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Structure of 85 kDa Subunit of Human Phosphatidylinositol 3-Kinase Analyzed by

Using Monoclonal Antibodies
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An 85 kDa subunit (p85¢) of phosphatidylinositol 3-kinase (PI-3K) has one SH3 and two SH2 regions
[SH2(N) and SH2(C)], which direct protein-protein interaction. We have established eighteen
hybridomas producing monoclonal antibodies against p85z to study the structure-function relation-
ship of this protein. Epitope mapping using a series of deletion mutants expressed in E. coli showed
that the monoclonal antibodies bound to at least 5 distinct epitope regions, which were well dispersed
on p85a except for its carboxyl-terminus. Monoclonal antibodies against amino-terminal regions and
polyclonal antibodies against carboxyl-terminal regions immunoprecipitated p85z expressed in human
cells and in E. coli. On the other hand, monoclonal antibodies against the central part of p85¢ failed
to immunoprecipitate p85a efficiently; however, they could immunoprecipitate p85a mutants with
deletion of either the amino- or the carboxyl-terminal region. Similar results were obtained by
immunocytochemistry using confocal microscopy. These results suggested that steric hindrance
prevents binding of monoclonal antibodies to the central part of p85a where SH2(N) is located. The
SH2(N) may have a distinct function from SH2(C), which is located at the carboxyl-terminal region

and has been shown to mediate the binding of PI-3K to activated growth factor receptors.
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Phosphatidylinositol-3 kinase (PI-3K®) was first re-
ported as a phosphatidylinositol kinase activity asso-
ciated with polyoma middle-T antigen/pp60°** complex."
Unlike classical phosphatidylinositol kinase which phos-
phorylates the D-4 position of the inositol ring, PI-3K
phosphorylates the D-3 position of PI, PI-4P, and PI-
3,4P, to yield PI-3P, PI-3,4P,, and PI-3,4,5P;, respec-
tively,>® the biological roles of which are still unknown.
The products of PI-3K are not hydrolyzed by known
phosphoinositide-specific phospholipase C’s (PLC),”
suggesting that PI-3K regulates a signaling pathway dis-
tinct from the PLC-mediated protein kinase C/calcium
ton system in the intact cells.

There is substantial evidence that PI-3K is involved in
signal transduction via tyrosine kinases. PI-3K phos-
phorylated on tyrosines by receptor-type tyrosin kinases
such as platelet-derived growth factor (PDGF) receptor,
insulin receptor, colony stimulating factor-1 receptor,
epidermal growth factor receptor and hepatocyte growth

* To whom correspondence should be addressed: Department
of Pathology, National Institute of Health, Toyama 1-23-1,
Shinjuku-ku, Tokyo 162.

§ Abbreviations: PI-3K, phosphatidylincsitol 3-kinase; p85a,
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factor receptor, and appears to be activated upon ligand
stimulation.>» PI-3K is also tyrosine-phosphorylated by
non-receptor type tyrosine kinases such as v-Src, v-Abl,
v-Fms, v-Ros, v-Yes, and v-Fps.'*'? We and others have
reported that PI-3K is involved in signaling mediated by
membrane-bound immunoglobulins or by IL-2 receptors
in lymphocytes and also that c-Lyn or ¢-Fyn are asso-
ciated with PI-3K activities,”>?¥

Purification of PI-3K from various sources®?” has
demonstrated that this enzyme consists of two subunits,
110 kDa and 85 kDa proteins (pl10 and p85), which
are the catalytic and regulatory subunits, respectively.
cDNAs of the 85 kDa protein have been isolated from
bovine, murine, and human cells, and indicate that two
forms of p&5, a-type (p85a) and B-type (p878), are
present in mammalian cells.”®?® Amino acid sequence
analysis showed that both p85¢ and p8583 contain SH2/
SH3 regions which are regions conserved among proteins
involved in signal transduction, such as phospholipase
C-y (PLC-y), ras GTPase activating protein (GAP),
non-receptor type tyrosine kinases, protein tyrosine
phosphatase 1C, akt serine-threonine kinase, and the crk
oncogene product.’’ The role of the SH2 sequence has
been studied extensively. We found that SH2 sequences
bind to a variety of phosphotyrosine-containing pep-
tides.* This finding suggests that the signaling molecules
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with SH2 domains may bind to autophosphorylated
growth factor receptors upon ligand stimulation. The
receptor may then phosphorylate the signaling molecules
to activate them.

