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Class | PI3-kinases signal downstream of receptor tyrosine kinases
and G protein-coupled receptors and have been implicated in tu-
morigenesis. Although the oncogenic potential of the PI3-kinase
subunit p110a requires its mutational activation, other p110 iso-
forms can induce transformation when overexpressed in the wild-
type state. In wild-type p110a, N345 in the C2 domain forms hydro-
gen bonds with D560 and N564 in the inter-SH2 (iSH2) domain of
p85, and mutations of p110a or p85 that disrupt this interface lead
to increased basal activity and transformation. Sequence analysis
reveals that N345 in p110« aligns with K342 in p110p. This differ-
ence makes wild-type p110p analogous to a previously described
oncogenic mutant, p110a-N345K. We now show that p110f is
inhibited by p85 to a lesser extent than p110a and is not differen-
tially inhibited by wild-type p85 versus p85 mutants that disrupt the
C2-iSH2 domain interface. Similar results were seen in soft agar and
focus-formation assays, where p110f was similar to p110a-N345K
in transforming potential. Inhibition of p110p by p85 was enhanced
by a K342N mutation in p110, which led to decreased activity in
vitro, decreased basal Akt and ribosomal protein S6 kinase (S6K1)
activation, and decreased transformation in NIH 3T3 cells. More-
over, unlike wild-type p1108, p110p-K342N was differentially reg-
ulated by wild-type and mutant p85, suggesting that the inhibitory
C2-iSH2 interface is functional in this mutant. This study shows
that the enhanced transforming potential of p110 is the result of
its decreased inhibition by p85, due to the disruption of an inhibi-
tory C2-iSH2 domain interface.

oncogenic mutation | oncogenic transformation | lipid kinase

I3-kinases are important regulators of cell growth and survival,
and they mediate responses to extracellular stimuli through
receptor tyrosine kinases (RTKs) and G protein-coupled recep-
tors (GPCRs) (1). Disruption of normal PI3-kinase signaling is
observed in cancer and many other diseases (1, 2). Class IA PI3-
kinases are obligate heterodimeric proteins composed of a cata-
lytic subunit (p110a, -p, -6) and a regulatory subunit (p85a, p85p,
pS5a, p5S0a, and pS5y) (3). It had been suggested previously that
class IA PI3-kinases function primarily downstream of RTKs, with
the Src homology 2 (SH2) domains of p85 targeting the p85/p110
dimers to phosphorylated tyrosine residues in activated receptors
or their adaptor molecules (1). However, recent data suggest that
p110B is activated downstream of GPCRs, although it still is un-
clear whether p110p is activated only by GPCRs or by RTKs as
well (4, 5).
p85 and p110 are multidomain proteins that interact with each
other and with multiple upstream regulators and downstream
effectors (6). p85 consists of an N-terminal Src homology 3 (SH3)
domain, two proline-rich regions surrounding a breakpoint cluster
region (BCR) homology region that can bind to small GTPases,
and two SH2 domains flanking the inter-SH2 (iSH2) antiparallel
coiled coil. Class IA p110 subunits are composed of an adaptor-
binding domain (ABD), a Ras-binding domain (RBD), a C2 do-
main, and helical and kinase domains. The ABD and C2 domains
of p110a bind to the p85 iSH2 domain (7, 8), and the p110a he-
lical, C2, and kinase domains contact the p85 N-terminal SH2
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(nSH2) domain (8, 9). These contacts are essential for the mod-
ulation of p110 activity and stability (7-11).

Mutations in PI3-kinase catalytic alpha polypeptide (PIK3CA;
p110a) and phosphatase and tensin homolog (PTEN) are among
the most common oncogenic mutations in a wide variety of cancers
(12). In contrast to p110a, mutations in other class IA catalytic
subunits have not been observed, although higher expression
levels of p110p and p1106 have been detected in some cancers
(13, 14). Kang et al. (15) showed that, unlike p110a, which is
nontransforming in its wild-type state and requires mutational
activation to transform cells, p110p, p110y, and p11038 are trans-
forming in their wild-type states when overexpressed. In this study,
we compare the regulation and signaling of p110p with that of
p110a and p1108. We show that, compared with p110a, p110p is
poorly inhibited by p85. Furthermore, p110p is inhibited to the
same extent by wild-type p85 and by an oncogenic p85 truncation
that disrupts an inhibitory contact involving the iSH2 domain of
p85 and the C2 domain of p110 (8, 11, 16). This behavior is rem-
iniscent of an oncogenic p110a-N345K mutant that also disrupts
this contact, and a sequence alignment suggests that N345 in
p110a is aligned with K342 in p110p. Introduction of a K342N
mutation into p110p enables the differential regulation of p110p
activity by wild-type and oncogenic p85 and reduces PI3K sig-
naling and cellular transformation to levels similar to those of
p110a. In contrast to p110p, p1108 seems to display an intact C2—
iSH2 interface, because its regulation by p85 is similar to that
observed for p110a. Our data suggest that the disruption of the
C2-iSH2 interface plays an important role in the oncogenic po-
tential of p110p but not of p1106.

