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Elevating Akt activation is an obvious clinical strategy to prevent
progressive neuronal death in neurological diseases. However,
this endeavor has been hindered because of the lack of specific
Akt activators. Here, from a cell-based high-throughput chemical
genetic screening, we identified a small molecule SC79 that
inhibits Akt membrane translocation, but paradoxically activates
Akt in the cytosol. SC79 specifically binds to the PH domain of Akt.
SC79-bound Akt adopts a conformation favorable for phosphory-
lation by upstream protein kinases. In a hippocampal neuronal
culture system and a mouse model for ischemic stroke, the
cytosolic activation of Akt by SC79 is sufficient to recapitulate
the primary cellular function of Akt signaling, resulting in aug-
mented neuronal survival. Thus, SC79 is a unique specific Akt
activator that may be used to enhance Akt activity in various
physiological and pathological conditions.
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Akt/PKB, a serine/threonine protein kinase with antiapoptotic
activity, is one of the major downstream targets of PtdIns

(3,4,5)P3 signaling pathway. It contains a pleckstrin homology
domain (PH domain) that specifically binds PtdIns(3,4,5)P3 on
the plasma membrane. Under physiological condition, the PtdIns
(3,4,5)P3-mediated membrane translocation of Akt is essential
for its phosphorylation at Thr308 and Ser473 and the subsequent
activation. Activated Akt, in turn, phosphorylates a variety of
proteins, including several associated with cell survival/death
pathways such as BAD and FoxOs (1, 2). Akt is a crucial me-
diator of cell survival and its deactivation is implicated in various
stress-induced pathological cell death and degenerative diseases.
For example, Akt was shown to be important in mediating the
survival of a range of neuronal cell types. Deactivation of Akt
was implicated in pathogenesis of numerous neurological dis-
eases (3–7). In addition, Akt signaling is critically important for
myelination of axons (8, 9). Activation of Akt in myelin-forming
cells will be beneficial for various neuropathies, such as multiple
sclerosis, caused by demyelination of axons. The acute activation
of Akt is also beneficial to prevent apoptosis of cardiomyocytes
upon ischemic injury (6).
Elevating Akt signaling can be achieved by activating upstream

components by using certain growth factors or growth factor
receptor agonists. Akt phosphorylation and activation are di-
rectly determined by the level of PtdIns(3,4,5)P3 on the plasma
membrane, which is regulated by phosphatidylinositol 3′-kinases
(PI3-kinase or PI3K), the tumor suppressor PTEN, SHIP, and
5ptase IV (a phosphoinositide-specific inositol polyphosphate
5-phosphatase IV). It was reported that two inositol phosphates,
InsP7 and Ins(1,3,4,5)P4, compete for Akt-PH domain binding
with PtdIns(3,4,5)P3 both in vitro and in vivo, providing another
level of regulation for Akt membrane translocation and activa-
tion (10–13). Thus, activation of Akt can also be achieved by
manipulating these related cellular factors. However, none of

these approaches are specific because multiple signaling pathways
are activated downstream of the receptors or PtdIns(3,4,5)P3.
Despite the great need of Akt activator for a variety of thera-

peutic applications, the effort of identifying genuine activator of
Akt was ultimately unsuccessful. In this study, we setup a cell-based
high-throughput chemical genetic screening system aiming to
identifying novel Akt inhibitors that specifically target PtdIns
(3,4,5)P3-mediated Akt membrane translocation. However, par-
adoxically, from this screening, we discovered a genuine activator
of Akt that suppressed PHAKT-GFP plasma membrane trans-
location but enhanced Akt phosphorylation. It enables cytosolic
activation of Akt independent of PtdIns(3,4,5)P3-mediated Akt
membrane translocation. In addition, this activator-induced Akt
activation recapitulates the primary function of Akt signaling be-
cause it efficiently prevented excitotoxicity-induced neuronal death.