The mode of association of PI-3K with PDGF recep-
tor has been studied extensively, PI-3K binds to the
PDGF receptor at a peptide sequence that includes a
phosphorylated tyrosine residue, 751, which lies within
the kinase insert region of the protein-tyrosine kinase
domain.*’ The carboxyl-terminal SH2 region [SH2(C)]
of p85a has higher affinity for the receptor than the
amino-terminal SH2 region [SH2(IN)].**

Here we report the establishment of hybridomas pro-
ducing monoclonal antibodies (MAbs) against p83a.
These MAbs have been characterized and found to be
versatile for studies of the tissue distribution and func-
tion of PI-3K.

MATERIALS AND METHODS

Cloning and expression of the cDNA for human PI-3K
p85a The 5" and 3’ halves of the cDNA coding for PI-3
kinase were amplified from total RNA of HeLa cells
by the reverse transcriptase-mediated polymerase chain
reaction (PCR) technique with synthetic oligomers,
CAGATTTGCAAACATGAGTGCTGAG, CAGAG-
AAGCCATATTTCCCATCTCG, ACTAAAATGCA-
TGGTGATTATACTC, and AGTAAGCGCTTCAT-
CGCCTCTGCTGTGC, used as primers. The PCR pro-
ducts were cloned into the Hincll site of the pUCI9
vector. The sequence of the inserts was identical to that
reported previously,’ except that A at the nucleotide
position 1031 in their numbering system was substituted
by G, and A at the nucleotide position 1599 by G. The
former resulted in a change in amino acid from Asn to
Asp. Because this substitution was found in all of the
clones isolated independently, we concluded that this was
not an artifact produced by the PCR technique, but that
the gene of Hela cells has this substitution. The two
halves of the p83a@ ¢cDNA were combined at the Vspl site
found at the center of the coding sequence.

The p85a cDNA was transferred into the expression
vector pGEX2T (Pharmacia) between the Smal and
EcoRl sites to form pG85a. E. coli IM109 was used for
gene expression. A fusion protein containing glutathione
S-transferase (GST) and p85a was produced from pG85a,
purified over glutathione-Sepharose beads, and cleaved
at the fused site with thrombin as described elsewhere. *
p85a mutants for epitope mapping We prepared a series
of deletion mutants of p85a as fusion proteins with GST
to determine the epitope regions of MAbs. Plasmids for
the expression of these mutants were constructed by a
combination of restriction enzyme cleavage and ligation.
The amino acid sequences present in mutants are as

280

follows: ASna, 81-724; Scal., 264-724; ARV, 341-724;
PvuS, 573-724; ScaPvu, 264-562; AXhoSau, 1—338 and
434-724; ADraPvu, 1-512 and 573-724; Pvul., 1-562.
Preparation of monoclonal antibodies Hybridomas were
prepared according to standard protocols.**® Female
BALB/c. mice were immunized with the recombinant
human p85a expressed in E coli. Spleen cells of im-
munized mice and SP2/0 myeloma cells were fused with
polyethyleneglycol. Hybridomas were selected with HAT
medium as described previously.*” Tissue culture super-
natants of the hybridomas were examined for reactivity
with the recombinant p85a and GST by enzyme-linked
immunosorbent assay (ELISAY}. Hybridomas positive for
pB3a and negative for GST were further cloned by the
limiting dilution method to homogeneity. Isotype of
specific antibodies secreted from the cloned hybridomas
was determined by using a mouse monoclonal antibody
isotyping kit {Amersham Corp.).