Results

p110p Regulation by p85 Suggests a Disrupted C2-iSH2 Interface.
Sequence analysis of human p110a and p110p (http:/www.tcoffee.
org) shows that K342 in p110p is aligned with N345 in p110a (Fig.
1A). This alignment suggests that wild-type p110p might be similar
to the oncogenic mutant p110a-N345K, in which the inhibitory hy-
drogen bonding between N345 of the p110a C2 domain and D560
and N564 of the p85 iSH2 domain is disrupted (8, 11). p110a-N345K
shows reduced inhibition by p85, and its kinase activity and trans-
formation potential are not differentially regulated by wild-type p85
versus a truncation mutant in which C2-iSH2 contacts are disrupted
(p85-5725T°F) (11). In contrast, wild-type p110w is inhibited to
a much greater extent by wild-type p85 than by p85-5725T°F (17).
The loss of differential regulation by wild-type p85 versus p85-
5725TO% in p110a-N345K thus defines an assay for the disruption of
the C2-iSH2 interface.
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Fig. 1. Regulation of p110 activity and transformation potential by p85. (A)
Sequence alignment of p110a and p110p showing the position of the N345
position in p110« relative to K342 in p1108. (B) Recombinant p110a or p1108,
produced in insect cells, was incubated for 1 h at 4 °C without or with 1 pg of
wild-type or mutant p85ni and assayed for lipid kinase activity at 22 °C as
described. Data are the mean + SEM of triplicate samples from three
experiments. (C) NIH 3T3 cells were transiently transfected with p110a-myc or
p110p-myc alone or with wild-type or mutant p85ni. The top panel shows
p110 expression levels. The cells were plated in soft agar as described, and
colonies were counted after 3 wk. Colony counts are normalized to the
number produced by cells expressing p110a plus p85ni5725T°F. Data are the
mean + SEM of triplicate samples from three experiments. NS, not significant.

To test the hypothesis that the C2-iSH2 interface is disrupted
in p110p, we used a reconstitution assay to measure inhibition of
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p85. p110a showed a marked inhibition (80%) after incubation
with the nSH2-iSH2 fragment of p85 (p85ni), which behaves
identically to full-length p85 with regard to inhibition of p110
(6). However, as previously described (11), pl10a was poorly
inhibited by a p85ni-5725TOF mutant. In contrast, p110p showed
only 40-50% inhibition by either wild-type p85ni or the p85ni-
5725TOF mutant (Fig. 1B). This lack of differential regulation of
p110p also was observed using the p85 mutants D560K/N564K
and D560Y/N564D (Fig. 1B), which also target the C2-iSH2
interface (11, 18).

To compare the effects of p85ni and p85ni-57 on the
transformation potential of p110a and p110f in cells, we per-
formed a soft agar colony-formation assay. In transfected NIH
3T3 cells, pl10a-myc was poorly transforming when expressed
alone or with wild-type p85ni. However, coexpression of p85ni
5725TOF significantly enhanced the transformation potential of
p110a-myc (Fig. 1C). Consistent with the kinase activity data (Fig.
1B) and previous studies (15), p110p-myc was highly transforming
as compared with pl10a-myc. The transformation potential of
pl 101@-myc was the same whether coexpressed with p85ni or p85ni-
5728TOP "because both constructs caused a modest reduction in
colony number (Fig. 1C). Similar results were obtained using full-
length p85 or p85-5725TOF (Fig. S1A4). These data show that, un-
like p110a, p110p shows no differences in regulation by wild-type
versus mutant p85.

