studies are necessary to identify the
mechanism.

Discussion

The activation of IgE-mediated mast cell signaling is ini-
tiated by the interaction of FceRI with the SFK Lyn and
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Fig. 3. Role of Src family kinases on degranulation of mast
cells. Cells were made to express Src family kinases,
Lyn, Fyn, Fgr, or ¢-Src, primed with DNP-specific IgE,
and stimulated with antigen for 15 min to assess the
effects on degranulation determined by the release of
the granule marker, B-hexosaminidase. Results are ex-
pressed as percentage of the values from the vec-
tor-transfected cells and are the mean #+ s.em. of val-
ues from three experiments.
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subsequently on the downstream activation of Syk and
other tyrosine kinases [13]. However, amplification of the
full array of activating signals is thought to require the as-
sembly of two distinct clusters of signaling molecules at
the plasma membrane [14]. One is assembled around the
linker for activation of T cells (LAT) and the other around
the Grb2-associated binder-2 (Gab2). The LAT cluster of
proteins enables propagation of Syk-mediated signals.
These signals include the phosphatidylinositol (PI) 3-kin-
ase-dependent phosphorylation of Tec kinases, Btk and Itk,
which in turn phosphorylate and activate PLCyl and PLCy
2 to promote a calcium signal through the generation of
inositol 1,4,5-trisphosphate [15]. The Gab2 cluster consists
of Fyn and the Src homology 2 domain-containing protein
tyrosine phosphatase, SHP-2, in addition to PI 3-kinase.
Less is known about the function of this cluster but it ap-
pears to facilitate PI 3-kinase-dependent phosphorylation
of the survival factor Akt by the phosphoinositide-depend-
ent kinase (PDK) and the activation of PKC [6,13]. These
clusters appear to localize in distinct but also different re-
gions of the plasma membrane [22].

In a widely accepted model [18], it is believed that re-
ceptor aggregation leads to the activation of B sub-
unit-associated Lyn and subsequently Lyn phosphorylates
tyrosine residues in the ITAM motifs in the cytoplasmic re-
gions of B and y subunits to amplify the Ag-induced sig-
naling in mast cells. However, recent studies demonstrated
that Lyn plays a negative regulatory role in the cells [12],
particularly in B cell signaling [24]. Thus, the role of Lyn
in mast cells has been controversial [7,8,11,13]. More re-
cently, it was demonstrated that Lyn positively regulates
degranulation on low intensity stimulation of FceRI,
whereas it works as a negative regulator by high intensity
stimulation in mast cells [23]. Consistent with the previous
report [23], our results showed that Lyn negatively regu-
lated degranulation by a high intensity antigen stimulation
in mast cells (Fig. 3). However, further study is necessary
to identify the initial role of Lyn in the cells. As shown in
Fig. 2, because multiple SFKs were expressed in RBL-2H3
mast cells, a reasonable candidate for the positive regulator
should be Fyn or other SFKs such as Fgr, and c-Src.
Paravicini et al. [13] showed that Fyn deficiency impairs
degranulaiton and that the Fyn kinase-dependent pathway
does not require Lyn or LAT for its initiation. Consistent
with the previous report [13], overexpression of Fyn pos-
itively regulated FceRI-mediated degranulation in mast
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cells. Furthermore, our findings showed that a significant
amount of Fgr was expressed in RBL-ZH3 mast cells (Fig.
2) and in bone marrow-derived mast cells (BMMC, data
not shown). Overexpression of Fgr kinase strongly stimu-
lated degranulation in FceRI-mediated mast cells (Fig. 3).
Less is known about the role of Fgr kinase in FceRI-medi-
ated signaling in mast cells. Fgr is most highly expressed
mature blood granulocytes and monocytes as well as tissue
macrophages. Although Fgr negatively regulates Fey re-
ceptor-mediated phagocytosis in macrophages [5], it ap-
pears to play a positive role in integrin or chemokine
mediated responses in macrophages [17], eosinophils [4,19],
and neutrophils [10]. If this finding is applicable to anti-
gen-stimulated mast cells, the possibility exists that Fgr
kinsae has an important role for the activation of early sig-
naling molecules such as Syk, LAT, SLP-76, and others.
" Further studies on the role of Fgr kinase are in progress in
the cells. In summary, we showed that isoforms of SFKs,
Lyn, Fyn, Fgr, c¢-Src, and Yes are differentially expressed
and located in RBL-2H3 mast cells. Overexpression of Fyn
and Fgr, not Lyn and c¢-Src, stimulated Ag-induced de-
granulation in the cells. The findings strongly suggest for
the first time that each of SFK isoform can regulate differ-
entially FeeRI-mediated signaling in the RBL-2H3 mast
cells.