Immunoblotting 143B human osteosarcoma cells
(ATCC CRL 8803) and COS7 monkey kidney cells
{ATCC CRL 1651) were washed with Dulbecco’s phos-
phate-buffered saline (PBS) and lysed immediately with
Laemmli’s buffer.”® E. coli expressing p85a was lysed in
RIPA buffer (10 mM Tris hydrochloride, pH 7.5, 5 mM
EDTA, 150 mM NaCl, 19 Triton X-100, 1% sodium
deoxycholate, 0.19 SDS, 10% glycerol, 50 £ M Na;VQ,,
5 M Na;MoOQ,, 100 mM NaF, 1 mM PMSF, and 10
u#g/ml aprotinin). Proteins were separated by SDS-poly-
acrylamide gel electrophoresis (PAGE) and transferred
te PYDE membranes (Millipore Corp.). The membranes
were pre-incubated with PBS containing 2% skim milk
and 0.05% Tween 20 for 1 h, and then with the culture
supernatants of the hybridomas for 2 h. The membranes
were subsequently rinsed in PBS containing 0.05%
Tween 20, incubated with anti-mouse antibody con-
jugated with alkaline phosphatase (TAGO Inc.) for 1 h
and washed in PBS. The antibodies bound to the mem-
brane were visualized with the chromogenic substrate,
bromochloroindolyl phosphate/nitro blue tetrazolium
(BCIP/NBT).*® In some experiments, peroxidase-
conjugated anti-mouse antibody (TAGO Inc.) and the
ECL chemiluminescence system (Amersham Corp.)
were used for detection of mouse antibodies,

Transient expression of p85¢ and p878 in COS7 cells
COS7 cells were transfected with the expression vectors
for p85a, p874 (kindly provided by Dr. M. Waterfield)
and p85a mutants, which were derived from a pcDL-
SRa296( Bglll) replication-competent expression vecior™!
by the DEAE-dextran method.* Cells were anatyzed by
immunoblotting 48 h after transfection.
Immunoprecipitation 143B cells were lysed RIPA buffer.
Cell lysates containing 50 g of protein were incubated
with 50 gl of culture supernatants of hybridomas for
2 h. Proteins bound to antibodies were precipitated with



Protein G Sepharose 4B (Pharmacia), separated by
8% SDS-PAGE, transferred to PVYDF membrane, and
probed with anti-p85a rabbit antibody raised against the
recombinant p85a expressed in E. coli. Antibodies bound
to the membrane were visualized as described above.

In some experiments, 143B cells grown on 6 cm dishes
were labeled with 200 £Ci of [**S]methionine in 2 ml of
methionine-free MEM and immunoprecipitated. Proteins
were dissociated from Protein G-Sepharose in 30 x4l of 8
M urea, diluted in RIPA buffer and immunoprecipitated
again with the addition of antibodies and Protein G-
Sepharose, separated on 7% SDS-PAGE, and detected
by fluorography.

PI-3 kinase assay PI-3 kinase assay was carried out as
described previously'” except for washing of immuno-
precipitants with PBS.

Immunocytochemistry COS7 cells were transfected with
the p85a expression vector. Twenty-four hours later,
cells were replated on glass slides coated with fibronectin.
Forty-eight hours after transfection, cells were fixed
either in PBS containing 49z formalin for 5 min at 25°C,
in 95% methanol-5% acetone for 5 min at 4°C, in 80%
methanol for 30 min at 4°C, or in acetone for 5 min at
4°C, When cells were fixed in 4% formalin, they were
permeabilized for 5 min either in PBS containing 0.2%
Triten X-100 or methanol. Cells were incubated with
hybridoma supernatants for 2 h at 25°C and washed in
PBS, followed by incubation with FITC-conjugated anti-
mouse immunoglobulin antibody (TAGO). We used
confocal microscopy (BioRad) to observe the cells.

RESULTS

Generation and screening of anti-p85a¢ MAbs Human
p83a was expressed in E. coli and purified as described
in “Materials and Methods.” We used this recombinant
p85a to immunize BALB/c mice and to screen hybrid-
omas by ELISA.