ZSTOP

p110p-K342N Shows Differential Regulation of Lipid Kinase Activity
by Wild-Type Versus Mutant p85. To determine whether the re-
duced inhibition of p110p by p85 is caused by the presence of
the lysine at residue 342, we mutated the residue to aspargine
(K342N) and measured the inhibition of wild-type versus K342N
pl110p-myc by recombinant wild-type p85ni or p835ni-5725TOF,
Wild-type p110p-myc showed similar levels of inhibition when
incubated with either protein, but p110p-K342N-myc showed
significantly greater inhibition with wild-type p85ni than with
p85ni-572STOF (Fig. 24). The activities of p85/p110p and p85-
5725T9P/p110p dimers were also similar, but the activity of p85-
5725TOP/5110p-K342N was significantly higher than that of p85/
p110p-K342N (Fig. S1B). We also transfected HEK 293T cells
with wild-type or K342N p110B-myc in the presence of HA-tagged
wild-type p85 and measured the lipid kinase activity of p110p-myc
in anti-HA-p85 immunoprecipitates (Fig. 2B). p85-bound p110p-
K324N-myc had significantly lower kinase activity than p85-bound
wild-type p110p-myc. These data suggest that the disruption of the
C2-iSH2 interface in wild-type p110p is responsible for its high
basal signaling activity.

A—— D110p3-myc

Fig. 2. Regulation of wild-type p110p and p110p-K342N
by p85. (A) HEK 293T cells were transfected with wild-type or
K342N myc-p1108. Anti-myc immunoprecipitates were in-
cubated for 1 h at 4 °Cwith wild-type or mutant p85ni and were
assayed for lipid kinase activity at 22 °C. Data are the mean +
SEM of triplicate samples from two experiments. The top panel
shows p110 expression levels. (B) HEK 293T cells were trans-
fected with wild-type or K342N p1108-myc and HA-tagged
wild-type p85. Anti-HA immunoprecipitates were analyzed for
myc-p110p levels by Western blotting (Upper) and for lipid ki-
nase activity (Lower). Data are the mean + SEM of triplicate
samples from two experiments.
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p1108-K342N Displays Lower Oncogenic Potential than Wild-Type
p110p and Is Differentially Regulated by Wild-Type and Mutant p85
in Vivo. We performed soft agar colony-formation assays on wild-
type and K342N p110p-myc alone or in the presence of p85ni
or p85ni-5725T°P, The transforming potential of p110-K342N-
myc alone was significantly less than that of wild-type p110p-myc
alone (Fig. 34). Furthermore, p110p-K342N-myc showed a dif-
ferential regulation of transformation potential with p85ni and
p85ni-572STOP similar to that seen with wild-type p110a (Fig.
1B). In contrast, wild-type p110p-myc did not show differential
regulation by wild-type versus mutant p85ni (Fig. 34). The same
pattern of differential regulation of K342N p110p-myc but not
wild-type p110f-myc also was seen in colony-formation assays
with full-length p85 or p85-5725T°F (Fig. S1C). This pattern was
confirmed further by a focus-formation assay, which tests the
ability of cells to escape contact inhibition. As expected, p110p-
K342N-myc showed a significant (~50%) decrease in the number
of foci formed compared with wild-type p110p-myc, and p85ni
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Fig. 3. Transformation potential of wild-type p1108 or p1108-K342N. (A) NIH
3T3 cells were transiently transfected with wild-type or K342N p110p-myc
alone or with wild-type or mutant p85ni. The top panel shows p110 expres-
sion levels. The cells were plated in soft agar, and colonies were counted after
3 wk. Colony counts were normalized to the number produced by cells
expressing p110p alone. Data are the mean + SEM of triplicate samples from
three experiments. (B) 3T3 cells were transiently transfected with wild-type or
K342N p110p-myc alone or with wild-type or mutant p85ni and were left to
grow to confluence for 2 wk. Foci were counted and normalized to the
number produced by cells expressing p110p alone. Data are the mean + SEM
of two experiments.
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and p85ni-5725TCP differentially regulated foci formation in cells
expressing p110p-K342N-myc but not in cells expressing wild-
type p110p-myc (Fig. 3B).