Results
High-Throughput Screening for Inhibitors of Akt Plasma Membrane
Translocation. To visualize Akt translocation, we used the PH
domain of Akt (PHAkt) fused with green fluorescent protein
(PHAkt-GFP) as a marker. When serum-starved cells were
stimulated with insulin-like growth factor (IGF), the membrane
translocation of PHAkt-GFP occurred within 5 min. As a con-
trol, IGF-elicited membrane translocation was significantly sup-
pressed in cells treated with LY294002, which inhibits PI3K
activity and, therefore, reduces the level of PtdIns(3,4,5)P3
on the plasma membrane (SI Appendix, Fig. S1). Using a stable
HeLa cell line expressing PHAkt-GFP fusion protein (SI Appen-
dix, Fig. S2), we performed a cell-based chemical genetic
screening for compounds that suppress IGF-induced PHAkt-GFP
membrane translocation (SI Appendix, Fig. S3). The pilot
screening identified 21 positive hits from a library containing 480
bioactive compounds. Several chemicals known to be able to in-
hibit PtdIns(3,4,5)P3 signaling, including Wortmannin, Celastrol,
Quercetin, and LY294002, were among the identified compounds
(SI Appendix, Fig. S4 and Table S1). The subsequent high-
throughput screening (HTS) of more than 60,000 synthetic
chemical compounds (SI Appendix, Table S2) identified 125 pos-
itive hits (Fig. 1A and SI Appendix, Table S3 and Fig. S5).
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To confirm the inhibitory effect of the positive hit compounds
on PHAkt-GFP membrane translocation, we examined PH-Akt
translocation by using time-lapse fluorescent imaging. We found
that 25 of the positive compounds generated autofluorescence
and their effect on PH-Akt membrane translocation was, in fact,
the result of greatly enhanced background fluorescence (SI Ap-
pendix, Table S3). Fifty-four of the initial 125 positive compounds
could inhibit IGF-induced Akt membrane translocation at the
concentration of 8 μg/mL (SI Appendix, Figs. S6 and S7). How-
ever, these compounds may have a general translocation in-
hibitory effect and, thus, prevent any protein from translocating
to the plasma membrane. In addition, some “positive hits” may
affect PtdIns(3,4,5)P3 level via modulating cellular levels of
phosphoinositides. To eliminate these possibilities, we examined
PtdIns(4,5)P2-mediated protein translocation. We used a cell
line stably expressing GFP-PLC-delta1-PH domain, which spe-
cifically binds to PtdIns(4,5)P2, but not PtdIns(3,4,5)P3 (14, 15).
It appeared that none of the positive hit compounds suppressed
the membrane localization of GFP-PLC-delta1-PH (SI Appendix,
Fig. S8). Another general issue in cell-based HTS is the indirect
effects of compounds on the assay readout (e.g., via inducing cell
death or affecting transcription or translation). None of the
positive hit compounds caused morphological changes in this
short period, suggesting that the inhibited PHAKT-GFP plasma
membrane translocation was not the result of cell death (SI Ap-
pendix, Fig. S9). However, many positive compounds turned out
to be toxic when cells were incubated with them for longer time
(SI Appendix, Fig. S9 and Table S4), indicating that these chem-
icals may target cellular components other than Akt.

Synthetic Compound SC79 Suppresses PHAKT-GFP Plasma Membrane
Translocation but Enhances Akt Phosphorylation and Activation in
the Cytosol. To investigate the effect of each positive hit com-
pound on Akt activity, we next assessed IGF-elicited Akt

phosphorylation, a commonly used reporter for Akt activation.
To our surprise, we unexpectedly found that one of the positive
hits, SC79, could suppress PHAKT-GFP plasma membrane
translocation but enhance Akt phosphorylation (Fig. 1B). Upon
PtdIns(3,4,5)P3-mediated recruitment to the plasma membrane,
Akt is phosphorylated at two different regulatory sites, T308 and
S473, respectively. Both phosphorylations were augmented by
SC79 treatment (Fig. 1C). In addition, SC79 not only enhanced
IGF1-induced Akt phosphorylation in serum-starved cells, but
also elevated the level of Akt phosphorylation in cells grown in
serum-rich medium (Fig. 1D). The kinetic studies revealed that
Akt phosphorylation could be increased within a minute of SC79
treatment (SI Appendix, Fig. S10).
Various chemicals targeting the ATP binding pocket of Akt