Tissue culture supernatants of eighteen hybridomas
which were positive for the recombinant p85¢ by ELISA
were further examined for specificity by immunoblotting
using a total cell lysate of the 143B human osteosarcoma
cell line. An 85 kDa band was detected with all the
culture supernatants positive on ELISA (Fig. 1). Ten of
the hybridomas also detected another protein which ran
slightly more slowly than p85 in SDS-PAGE; this protein
appeared to be p8743, as will be described later.
Cross-reactivities of anti-p85a MAbs with p878 In an
attempt to examine whether the 87 kDa band detected by
immunoblotting might be p878, cDNAs coding for p85a
and p877 were expressed in COS7 cells (Fig. 2). MAb
AB6, which detected a single band at 83 kDa, reacted
only with p85a expressed in COS7 cells {lanes 1 to 3). In
contrast, MAb CB2, which detected two bands at 85 and

Structure of p85 of PI-3 Kinase

Fig. 1. Specific recognition of p85a by anti-p83a MAbs.
143B human osteosarcoma cells were directly lysed with
Laemmli’s buffer, separated by 8% SDS-PAGE, transferred
to PYDF membrane, and probed with the culture super-
natants of hybridomas. Bound antibodies were detected with
the anti-mouse goat antibody conjugated with alkaline phos-
phatase and BCIP/NBT as substrates. The names of hybrido-
mas are indicated at the top. Poly: polyclonal mouse antibody
against p83a (> 1,000 dilution). NMS: normal mouse serum
{ X 1,000). Bars indicate the positions of prestained molecular
weight markers Of 200, 97, 68, and 46 kDa.

1 2 3456

Fig. 2. Cross-reactivity of anti-p85a MAbs with p875. p85a
and p878 expressed in COS7 cells were analyzed by immuno-
blotting as described in the legend to Fig. 1, except that
they were visualized with an ECL chemiluminescence system.
MAbs AB6 (lanes 1, 2, 3) and CB2 (lanes 4, 5, 6) were used
as probes. Lanes 1 and 4, p85«; lanes 2 and 5, p873; lanes 3
and 6, mixture of p85z and p875. Bars indicate the positions
of prestained molecular weight markers of 200, 116, 80, and
50 kDa.

87 kDa, reacted with both p85a and p875 expressed in
COS7 cells (lanes 4 and 5). We could not distinguish two
bands corresponding to p85a and p873 in lane 6, proba-
bly due to abundunt expression of these proteins in
COS87 cells. The p85a and p875 expressed in COS7 cells
co-migrated with the 85 and 87 kDa proteins of 143B
cells (data not shown), strongly suggesting that these are
identical proteins.

Epitope mapping of anti-p85a MAbs The reactivity of
the anti-p85a MAbs in immunocblotting experiments sug-
gests that these MAbs recognize the primary amino acid
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sequences. This enabled us to determine the epitope
regions for the MAbs on seven mutant p85a proteins
expressed in E. coli (Fig. 3a). According to the structures
of these mutant proteins, the epitope regions were arbi-
trarily divided into seven regions, designated as regions
A to G. Their amino acid positions were as follows: A,
1-79; B, 81-262; C, 264-338; D, 339-429; E, 431-512;
F, 513-562; G, 564-724. Epitopes for the MAbs were
mapped in five regions (A, B, C, D, and F) according to
the patterns of immunoblotting (Fig. 3b), however, it is
possible that some of these MAbs recognize boundaries
of these epitope regions.

Immunoprecipitation of native p85«a with the anti-p85a
MAbs We examined the reactivity of the anti-pR5a
MADs to the native p85¢ in eukaryocytes using immuno-
precipitation (Fig. 4a, Table T). Saturating amounts of
MAbs were incubated with 50 g of 143B cell lysate.
All MAbs against epitope regions A and B immuno-
precipitated p85a, although the efficiency was slightly
different with each MAb. The MAbs against epitope re-
gions C, D, and F did not immunoprecipitate p85a. To
examine whether the antibodies against the carboxyl-
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terminus of p85a (epitope G) could immunoprecipitate
p85a, we prepared polyclonal mouse antibody by immu-
nization of PvuS protein expressed in E. coli (epitope G,
Fig. 3a). This antibody precipitated p85a from COS7
cells expressing human p85a cDNA (Fig. 4b, lane 5) and
from 143B cells (data not shown) as did MAbs against
epitope regions A and B (Fig. 4b, lanes 1 and 2). Neither
mouse polyclonal antibody against GST (lane 6) nor
MADbs against regions C and D (lanes 3 and 4) immuno-
precipitated p85a. This result suggests that the central
region of p85a is not exposed in the native conformation,
possibly owing to the steric hindrance of p110 or of the
other region of p85¢ itself.

