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Methods

Generation of Akt1”" and Akt cTKO mice.

Since AktI”" mice are perinatal lethal [1, 2], we generated floxed 4kt/ mice. The gene
targeting strategy was shown in Fig. S1A. Two loxP sites were inserted into introns 2
and 11 separately. After obtaining Akt”*, we intercrossed them to get Akt . To
generate viable Akt cTKO mice, first, we crossed Akt2” [3] with Akt3” [4] to obtain
Akt2"";Ake3"". The latter were bred with Akt/” to get Aktl”";4kt2""; 4ke3™", which
were bred with a CAG-CreER to get Aktl”" : Aki2""; Akt3"";CAG-CreER. All the mice
were bred in an SPF room in the core animal facility of the Model Animal Research
Center (MARC) at Nanjing University. The room temperature was 25°C and the
light-cycle was automatically controlled. The genetic background of the mice used in
this study is C57BL/6. The protocol for the study has been approved by the

institutional Animal Care and Use Committee of the MARC.

We crossed Aktl”';Akt2"";Akt3"";CAG-CreER with Akt!”";Akt2"";Akt3"" or
Akt 7 Akt2"; Akt3™ to get Akt Akt2":Akt3”";CAG-CreER and littermates with a
number of genotypes. Since there were quite many gene combinations (54) in the
offspring’s genotypes, it was unlikely to use all of them as the control for 4kt cTKO.
We kept age-matched littermates with the following genotypes: Akt "”; Akt2™*: Ake3™,
Akt 17 Akt2™  Akt3™" ) Akt PV Akt2"  Akt3” and Akt Ake2”"; Akt3”; CAG-CreER (no
tamoxifen treatment) as the control. In Figure 1, we run p-tau Western on 4kt cTKO

vs Akt ;'Akt2+/+;Akt3 ** and Aktlf/+,'Akt2+/+;Akt3 7 In Figure S2, Western blotting



on p-tau for Akt2/3 DKO (AktF”: Akt2":Akt3”;CAG-CreER and Akt Akt2": Akt37")

mice was presented.

Treatment of mice with tamoxifen.

To induce Cre-mediated gene recombination, Akt]ﬁf;'AktZ'/ ';Akt.?’/ “CAG-CreER and
controls were treated with tamoxifen for 5 consecutive days. Tamoxifen was
purchased from Sigma-Aldrich (catalogue No. T5648), and was freshly prepared in
each injection day. The treatment was conducted by intraperitoneal (i.p.) injection of
the drug at the concentration of 20mg/kg. Akt Akt2”"; Akt3”; CAG-CreER mice
receiving 5 doses of tamoxifen injections were designated as Akt cTKO mice. The
number of animals used for the Akt cTKO study was as follows: control=7, Akt

cTKO=9. For Akt single isoform KO studies, the number was 3-4 per genotypic

group.

Genotyping.

To detect the floxed Akz1 allele, the following primers were used: GGGATCAGCAG-
TTGAAGGACAGA and GCCAGGAATACAGCATGAGCCAC. The PCR products
for the WT and the floxed allele are 196bp and 302 bp, respectively. To detect Akt1**
allele, primers of AGACTCTGAGCATCATCCCTGGG, CGTCTGGCCTTCCTGTA-
GCCAG and TGAAGCAGGCCTAGAGCCCCATG were used. The PCR product for
the WT allele is 300bp and that for the * allele is 200 bp. To identify Akt A allele,

primers of CTCAGGGACACCCATGTGTGGCTGC, GCTGCCTCGTCCTGCAGT-



TCATTC and CCACAGGCAGCAGAAAGGAA were used. The PCR size for the

WT allele is 360bp and that for the * allele is 600 bp. For Ak#3*™ mice, primers used
were: GGTTCTGTGGGAGGTAGTTCTC, GCAATCCATCTTGTTCAATGGCCG
and CCATCGGTCGGCTACGGCTTGG. The PCR band for the WT allele is 500bp

and that for the “allele is 350 bp.

Nissl staining.

Sagittal brain sections (10um) were de-paraffinized, ethanol dehydrated, and were
then washed using distilled water. Sections were treated with 0.5% cresyl-violet for
10 minutes and then washed with PBS. Sections were incubated in a solution
containing 1% glacial acetic acid and 16% ethanol. Sections were dehydrated using an
ascending series of ethanol (70%, 90%, 95% and 100%), and were then placed in

toluene. Slides were coverslipped using neutral resin.