and inhibiting its kinase activity paradoxically lead to hyper-
phosphorylation of Akt (16, 17) (SI Appendix, Fig. S11). Im-
portantly, once the drug is removed, such phosphorylated Akt
was shown to be fully active (18). One explanation for SC79-
induced Akt phosphorylation might be that SC79 transiently
binds to the ATP binding pocket, leading to Akt phosphoryla-
tion, and then readily dissociates from the activated Akt. To
rule out this possibility, we first determined whether SC79 could
inhibit the Akt kinase activity in intact cells. At a comparable
concentration, SC79 failed to demonstrate any inhibition toward
Akt kinase activity. Instead, phosphorylation of several down-
stream effectors of Akt, including and FOXO, was much en-
hanced in SC79-treated cells, suggesting that SC79-induced
augmentation of Akt phosphorylation led to enhanced Akt ki-
nase activity (Fig. 1D). A compound that shares structure simi-
larity with SC79, HA14-1, showed the same effect (SI Appendix,
Fig. S11).
SC79 enhanced Akt phosphorylation but inhibited PtdIns

(3,4,5)P3-mediated Akt membrane translocation, indicating that
the binding between Akt and PtdIns(3,4,5)P3 may not be
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Fig. 1. High-throughput screening identifies a synthetic compound SC79 that suppresses PHAKT-GFP plasma membrane translocation but enhances Akt
phosphorylation and activation in the cytosol. (A) High-throughput screening identified SC79 as an inhibitor of Akt-PH domain translocation and an enhancer
of Akt phosphorylation. (B) Chemical structure of SC79. (C) SC79 augmented Akt phosphorylation at both the Thr308 and S473 sites. (D) SC79 enhanced
Akt phosphorylation and its kinase activity. Phosphorylation of downstream targets, GSK-3β and Foxo, was detected by using specific Phospho-GSK3β and
Phospho-Foxo antibodies. (E) The representative images of SC79-induced cytosolic phosphorylation of Akt. Cells were serum-starved for overnight and
then treated with IGF or SC79 for 15 min. The fixed cells were immunostained with the phospho-Akt (S473) antibody. (F) SC79-induced cytosolic phos-
phorylation of Akt analyzed by Western blotting. HeLa cells were serum starved for 1 h and treated with IGF (100 ng/mL) or SC79 (4 μg/mL) for 30 min. Total
cell lysate, cytosolic, and membrane fractions were resolved by SDS/PAGE and analyzed for phospho-Akt (S473), Total Akt, Tubulin (cytosolic marker),
and Orai1 (membrane marker) by Western blotting. (G) SC79 treatment led to phosphorylation of Akt (K14R) mutant, a PH domain mutant incapable of
binding to PtdIns(3,4,5)P3. Serum-starved cells stably expressing the V5-tagged Akt (K14R) were treated with IGF, SC79, or in combination before analysis
for Akt phosphorylation. The phosphorylated forms of endogenous and mutant Akt (K14R) were indicated by arrows. A mouse monoclonal V5 antibody
was used to detect Akt (K14R) mutant and to serve as the loading control. (H) Pretreatment with PI3K inhibitor wortmannin abolished SC79-induced Akt
activation.
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essential for SC79-induced Akt hyperactivation. Supporting this
notion, both immunostaining and biochemical analyses indicate
that IGF-induced Akt phosphorylation occurred near the plasma
membrane where the PtdIns(3,4,5)P3 was generated, whereas
SC79-induced Akt phosphorylation mainly occurred in the cy-
tosol (Fig. 1 E and F). In addition, SC79 also enhanced the
phosphorylation of an Akt mutant (K14R) that is deficient in
PtdIns(3,4,5)P3 binding function and, thus, cannot be activated
by IGF (Fig. 1G). Nevertheless, it is noteworthy that even in the
presence of SC79, Akt phosphorylation relied on production of
a certain amount of PtdIns(3,4,5)P3, because PDK1 still required
PtdIns(3,4,5)P3 for activation. Therefore, treatment with PI3K
inhibitor wortmannin significantly suppressed Akt phosphoryla-
tion in both SC79-treated and -untreated cells (Fig. 1H).