Immunoprecipitation of p85a expressed in E. coli with
the anti-p85a¢ MAbs We utilized mutant p85a proteins
expressed in E. coli (Fig. 3a) to examine the possibility
that the central region of p85a was masked by other
domains of p85a itself. MAbs against regions A and B
and GST immunoprecipitated the authentic fusion pro-
tein which consisted of p85a and GST (Fig. 5, lanes 1, 2
and 5). MAbs against regions C and D (lanes 3 and 4)
did not immunoprecipitate the p85a. Deletion of the A
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Fig. 3. Epitope mapping of anti-p85a¢ MAbs. a, p85a was arbitrarily divided into seven epitope regions based on the
restriction sites, A to G, as indicated at the top., One SH3 and two SH2 regions are shown as a hatched box and closed
boxes, respectively. Seven deletion mutants were used for epitope mapping (ASna, Scal, ARV, PvuS, ScaPvu,
AXhoSau, and ADraPvu). Pvul was used in the experiments described in the legend to Fig. 5. The precise amino acid
positions of mutant p85a are described in “Materials and Methods.” b. p85a and the mutants were expressed in E. coli
as fusion proteins with GST. Cells were lysed with Laemmli’s buffer, separated by 8% SDS-PAGE, transferred to
PVDF membrane, and probed with MAbs. An ECL chemiluminescence system was used for detection of bound
antibodies, MAbs were divided into five groups based on their reactivity to the mutant p835a’s. Typical patterns of
immunoblotting for each epitope region are shown here. MAbs AB6 (panel A), CC8 (panel B), BB4 (panel C), BE§
(panel D) and BA3 (panel F) were used as the representatives of epitope regions A, B, C, D and F, respectively, The
position of the panels are shown in the right side of the lower part. Lane 1, p85¢; lane 2, ASna; lane 3, ScaL; lane 4,
ARYV; lane 5, PvuS; lane 6, ScaPvu; lane 7, AXhoSau; lane 8, ADraPvu. Bars indicate the positions of prestained

molecular weight markers of 116, 80, and 30 kDa.
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Immunoprecipitation of human p835¢ by anti-p85a MAbs. a, Lysates of 143B human osteosarcoma cells were

immunoprecipitated with the MAbs and polyclonal mouse sera shown at the top. Poly: mouse polyclonal antibody
against p85a. NMS: normal mouse serum. The bound proteins were separated by 8% SDS-PAGE and probed with a
rabbit anti-p&5a antibody, followed by anti-rabbit goat antibody conjugated with alkaline phosphatase and BCIP/NBT.
Bars indicate the positions of prestained molecular weight markers of 200, 97, and 68 kDa, b, COS7 cells expressing
p85x were labeled with [**S]methionine, lysed with RIPA buffer, and precipitated with anti-p85a antibodies: AB6
(epitope A, lane 1), CC8 (epitope B, lane 2), BB4 (epitope C, lane 3), BE6 (epitope D, lane 4), anti-C-terminus
pelyclonal antibody (epitope G, lane 5), anti-GST antibody (lane 6), and anti-feline immunodeficiency virus MAb
(lane 7). Bars indicate the positions of molecular weight markers at 116, 93, 68, and 46 kDa.