We also tested the effects of the p110p-K342N mutant on
downstream signaling. We transfected HEK 293T cells with wild-
type or K342N p110B-myc, alone or with p83ni or p85ni-5725T°F,
in the presence of myc-Akt or HA-labeled ribosomal protein S6
kinase (HA-S6K1). Wild-type p110p-myc resulted in a high basal
level of pT308-Akt, but the expression of pl10p-K342N-myc
caused a significantly lower level of basal Akt phosphorylation
(Fig. 44). Furthermore, pT308-Akt levels were differentially reg-
ulated by p85ni and p85ni-5725T°F in cells expressing p110p-
K342N-myc but not in cells expressing wild-type p110p-myc (Fig.
4A4). Similarly, pT389-S6K1 levels showed differential regulation
by p85ni and p85ni-57257°F only in cells expressing K342N
p110p-myc, not in cells expressing wild-type p110p-myc (Fig. 4B).

Differential Regulation of p110x by Wild-Type or Mutant p85 Is
Caused by the C2 Domain. To test directly the role of the C2-
iSH2 contacts in the regulation of p110a and p110p by p85, we
created chimeric p110 molecules (described in detail in Materials
and Methods). Chimera 1 contained the ABD and RBD domains
of p110a with the C2, helical, and kinase domains of p1108 (19),
and chimera 2 contained the ABD, RBD, and C2 domains of
p110a with the helical and kinase domains of p110p (Fig. 54).
Both chimeras have normal lipid kinase activity as compared with
wild-type p110p (ref. 19 and Fig. S2). In cells expressing chimera 1
(which has the C2 domain from p110p), we observed no difference
in pT308-Akt levels in the presence of p85ni or p85ni-5725TCF
(Fig. 5B). However, similar to p110p-K342N, cells expressing
chimera 2 (which has the C2 domain of p110a) showed a much
lower level of pT308-Akt in the presence of wild-type p85 as op-
posed to p835ni-5725T°F (Fig. 5B). We then performed soft agar
colony-formation assays on chimera 1 and chimera 2, alone or in
the presence of p85ni or p8ni 5725T°F. The transforming activity
of chimera 2 was ~60% of that of chimera 1 (Fig. 5C). Further-
more, chimera 2, but not chimera 1, showed differential suppres-
sion of its transformation potential by p85ni versus p85ni-5725T°F
(Fig. 5C). The loss of transformation activity in chimera 2 and its
acquisition of differential regulation by wild-type versus mutant
p85ni was not caused by a loss of interactions with Gfy; although
activation of chimera 1 by Gfy was somewhat reduced for un-
known reasons, activation of chimera 2 was similar to that seen
with wild-type p110p (Fig. 5D). These data identify the C2 domain
as a source of the distinct regulation of p110a and p110§ by p85.

p1105 Is Regulated Differentially by Wild-Type and Mutant p85,
Suggesting an Intact C2-iSH2 Interface. We also examined the
alignment of p110a with p1103. Although an alignment based on
the two crystal structures (20, 21) suggests that p110a-N345 aligns
with p1108-N334, the loop immediately C-terminal to N334 in
p1103 is not seen in the crystal structure, presumably because it is
mobile. Therefore we could not predict whether the C2-iSH2
domain contact is intact in the p85/p1108 dimer, so we tested
p1103 for differential regulation by wild-type or mutant p85 as an
assay for the presence of the C2-iSH2 interface.

In a reconstitution assay, recombinant p1108 was inhibited
by ~40% by wild-type p85 (Fig. 64), similar to effects seen with
p110p (Fig. 1B). Unlike p110p, however, p1108 was minimally
inhibited by p85-5725TCF. This result is similar to the loss of p1108
inhibition by p85 mutants observed by Jaiswal et al. (18). The
same pattern was seen for Akt activation in cells transfected with
p1108 alone or with p85; expression of p1105 did lead to activa-
tion of Akt, but this activation was differentially regulated by wild-
type p85ni and p85ni-5725T°F (Fig. 6B). Finally, we performed
soft agar colony-formation assays to test the transforming po-
tential of p1105 and its regulation by p85. p1108 was transforming
on its own, as had been observed previously (15). This trans-
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Fig. 4. Signaling downstream of wild-type or K342N p1108. (A) HEK 293T cells were transiently transfected with myc-Akt plus wild-type or K342N p110p-myc
alone or with wild-type or mutant p85ni. Cells then were starved overnight, and Akt immunoprecipitates were blotted with anti-pT308-Akt antibody. Data
are the mean + SEM of three experiments. (B) HEK 293T cells were transiently transfected with HA-S6K1 plus wild-type or K342N p110p-myc, alone or
with wild-type or mutant p85ni. Cells then were starved overnight, and S6K1 immunoprecipitates were blotted with anti-pT389-S6K1 antibody. Data are the

mean + SEM from two or three experiments.

forming potential was slightly decreased by coexpression with
p85ni and was significantly increased by coexpression with p85ni
5725TOP (Fig. 6C). These data suggest that the C2-iSH2 interface
is intact in p1108 and that its transforming potential is caused by
other factors.