SC79 Enhances Phosphorylation of all Three Akt Isoforms and Elevates
Akt Activation in Multiple Cell Types. There are three Akt isoforms
in mammalian cells with an almost identical PtdIns(3,4,5)P3-
binding PH domain. The original screening was conducted by
using Akt1-PH domain. In some contexts, the differential acti-
vation and functional specificity of Akt isoforms have been ob-
served. For instance, in neutrophils, Akt2 but not Akt1 was
shown to be recruited to the plasma membrane upon chemo-
attractant stimulation (19). We, therefore, wondered whether
SC79 could show any isoform specific activity. We tested this
possibility in cells stably expressing individual Akt isoform. SC79
was able to potently activate all isoforms, indicating that it may
act as a pan-Akt activator (Fig. 2A). In addition, the effect of
SC79 on Akt activation was not limited to HeLa cells. SC79-
induced Akt hyperphosphorylation was detected in all cell types
examined in this study, including HEK293, HeLa, HL60, NB4,
and HsSulton (B cells) cells (Fig. 2B).

SC79 Specifically Enhances Akt Phosphorylation and Activation in
both Receptor Tyrosine Kinase- and GPCR-Mediated Signaling. It is
known that PH-domain membrane translocation can also be in-
duced by activation of G protein coupled receptors (GPCRs) (8,
11). The general Akt activator should also enhance GPCR-medi-
ated Akt activation. To test this hypothesis, we examined the effect
of SC79 on Akt phosphorylation in neutrophil-like differentiated
HL60 cells (dHL60). Chemoattractants, such as methionyl-leucyl-
phenylalanine (fMLP), bind receptors on cell membrane, leading
to activation of GPCR and PtdIns(3,4,5)P3/Akt signaling. Treat-
ment with SC79-elevated Akt phosphorylation in both unstimu-
lated- and fMLP-stimulated dHL60 cells, demonstrating that SC79
also acts as an Akt activator in GPCR signaling (Fig. 2C). Similar
to what was observed in HeLa cells, SC79-elicited Akt activation in
dHL60 cells also mainly occurred in cytosol (Fig. 2D).
Effect of SC79 on Akt appeared to be specific. A recent sys-

tematic study revealed a great diversity among various PtdIns
(3,4,5)P3-binding PH domains (20). For example, the PH do-
main of IL2-inducible T-cell Kinase (ITK), a Tec family protein
tyrosine kinase, is diverged from that of Akt (SI Appendix, Fig.
S12). Although both Akt and ITK were translocated to the
plasma membrane upon IGF stimulation, pretreatment with
SC79 significantly inhibited Akt-PH domain translocation, but
not Itk-PH domain translocation, even at a higher concentration
(Fig. 2E). We also carried out a converse experiment in which
cells were prestimulated with IGF followed by SC79 treatment.
Consistent with its inhibition of membrane translocation, SC79
led to an efficient dissociation of Akt-PH domain from the
membrane while it showed a relative inefficacy toward Itk PH
domain (Fig. 2F).

SC79 Directly Binds to Akt and Converts It to an Active Conformation
More Amenable to Be Phosphorylated by Upstream Kinases. We
hypothesize that SC79 directly binds to Akt-PH domain and
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Fig. 2. SC79 is a pan-Akt activator that specifically enhances Akt phosphorylation and activation in multiple cell types and in both receptor tyrosine kinase-
and GPCR-mediated signaling. (A) HEK293 cells stably expressing the individual Akt isoforms were treated with indicated amounts of SC79. (B) Indicated cell
lines was treated with SC79 (8 μg/mL) for 30 min and phosphorylation of Akt (Ser473) and its downstream targets, GSK-3β and Foxo1, was analyzed. Total Akt
and actin were used as loading control. (C) Differentiated HL-60 cells was pretreated with SC79 (4 μg/mL) or DMSO for 5 min and then stimulated with fMLP
for indicated time. Phosphorylation of Akt (Ser473) was analyzed as described above. (D) dHL60 were stimulated as described above. Total cell lysate,
cytosolic, and membrane fractions were resolved by SDS/PAGE and analyzed for phospho-Akt (S473), Total Akt, Tubulin (cytosolic marker), and Orai1
(membrane marker) by Western blotting as described in Fig. 1F. (E) Pretreatment of SC79 prevented PtdIns(3,4,5)P3-mediated membrane translocation of Akt
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converts Akt from an inactive conformation to an active con-
formation, leading to hyperactivation of Akt. To determine
whether SC79 directly interacts with the Akt-PH domain, we
performed an in vitro binding assay with PtdIns(3,4,5)P3-coated
beads. In the presence of increasing amounts of SC79, Akt-PH-
EGFP brought down by PtdIns(3,4,5)P3 beads was found to be
reduced, indicating that SC79 could directly bind to PH domain
and compete with PtdIns(3,4,5)P3 for such binding (Fig. 3 A and
B). In contrast to Akt PH domain, the in vitro PtdIns(3,4,5)P3
binding capacity of Itk PH domain was unaffected by SC79, al-
though Itk PH domain manifested a relatively higher affinity to-
ward PtdIns(3,4,5)P3 compared with Akt-PH domain (Fig. 3C).
The structure of Akt PH domain has been reported (21).