Acknowledgement

This work was supported by Korea Research Founda-
tion Grant (KRF-2004-003-E00022).

References

1. Beaven, M. A. and T. R. Hundley. 2003. Mast cell related
diseases: genetics, signaling pathways, and novel
therapies. In T. H. Finkel and J. S. Gutkind (ed.), Signal
transduction and human disease. John Wiley & Sons, Inc.,
Hoboken, N.J. 307-355.

2. Brown, F. D, N. Thompson, K. M. Saqid, J. M. Clark, D.
Powner, N. T. Thompson, R. Solari and M. ]. O.
Wakelam. 1998. Phospholipase D1 localizes to secretory
granules and lysosomes and is plasma-membrane trans-
located on cellular stimulation. Curr. Biol. 8, 835-838.

3. Cissel, D. S.,. P. F. Fraundorfer and M. A. Beaven. 1998.
Thapsigargin-induced secretion is dependent on activa-
tion of a cholera toxin-sensitive and a phosphatidylinosi-
tol-3-kinase-regulated phospholipase D in a mast cell line.
J. Pharmacol. Exp. Ther. 285, 110-118.

4. El Shazly, A., N. Yamaguchi, K. Masuyama, T. Suda and

10.

11.

12,

13.

14.

15.

16.

T. Ishikawa. 1999. Novel association of the SFKs, hck and
c-fgr, with CCR3 receptor stimulation: a possible mecha-
nism for eotaxin-induced human eosinophil chemotaxis.
Biochem. Biophys. Res. Commun. 264, 163-170.

Gresham, H. D., B. M. Dale, J. W. Potter, P. W. Chang,
C. M. Vines, C. A. Lowell, C. F. Lagenaur and C. L.
Willman. 2000. Negative regulation of phagocytosis in
murine macrophages by the Src kinase family member,
Fgr. J. Exp. Med. 191, 515-528.

Gu, H, K. Saito, L. D. Klaman, ]. Shen, T. Fleming, Y.
Wang, ]. C. Pratt, G. Lin, B. Lim, J. P. Kinet and B. G..
Neel. 2001. Essential role for Gab2 in the allergic
response. Nature 412, 186-190.

Hibbs, M. L, D. M. Tarlinton, J. Armes, D. Grail, G.
Hodgson, R. Maglitto, 5. A. Stacker and A. R. Dunn.
1995. Multiple defects in the immune system of Lyn-defi-
cient mice, culminating in autoimmune disease. Cell 83,
301-311.

Kawakami, Y., ]. Kitaura, A. B. Satterthwaite, R. M, Kato,
K. Asai, S. E. Hartman, M. Maeda-Yamamoto, C. A.
Lowell, D. ]. Rawlings, O. M. Witte and T. Kawakami.
2000. Redundant and opposing functions of two tyrosine
kinases, Btk and Lyn, in mast cell activation. J. Immunol.
165, 1210-1219.

Kovarova, M., P. Tolar, R. Arudchandran, L. Draberova,
J. Rivera and P. Draber. 2001. Structure-function analysis
of Lyn kinase association with lipid rafts and initiation of
early signaling events after Fcepsilon receptor [ aggrega-
tion. Mol. Cell. Biol. 21: 8318-28.

Mocsai, A, E. Ligeti, C. A. Lowell and G. Berton. 1999.
Adhesion-dependent degranulation of neutrophils re-
quires the SFKs Fgr and Hck. J. Immunol. 162, 1120-1126.
Nishizumi, H. and T. Yamamoto. 1997. Impaired tyrosine
phosphorylation and Ca®* mobilization, but not de-
granulation, in lyn-deficient bone marrow-derived mast
cells. J. Immunol. 158, 2350-2355.

Odom, S, G. Gomez, M. Kovarova, Y. Furumoto, J. J.
Ryan, H. V. Wright, G.. Gonzalez-Espinosa, M. L. Hibbs,
K. W. Harder and ]. Rivera. 2004. Negative regulation of
immunoglobulin E-dependent allergic responses by Lyn
kinase. ]. Exp. Med. 199, 1491-1502.