Table I. Characterization of Monoclonal Antibodies against
p85a
Epitope Immuno- Binding Cross-reac-

Clope region” precipitation® o pliQ tivity with § Isotype
AB6 A ++ + — IeGl, &
AB7 A ++ + — IgGl, &
BF3 A -+ + - IgGl, &
AA4 B + ND? + IgGl, &
ACS3 B + ND — IgGl, &
BAS B + ND - IgGl, &
BE4 B ++ + + IgGl, &
CA3 B ++ -+ + IgGl, &
CB2 B ++ + + IgG2b, &
CB3 B ++ + - IgGl, &
CC8 B ++ + - IgGl, &
CD1 B ++ + + IgGl, &
CDg B +-+ + + IeGl, &
AES C - ND + IgGl, &
BB4 C - ND -+ IeGl, &
BE6 D — ND - IeGl, &
BFo6 D — ND — IeGl, &
BA3 F — ND + IgM, &

a) p85x was divided into seven epitope, regions, labeled A
to G (Fig. 3a).

b) The relative amounts of p85a which was immunoprecipi-
tated by anti-p85a¢ MAbs are indicated by ++ and +
(Fig. 4a).

¢) ND, not determined.

region (ASna) gave similar results to the authentic p85a,
except that no signal was detected with the anti-A region
MAb. However, further deletion of the B and C regions
(ScaL and ARV, respectively) made the mutants reactive

123456
p8Sa —— =

ARV o

e ow - : = 4
Pvul. ——=—=

Fig. 5. Immunoprecipitation of p85a and its mutants with
anti-p85¢ MAbs. p85a, N-terminus deletion mutants (ASna,
ScaL, ARV), and a C-terminus deletion mutant (Pvul) were
expressed in E. coli. Cells were lysed in RIPA buffer and
immunoprecipitated with the anti-p85@ MAbs AB6 (epitope
A, lane 1), CC8 (epitope &, lane 2), BB4 (epitope C, lane 3),
and BE6 (epitope D, lane 4}, or by anti-GST (lane 5), or by
anti-feline immunodeficiency virus MAb. Immunoprecipitates
were analyzed by immunoblotting with anti-p85a rabbit
serum used as described in Fig. 3.

with the MAbs against regions C and ID. A mutant which
lacked the carboxyl-terminal G region (Pvul.) also ex-
hibited reactivity with MAbs against regions C and D,
These results indicate that MAbs against regions C and
D can immunoprecipitate the p85a if the epitopes are
exposed and that both amino- and carboxyl-termini block
the binding of MAbs to the central part of p85a.
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Immunocytochemical analysis of p85a mutants expressed
in eucaryotic cells To confirm our result that SH2(N)
of p85«¢ is masked in the authentic p85a protein, we
examined the reactivity of anti-p85a¢ MAbs to p85a
mutants expressed in COS cells by immunocytochemistry
(Fig. 6). Use of confocal microscopy enabled us to
analyze the reactivity quantitatively. MAbs to the amino-
terminal regions (epitopes A and B) reacted with the
authentic p85a (Fig. 6, panels a) and carboxyl-terminal
mutants (¢ and d), but not to the amino-terminal mutant
(b). Anti-epitope C MADb showed only weak reactivity,
demonstrated as yellow to blue color, with the authentic
and amino-terminal-mutant p85a’s (Fig. 6, a and b). In
contrast, the deletion of carboxyl-terminus of p85a
significantly increased the reactivity, demonstrated as red

color, with the anti-epitope C MAD (c and d). An MADb
against the central part of p85a (epitope D) reacted only
with mutant p85a’s lacking either the amino or carboxyl
terminus (b to d), but not with the authentic p85a (a).
These results support the idea that the central part of
p85a is not exposed in the native conformation.

We detected p85a in the cytoplasm, predominantly
around the nuclei in COS7 cells that expressed p85a
cDNA. The nuclei and cytoplasmic membranes were not
stained. Polyclonal rebbit and mouse antibodies against
p85a yielded similar results (data not shown). Alterna-
tive fixation with reagents such as methanol or acetone
did not change the pattern of staining (data not shown).
Co-precipitation of p110 and PI-3K activity with p85a
The association between p85a and pl10 was examined

anti—epitope C MAb

Fig. 6.