PtdIns(3,4,5)P3 binds to a shallow pocket in the Akt PH domain
largely mediated through several salt bridges between the phos-
phate groups and basic residues in the protein. Molecular
docking of Akt-PH domain with SC79 revealed that SC79 binds
to the same PtdIns(3,4,5)P3 binding pocket (Fig. 3D). By per-
forming circular dichroism (CD) spectroscopy, we further ex-
amined whether the binding of SC79 to the PH domain can alter
the overall structure of Akt. Far-UV CD spectra were recorded
for full-length human Akt1 in the presence or absence of SC79
(Fig. 3E). The overall secondary structural content of Akt1 was
decreased by 4.3% because of ligand binding at both 25 μM and
50 μM concentrations (Fig. 3E and SI Appendix, Table S5). At 25
μM, SC79 binding resulted in a decrease in α-helical content by
17% and an increase in β-strand content by 19% compared with
Akt1 alone (Fig. 3E and SI Appendix, Table S5). These results
indicate that SC79 can physically interact with and modulate the
structure of Akt.
SC79 significantly increased the level of Akt phosphorylation.

One possibility is that, in the presence of SC79, the phosphory-
lated Akt could be more resistant to dephosphorylation by cel-
lular phosphatases. To test this possibility, we examined whether
SC79 affects Akt dephosphorylation by using an in vitro assay.
When the cytosolic extract of HEK293 cells was incubated at

37 °C, a dramatic dephosphorylation of T308 ensued, whereas
that of S473 was progressed in a relatively slower kinetics. Under
this condition, neither the cytosolic extract from SC79 pretreated
cells nor addition of SC79 to the cell lysate attenuated de-
phosphorylation of either T308 or S473 site (Fig. 3F).
To provide direct evidence that SC79-bound Akt adopts a

conformation more amenable to be phosphorylated by upstream
kinases, we explored the effect of SC79 on Akt phosphorylation
by using a cell-free assay. Unphosphorylated Akt was immuno-
precipitated from the lysate of serum-starved cells. In vitro
phosphorylation by purified PDK1 was conducted in the presence
or absence of SC79. This assay revealed that SC79 could enhance
Akt phosphorylation at T308 site by PDK1. Interestingly, when
T308 site was highly phosphorylated, the phosphorylation at S473
site was also dramatically increased in the absence of any PDK2
kinases (Fig. 3G). The in vitro autophosphorylation at S473 site,
which depends on T308 phosphorylation, has been reported (22).
Thus, our finding is consistent with this report and supports
a positive role for SC79 in T308 phosphorylation by PDK1.

SC79 Reduces Neuronal Excitotoxicity and Prevents Stroke-Induced
Neuronal Death. Next, we determined whether SC79-induced Akt
activation could recapitulate the physiological function of Akt
signaling. Because Akt deactivation is a causal mediator of
neuronal death in various neurological diseases, we investigated
whether SC79 can suppress such pathological neuronal death by
preventing Akt deactivation. We first examined the effect of
SC79 on neuronal death elicited by glutamate excitotoxicity.
Excitotoxicity-induced neuronal death is a unique type of cell
death that is mainly mediated by N-methyl-D-aspartate (NMDA)
receptors (3, 23–25). Akt deactivation is a causal mediator of
excitotoxicity-induced neuronal death (26). Treatment of cultured
cortical neurons with Akt activator SC79 markedly enhanced Akt
phosphorylation without altering total Akt levels (Fig. 4A). Sim-
ilarly, SC79 treatment substantially reduced the death of
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a glutamate-challenged hippocampal neurons as monitored by
cellular morphology and nuclear staining (26) (Fig. 4B).
To ascertain whether SC79 can lead to Akt hyperactivation