Discussion

In this study, we have determined a mechanistic basis for the
higher basal transforming potential of p110p (Fig. S3). The in-
hibitory contacts between the p110 C2 and the p85 iSH2 domains
that are present in p110a are disrupted in p110f. This disruption
leads to a higher basal activity of the p85/p110p dimer and sub-
sequent constitutively activated downstream signaling. Stabilizing
the C2-iSH2 contacts by mutating Lys342 to asparagine in p110p
leads to decreased tumorigenesis and signaling similar to the
levels in wild-type p110a. Consistent with this model, the trans-
forming capacity of pl110f is reduced in a chimeric molecule
containing the C2 domain of p110a.

Previous studies have identified p110p as a key player in tumor
formation, particularly in PTEN-null models and cell lines (22—
25). It also has been shown that p110p, as well as p1108 and
p110y, are transforming in their wild-type state (15); the authors
noted the alignment of K342 in p110p with N345 in p110a and
hypothesized that p110p might be similar to the p110a-N345K
mutant. This suggestion was rebutted by Amzel et al. (20), whose
alignment shows N345 of p110a corresponding to N344 of p110p.
The discrepancy results from small differences in the placement
of gaps in the alignment, which are localized differently by dif-
ferent alignment algorithms.

Our data are clearly consistent with the alignment of K342 in
p110p with N345 of p110a. p110p acts like the p110a-N345K mu-
tant in that it is highly transforming, it has high basal Akt and S6K1
activation, and its lipid kinase activity is not regulated differentially
by p85ni versus p85ni-5725TF, The p835-5725TF mutant acts by
disrupting the C2-iSH?2 interface, and it has no phenotype when
paired with a p110a mutant in which this interface is already dis-

19900 | www.pnas.org/cgi/doi/10.1073/pnas.1008739107

rupted (11). In p1108-K342N, the C2-iSH2 contact is similar to
that in wild-type p110a, decreasing transforming potential and re-
storing differential regulation by wild-type and mutant p85.

Our alignment of p110a-N345 with p1108-K342 is supported
by the biochemical experiments but cannot be considered de-
finitive, given the lack of a p110p structure. We therefore calculated
energy scores for the comparative protein structure models that
were built for the alignment reported here, as opposed to one in
which p110p K342 is shifted two positions toward the N terminus, as
predicted by Amzel et al. (20). Although the differences in the
potentials scores were not statistically significant, they showed
a trend toward a lower energy state for the alignment of p110a-
N345 with p110p-K342 (—13.38 + 0.29, as opposed to —13.21 + 0.33
for the alignment of Amzel et al.).

We also compared p110a with p1108. Our biochemical data
clearly show that, despite its higher intrinsic transforming activity
(15), p1105 is differentially regulated by wild-type versus mutant
p85. This result suggests that p110f is unique among class 1A
PI3-kinase subunits in its failure to form the inhibitory C2-iSH2
interface (11). The mechanisms for the enhanced transforming
activity of p1108 remain to be discovered.

Although our data provide insight into the transforming poten-
tial of p110p, they do not explain a number of its other isoform-
specific characteristics. It is unlikely that differences in the C2-SH2
interface affect Gpy regulation of p110p, especially because we
show that the chimera containing the ABD, RBD, and C2 domains
of p110a but the helical and kinase domains of p110 is activated
by Gpy. However, the loss of p85 inhibition might be partially re-
sponsible for the minimal activation of p110p in response to re-
ceptor tyrosine kinase activation (5). Given that phosphopeptide
activation of Class IA PI3-kinase involves a disinhibition of p110
(10), the partial loss of p85 inhibition in p110p would be expected
to lead to a corresponding loss of activation when tyrosine phos-
phorylated proteins bind to the p85 nSH2 domain. This prediction
also is consistent with a recent study showing that p85 mutations
disrupting either the nSH2-helical domain interface or the iSH2-C2