anti—epitope D MAb

Immunocytochemical analysis of p85a and its mutants expressed in COS7 cells. COS7 cells transfected with

expression vectors for p85a and its mutants were fixed with 80% methanol for 15 min at 4°C and incubated with anti-
p85a MAbs (anti-epitope A, AB6; anti-epitope B, CC8; anti-epitope C, AER; anti-epitope D, BE6) followed by FITC-
conjugated anti-mouse immunoglobulin antibody. Cells were observed by confocal microscopy (magnification, < 800).
The intensity of the signals is indicated by the use of false colors: red, high; yellow, intermediate; blue, low. Mutants
of each panel are as follows: a, authentic p83a (amino acid position 1-724); b, Scal. (111-724); ¢, AC5 (1-656);

d, AC9Y (1 579).
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Fig. 7. Association of p85a with pl110 subunit and PI-3K
activity. a, 143B cells were labeled with [*S]methionine,
lysed with RIPA buffer, and immunoprecipitated with anti-
p85a MAbs AB6 (lane 1) and CB2 (lane 2) as described in
“Materials and Methods.” Proteins were detected -by fluoro-
graphy. b, 143B cells were lysed with NP-40 buffer and im-
munoprecipitated with anti-p85e¢ MAbs AB6 (lane 1) and
AB7 (lane 2); anti-p85a mouse serum (lane 3); anti-p85a
rabbit serum (lane 4); anti-feline immunodeficiency virus
MAD (lane 5). Immunoprecipitates were applied to the PI-3K
assay as described in “Materials and Methods.”

by immunoprecipitation of p83a from [**S]methionine-
labeled cell lysates (Fig. 7a, Table I). A 100 kIDa pro-
tein was the only protein co-precipitated with p83a,
supporting previous finding that PI-3K consists of two
subunits of p85 and p110Q. All antibodies which efficiently
reacted with p85a co-precipitated pl10 (Table I). We
confirmed that these antibodies co-precipitated PI-3K
activity (Fig. 7b). ‘

Tissue distribution of p85¢ by immunoblotting We ex-
amined the tissue distribution of p85a protein by immu-

Structure of pd5 of PI-3 Kinase
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Fig. 8. Immunoblot analysis of p85a and p878 in various

tissues of Mastomys coucha. Twenty micrograms of protein
extracted from tissues was separated by 8% SDS-PAGE, trans-
ferred to PVDF membrane and probed with either AB6 (a),
which reacts only with p85a or CB2 (b), which reacts with
both p85a and p873. p85a and p875 expressed in COS cells
were used as positive controls. Bars indicate the positions of
prestained molecular weight markers of 200, 116, and 80 kDa.

noblotting with anti-p85a MAbs reactive only with p85a
or with both p85a and p875 (Fig. 8 a and b). Twelve out
of fourteen organs of multimammate mouse, Mastormys
coucha, contained p85a at a detectable level. Among
them, higher expression of p85a was detected in the
spleen and thymus. We could not detect either p85a
or p878 in the kidney and thyroid gland. Because we
could not discriminate p875 from p83a of Mastomys
coucha by SDS-PAGE, the distribution of p875 could not
be examined.

DISCUSSION

We have established a series of hybridomas producing
MADbs against the p85a subunit of human PI-3K and
determined their epitope regions. These MAbs covered at
least 5 distinct epitopes which were dispersed on the
amino-terminal two-thirds of p83a. Although the whole
p85a protein was used for immunization, no hybridoma
producing antibodies specific for the carboxyl-terminus
was obtained. Polyclonal antibodies obtained from the
mice used to produce the hybridomas did not detect the
carboxyl-terminal region of p85a expressed in E. coli by
immunoblotting (data not shown). We immunized mice
with the PvuS mutant, which consists of the carboxyl-
terminal region of p85a. However, the titer of antisera to
detect p85a was much lower than that obtained immuni-
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zation of whole p85x. These results appear to reflect
weak antigenicity of the carboxyl-terminus of p85a.