and prevent glutamate-mediated neurotoxicity in intact organ-
isms, an ischemic stroke model was used. We subjected mice to
middle cerebral artery occlusion (MCAO), which elicits sub-
stantial cell death in the area of the occlusion. Most clinical
symptoms of stroke, such as paralysis, aphasia, visual distur-
bance, and memory loss, are caused by neuronal death elicited by
oxygen-glucose deprivation (OGD), which is a result of lack of
blood flow. Stroke-initiated OGD in affected brain regions
induces a dramatic elevation of glutamate in the synaptic clefts
that, in turn, causes massive excitotoxicity-elicited neuronal cell
death (27, 28). Akt was identified as a potential target for
treating stroke-induced neuronal death (29–32). Consistently,
i.p. pretreatment with SC79 in mice effectively prevented stroke-
induced Akt deactivation (Fig. 4 C and D). Consequently, it
provided protection from excitotoxicity-induced brain damage in
both the cortical area and striatum. The effect of SC79 was
potent, with a single dose of SC79, 0.04 mg/g of body weight
(equivalent to 0.5 μM), reducing the neocortical lesion size by
35% 24 h after MCAO and more than 40% 1 wk after MCAO
(Fig. 4E). More drastic effect was observed when SC79 was
injected multiple times (Fig. 4F).

Discussion
PtdIns(3,4,5)P3-mediated plasma membrane translocation is
a prerequisite for Akt activation by regulatory phosphorylation.
It is reported that PtdIns(3,4,5)P3–PH domain interaction may
not only bring Akt and PDK1, the kinase involved in Thr308
phosphorylation, to the membrane, but also result in confor-
mational changes of Akt, exposing two residues Thr308 and
Ser473 for phosphorylation (33–35). Nevertheless, whether such
conformational changes alone could contribute to Akt phos-
phorylation and activation is not clear. Here, we demonstrate
that the necessity of Akt membrane recruitment can be bypassed
via chemical-induced allosteric activation of cytosolic Akt. From
a cell-based high-throughput chemical genetic screening, we
identified an Akt activator, SC79, that specifically targets Akt PH
domain. SC79 may act similarly to PtdIns(3,4,5)P3 to induce Akt
conformation favorable for phosphorylation. It enabled the cy-
tosolic activation of Akt, bypassing the requirement of PtdIns
(3,4,5)P3-mediated Akt membrane translocation (Fig. 4G). It
has been shown that Akt and PDK1 interact in the cytosol (35).
In the absence of PtdIns(3,4,5)P3, the Akt phosphotylation by
PDK1 in this complex is inhibited by the intramolecular in-
teraction between Akt PH and kinase domain (i.e., unfavorable
conformation for phosphorylation). The binding of PtdIns(3,4,5)
P3 to PH domain was shown to release this intramolecular
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Fig. 4. SC79 suppresses excitotoxicity and alleviates stroke-induced neuronal death. (A) SC79 elevated Akt activation in cultured cortical neurons. All samples
were normalized to the amount of total Akt. Data presented are the means (±SD) of three independent experiments. (B) SC79 suppresses excitotoxicity-
induced neuronal death. Primary neuronal cultures (14 d) were treated with 50 μM glutamate for 40 min, and toxicity was assayed 4 h after glutamate
exposure. Cell viability was assessed by fluorescence microscopy after Hoechst nuclear staining and propidium iodide (PI) staining. At least three separate
experiments were performed with a minimum of 1,000 neurons counted per data point. The results are the means of three independent experiments. Bars
indicate means ± SD. (C) SC79 treatment led to Akt hyperactivation in the brain of live animals. Protein extracts collected from the brain of untreated and
SC79-treated mice were resolved on SDS/PAGE and immunoblotted with indicated antibodies. SC79 was applied via i.p. injection at a concentration of
0.04 mg/g of body weight. Data are from five independent experiments (mean ± SD). *P < 0.05 (Student t test). (D) SC79 enhanced Akt activity during
neuronal cell death in an in vivo mouse ischemia model. Mice (C57 Black/6) were subjected to permanent focal cerebral ischemia by middle cerebral artery
occlusion (MCAO) for 24 h. Brain slices around ischemic penumbra were prepared, and total and phosphorylated Akt/PKB were analyzed. Data are repre-
sentative of five experiments. (E) SC79 alleviated stroke-induced neuronal death. Infarct volume was assessed in SC79 treated and Sham-treated control mice
at each indicated time points. Data are from five independent experiments (mean ± SD). *P < 0.05 (Student t test). SC79 was injected i.p. once (0.04 mg/g of
mouse body weight) 5 min before permanent MCAO. (F) The experiment was conducted as described above except that extra SC79 was injected (0.04 mg/g
of mouse body weight, once per hour for 6 h). (G) Schematic model of SC79-induced Akt hyperactivation.
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constraint, thus making it a more favorable conformation. Given
that SC79 acts as a PtdIns(3,4,5)P3 mimetic and induces an Akt
conformational change (Fig. 1 D and E), our results also support
such possibility. We further demonstrated that SC79-induced
Akt activation could recapitulate the primary function of Akt
signaling because it efficiently prevented the excitotoxicity-in-
duced neuronal death both in vitro and in vivo. Although the
activation of Akt signaling plays significant roles in protecting the
ischemic-injury induced neuronal death, other cellular pathways
and components are also important. Nevertheless, the SC79-in-
duced Akt activation alone manifested a significant protection.
Identifying other cellular pathways leading to synergistic pro-
tection in combination with SC79 would be important.
Deactivation of Akt contributes to pathogenesis of numerous