Dbouk et al.
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the chimeras is described in detail in Materials and Methods. (B) HEK 293T cells were transiently transfected with myc-Akt plus myc-tagged chimera 1 or
chimera 2 alone or with wild-type or mutant p85ni. Cells were starved overnight, and Akt immunoprecipitates were blotted with anti-pT308-Akt antibody.
Data are the mean + SEM of two experiments. (C) NIH 3T3 cells were transiently transfected with myc-tagged chimera 1 or chimera 2 alone or with wild-type
or mutant p85ni. The top panel shows p110 expression levels. The cells were plated in soft agar, and colonies were counted after 3 wk. Colony counts were
normalized to the number produced by cells expressing chimera 1 alone. (D) HEK 293T cells were transfected with myc-Akt and p85 plus p110a-myc, p110p-
myc, or myc-tagged chimera 1 or chimera 2, with or without Gy subunits. Akt immunoprecipitates were blotted with anti-Akt and anti-pT308-Akt antibodies.

Data are the mean + SEM of three experiments.

domain interface act primarily through p110a rather than p110p
(26). Although we observed ~50% less phosphopeptide activa-
tion of p85/p110p dimers as compared with p85/p110a dimers in
vitro, Nurnberg and coworkers (27) reported similar levels of
phosphopeptide activation of p85/p110a and p85/p110p dimers.
Further experiments will be needed to clarify the relationship be-
tween the two known inhibitory interfaces in p85/p110a, involv-
ing the p85 nSH2 domain with the p110a helical domain and the
p85 iSH2 domain with the p110a C2 domain.

In summary, our data show that the lack of an inhibitory C2-
iSH2 interface in p85/p110p is at least partially responsible for its
high oncogenic potential as compared with p110a. These data
provide a logical basis for targeting the C2-iSH2 interface to
modulate the activity of p110p.

Materials and Methods

Construction of p110 Chimera. Chimera 1 (ABD-RBDpha/C2-helical-kinasepeta)
has been described previously (18). To construct chimera 2 (ABD-RBD-C2,na/
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helical-kinasepeta), We initially linked the ABD, RBD, and C2 domains of p110a
to the helical and kinase domains of p110p using a number of junction sites in
the C2-helical linker. None of these constructs were active. We then modeled
the structure of p110p on the crystal structure of p110a using the Modeler
program (28) and defined the interdomain contacts using the NCONT module
in the CCP4 computational suite (29). The C2 domain of p110p has an insert
(residues 408-432) not present in p110a that is predicted to be present at the
intramolecular C2-helical domain interface. We hypothesized that the lack of
this insert in the p110a C2 domain might disrupt its packing with the helical
domain of p110p. We therefore modified the C2 domain of p110a by inserting
residues 408-432 of p110p in place of residues 409-416 of p110a. Unlike the
inactive ABD-RBD-C2,ph./helical-kinaseyeta chimera, the ABD-RBD-C2(inser-
t)aipha/helical-kinasey,era had normal activity as compared with p110p (Fig. 52).

Sequence Alignment. Sequence alignment of human p110a and human p1108
was done using the Tcoffee alignment software (www.tcoffee.org).

Protein Modeling. Comparative protein structure models were built with the

MA4T approach (30-32) using MODELER (28). Energy scores were obtained
using PROSAII statistical pair-wise potential (33).
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Fig. 6. Regulation of p1105 activity, signaling, and transformation by wild-type and mutant p85. (A) HEK 293T cells were transfected with myc-p1105 as
described in Materials and Methods. Anti-myc immunoprecipitates were incubated for 1 h at 4 °C with wild-type or mutant full-length p85 and were assayed
for lipid kinase activity at 22 °C. Data are the mean + SEM of triplicate samples from two experiments. (B) HEK 293T cells were transiently transfected with
myc-Akt, plus untagged p1105 alone or with wild-type or mutant p85ni. Cells then were starved overnight, and Akt immunoprecipitates were blotted
with anti-pT308-Akt antibody. Data are the mean + SEM of two experiments. (C) NIH 3T3 cells were transiently transfected with untagged p1108 alone or
with wild-type or mutant p85ni. The top panel shows p110 expression levels. The cells were plated in soft agar, and colonies were counted after 3 wk. Colony
counts are normalized to the number produced by cells expressing p1105 alone. Data are the mean + SEM of triplicate samples from two experiments.

Complete materials and methods can be found in S/ Materials and
Methods.
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