The variety of MAbs enabled us to study the structure
of p85a. MAbs against the amino-terminal (epitopes A
and B) and a polyclonal antibody against the carboxyl-
terminal regions immunoprecipitated p85a from 143B
cell lysates, whereas MAbs against the central region
{epitope C, D, and F) failed to do so. This was also the
case when we used p85a overexpressed in E. coli or in
COS7 cells. In 143B cells, a substantial part of p85a was
bound to pl10 (8. Tanaka and M. Matsuda, unpublished
observation). Therefore, the observation would primarily
refiect the p85a bound to p110. Since overexpression of
p&5a results in large pools of the free form of p85a, these
results indicate that not only p85a bound to pl110, but
also the free form of p85a cannot be immunoprecipitated
with MAbs against the central region of p85a. These
results indicate that the central region of p85a (epitope
regions C, D, and F) is masked in both forms of p85a,
bound to and not bound to pll0. Furthermore, we
confirmed this by examining the reactivity of MAbs with
P85« and its deletion mutants expressed in COS7 monkey
cells by using confocal microscopy. Again, the reactivity
of MADbs against epitopes C and D significantly increased
upon deletion of either the amino or the carboxyl termi-
nus of p&5a.

An explanation as to why MAbs that did not immuno-
precipitate p85a showed positive signals in the ELISA
system awaits further experiments. Binding of p85«a to
ELISA plates, which is thought to be mediated by hydro-
phobic interaction, might have changed the conforma-
tion of p85a, exposing the central region.

Our preliminary results suggest that the central part of
p83a is required for binding to pl110 and that the pres-
ence of both amino- and carboxyl-termini of p85a blocks
the binding (F. Shibasaki in preparation}. This finding
supports the idea that the pl10 prevents immunopre-
cipitation with MAbs against the central part of p85a.

Recently, Williams and his colleagues showed that
SH2(C) has stronger affinity for the autophosphorylated
site of PDGF receptor than SH2(N).*? This can be
understood from our results suggesting that SH2{(N)
might be masked by pl10 or the amino and carboxyl
termini of p85¢ itself, and that SH2(C) was exposed in
the native p85e.

PI-3K has two SH2 regions, as do GAP and PLC-7.
Because each SH2 region binds to a distinct set of
phosphotyrosine-containing proteins,™ **-** the two SH2
regions of p85x might allow binding to a broader range
of target proteins. In the case of PLC-y, the SH2(N)
reinforces the binding mediated by SH2(C). Although
the SH2(C) of PLC-y has only a weak capacity to bind
phosphotyrosine-containing proteins, it enhances the
binding of phosphotyrosine-containing proteins by SH2-
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Fig. 9. Structure of PI-3K. The SH2(N) is masked by SH3,
SH2(C), and pl10 subunit of PI-3K. Only SH2(C) mediates
the binding to the phosphotyrosine-containing proteins.

(N).**) However, our results here indicate that the
functions of the two SH2 regions may be distinet in PI-
JK because SH2(N) is not exposed in the native con-
formation (Fig. 9). The SH2(C) might be involved in
binding to the growth factor receptors and SH2(N)
possibly in binding to p110 or in maintenance of confor-
mation of p85 and pl10. Another possibility is that the
SH2(N) might bind to a phosphotyrosine- or phospho-
threonine-containing peptide sequence intramolecularly.
Similar models have been proposed for p60~* 3 and the
BCR protein.”” We are currently investigating whether
or not some modification, such as dephosphorylation,
might be necessary for exposure of SH2(N).

The amino acid sequences of p85a and p875 are highly
homologous throughout the coding sequence. This
apparently results in the production of anti-p85a MADs
that are cross-reactive with p873. All MAbs examined
thus far cross-reacted to p83a from rat and simian cell
lines (data not shown), indicating high homology among
p85a’s of mammalian species.

Immunocytochemistry with confocal microscopy
demonstrated p85a was localized predominantly in the
cytoplasm, particularly around the nucleus. This finding
is consistent with previous biochemical analyses in which
most of the PI-3K activity was recovered in the cytosolic
fraction.’® - *® Although we observed patchy enrichment
of p83a in the cytoplasm, the details of this finding await
further examination. By using this system, we are cur-
rently studying the subcellular localization of p85 before
and after the activation of tyrosine kinases.

We found that spleen and thymus contained higher
amount of p85a protein than the other tissues. This
supports recent findings suggesting a significant role of
PI-3K in the signal transduction of lymphocytes.?®?®
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