neurological diseases (3–5) and, thus, elevating Akt activity
becomes an obvious clinical strategy to suppress progressive
neuronal death under these pathological conditions. However,
this endeavor has been hindered because of the lack of specific
Akt activators. Our results suggest that chemical mimetics of
PtdIns(3,4,5)P3, such as SC79, could be explored to develop
legitimate Akt activators. SC79 is relatively unstable in aqueous
environment (SI Appendix, Fig. S13A). Intriguingly, however,
after the removal of SC79, the sustained level of phosphorylated
Akt was observed both in cell culture and in vivo (SI Appendix,
Fig. S13 B and C), indicating that SC79 may act irreversibly.
SC79 contains the chemical moieties (i.e., nitrile group) that
could be modified and/or reacts with amino acids. Nevertheless,
SC79 appeared to be a relatively safe drug. SC79 treatment, even
at much high dose (0.4 mg/g of body weight), did not induce any
detectable changes in body weight, survival rate, appearance, and
behavior in mice (SI Appendix, Fig. S14). The fact that neuronal
protective effect was achieved by i.p. injection suggests that SC79
also has a good penetration of blood–brain barrier. Therefore,

SC79 can be used as a chemical platform to develop novel drugs
for neurological and other complications (SI Appendix).

Materials and Methods
In this study, infarct volume was used to evaluate MCAO-induced brain
damage. For histological examination of infracted area, mice were deeply
anesthetized either 24 h or 1 wk after permanent MCAO by excess pento-
barbital sodium (100 mg/kg). Upon removal, brains were sectioned coronally
into five slices of 1 mm thickness starting from the frontal pole by using
a mouse brain matrix (ASI Instruments). Slices were stained with 2% (wt/vol)
2,3,5-triphenyltetrazolium chloride (TTC; Sigma) for 30 min at room tem-
perature. Areas ipsilateral to the occlusion, which were not stained, were
recorded as infarcted. After fixation with 4% paraformaldehyde/PBS, the
unstained area of infarction was measured on the posterior surface of each
coronal section by using an Image J system (Wayne Rasband, National
Institutes of Health). Because of substantial hemispheric swelling after is-
chemia, the corrected infarct volume was calculated by using an indirect
method to compensate for the effect of brain edema. The infarcted area of
the ipsilateral (ischemic) hemisphere (II) was determined by subtracting the
noninfarcted area of the ipsilateral hemisphere (IN) from the total area of
the contralateral (uninfarcted) hemisphere (CT): II = CT − IN. Total infarct
volume was then determined by multiplying the area of infarct for each slice
by the slice thickness (1 mm) and summing for the seven brain slices.

Other materials and methods are presented in SI Appendix. Analysis of
statistical significance for indicated datasets was performed by using the
Student t test capability on Microsoft Excel.
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