Parravinci, V., M. Gadina, M. Kovarova, S. Odom, C.
Gonzalez-Espinosa, Y. Furumoto, S. Saitch, L. E.
Samelson, J. J. O’'Shea and J. Rivera. 2002. Fyn kinase ini-
tiates complementary signals required for IgE-dependent
mast cell degranulation. Nat. Immunol. 3, 741-748.
Rivera, J. 2002. Molecular adapters in FcRI signaling and
the allergic response. Curr.Opin. Immunol. 14, 688-693.
Saitoh, S., R. Arudchandran, T. S. Manetz, W. Zhang, C.
L. Sommers, P. E. Love, ]. Rivera and L. E. Samelson.
2000. LAT is essential for FcgRl-mediated mast cell
activation. Immunity 12, 525-535.

Seldin, D. C., S. Adelman, K. F. Austen, R. L. Stevens, A.
Hein, ]. P. Caulfield and R.G. Woodbury. 1985.
Homology of the rat basophilic leukemia cell and the rat
mucosal mast cell. Proc. Natl. Acad. Sci. U S. A. 82,



17.

18.

19.

20.

3871-3875.
Suen, P. W,, D. llic, E. Caveggion, G. Berton, C. H.

Journal of Llife Science 2007, Vol. 17. No. 3 365

mechanism of activation is via regulation of phosphatidy-
linositol 4,5-bisphosphate synthesis. Biochem. J. 346, 63-70.

Damsky and C. A. Lowell. 1999. Impaired integrin- medi- 21. Wedemeyer, J., M. Tsai and S.J. Galli. 2000. Roles of mast
ated signal transduction, altered cytoskeletal structure cells and basophils in innate and acquired immunity.
and reduced motility in Hck/Fgr deficient macrophages. Curr. Opin. Immunol. 12, 624-631.

J. Cell Sci. 112, 4067-4078. 22. Wilson, B. S, ]. R. Pfeiffer, Z. Surviladze, E. A. Gaudet
Turner, H. and J. P. Kinet. 1999. Signaling through the and .M. Oliver. 2001. High resolution mapping of mast
high affinity IgE receptor FceRl. Nature 402, B24-B30. cell membranes reveals primary and secondary domains
Vicentini, L., P. Mazzi, E. Caveggion, S. Continolo, L. of FcRI and LAT. ]. Cell Biol. 154, 645-658.

Fumagalli, J. A. Lapinet-Vera, C. A. Lowell and G. 23. Xiao, W, H. NIshimoto, H. Hong, J]. Kitaura, S.
Berton. 2002. Fgr deficiency results in defective eosinophil Nunomura, M. Maeda-Yamamoto, Y. Kawakami, C. A.
recruitment to the lung during allergic airway inflamma- Lowell, C. Ra and T. Kawakami. 2005. Positive and neg-
tion. J. Immunol. 168, 6446-6454. ative regulation of mast cells activation by Lyn via the Fc
Way, G., N. O'Luanaigh and S. Cockeroft. 2000. Activa- ¢RL. J. Immunol. 175, 6885-6892.

tion of exocytosis by cross-linking of the IgE receptor is 24, Xu, Y, K. W. Harder, N. D. Huntington, M. L. Hibbs and

dependent on ADP-ribosylation factor 1-regulated phos-
pholipase D in RBL-2H3 mast cells: evidence that the

D.M. Tarlinton. 2005. Lyntyrosine kinase: accentuating the
positive and the negative. Immunity. 22, 9-18.

P

@FUSL Jagyste Belgal)

£ : H|MNZO| ErntElo| CHEt CI¥st Src-family kinaseQl &t

OF% - 2AE - T - XY - YSE - UFE - 3]

of - Hlgigr

HFFe) o) WA EQ RBL-2H3 A X thFgh Sre-family kinaseE W@ gk @A71= 9] A7 AT oJatw

HIRtA £9] 27] 8439 Lyn kinase7} 8.3 4S8 dhy deix goh ey o A oA 2dEE oo
g T2 Srcfamily kinased] €82 ZE 3t B 7o BlwbA E) X th¥d Srefamily kinase7} A X
W & 2dA ddatA dd=n glohe A& RT-PCR, immunoblotting 18] 3 confocal microscopy 714
o] g3t SHaHTh 2 A3} Lyn R Fgr kinase: AT o] 9X]3t2 cSrc 2D Yes kinase: A X U] 7|
EAge A& ¢ & UA ZE Sre-family kinaseE 293tz L dsted 239 dg JFL Frlsi 4.
2 A3} Fyn# Fgr kinase® HITHA 2o &9 459 238S 7721 v Lyn kinsae: 97 $ o
ArTE AE FAE & AL ol T Ae viWAE 27 AEARANA Fgrrl 228 982 8 7154
& A g