Brain lysates preparation.

The mice for experiments were euthanized by CO, For each Akt isoform KO line,
mice were sacrificed at 2-3 months of age. For the Akt ¢cTKO study, control and
mutant mice were sacrificed 3 weeks after the tamoxifen treatment. After euthanasia,
different brain areas such as the cortex and the cerebellum were quickly dissected out
and were immediately put into liquid nitrogen. Brain samples were stored at -80°C
until use. Mice cortices were homogenized in cold radio immunoprecipitation assay

lysis buffer [consisting of the following (in mM): 20mM Tris-HCI, pH 7.4, 150mM



NaCl, ImM EDTA, 1% NP-40, 0.5% sodium deoxycholate, and 0.1% SDS] containing
protease and phosphatase inhibitors (Thermo). Lysates were cleared by centrifugation

(14,000 rpm for 20 min). Protein concentration was analyzed using a standard BSA

method [5, 6].

Immunoblotting.

Normalized volumes of samples (30ug total protein) were resolved in 10% SDS-PAGE
(invitrogen), transferred to nitrocellulose membrane. After blocking with 5% (w/v) dry
milk for 1h, membranes were incubated with primary antibodies overnight and
detected using infrared dye-coupled secondary antibodies (goat anti-rabbit IRdye800,
goat anti-rabbit IRdye680, goat anti-mouse IRdye800 and goat anti-mouse IRdye680).
Membranes were scanned and data were quantified using Odyssey Infrared Imaging
System (Li-Cor). Antibody against total Akt (t-Akt) (1:1000) was made by the Z.Y.
lab in the MARC. We purchased the following antibodies from the CST: anti-pAkt*”
(1:600), anti-GSK3a/f (1:1000), anti-pGSK3a'*"/B¥*'¢ (1:600), anti-pGSK3a>*!
(1:600), anti-pGSK3B*° (1:600), anti-phosphorylated Akt substrates (1:500),
anti-pErk1/2 (1:1000), anti-Erk1/2 (1:1000), anti-p-p38 (1:500), anti-p38 (1:1000),
anti-MEK1/2 (1:1000), anti-pMEK1/2 (1:1000), anti-phosphorylated PKA substrates
(1:500), anti-p-B-catenin>=>537T1 - (1:600), anti-B-catenin (1:1000), anti-c-Raf
(1:1000) and anti-p-c-Raf (1:1000). Other antibodies were listed as follows:
anti-pCdk5 (1:100, Santa Cruz); anti-Cdk5 (1:200, Santa Cruz), anti-PKA reg la& 1

(1:1000, Santa Cruz), anti-pVASP*™7 (1:600, Santa Cruz), anti-p35/p25 (1:250,



Santa Cruz), anti-VASP (1:1000, Bioworld), an‘ti—p‘[auThrzO5 (1:200, Invitrogen),

Thr231 Ser396 Ser214

anti-ptau (1:200, Millipore), anti-ptau (1:200, Invitrogen), anti-ptau
(1:250, Thermo), anti-ptau®">® (1:500, Sangon Biotech), HT7 (1:200, Thermo), Tau5
(1:200, Millipore), anti-NeuN (1:500, Millipore), anti-GFAP (1:500, Sigma-Aldrich),
anti-Ibal(1:500, Wako), anti-B-actin (1:10000, Sigma-Aldrich) and anti-GAPDH

(1:10000, Genetex).

Immunohistochemistry.

Brains were perfused with PBS, fixed in 4% paraformaldehyde, processed for paraffin
embedding, and serially sectioned (10um). Sagittal sections were deparaffinized,
ethanol dehydrated, and immunostained with antibodies raised specifically against
total Akt (1:200), NeuN (1:500), microtubule-associated protein 2 (MAP2) (1:200,
Sigma-Aldrich), GFAP(1:500), Ibal(1:500), ptau™2% (1:1000), ptau™?' (1:10000)

Ser3% (1:200). For fluorescence immunostaining, brain sections were

and ptau
incubated with either Alexa Fluor 488 goat anti-mouse/anti-rabbit or Alexa Fluor 594

goat anti-mouse/anti-rabbit secondary antibodies (Invitrogen), and then analyzed with

a Leica confocal laser-scanning microscope.

TUNEL staining.

The brain sections were blocked using 5% of goat serum for 30 min followed by the
treatment of Fluorescein (Roche) at 37 °C for an hour [7, 8]. The slides were then

washed using TBS (tris-buffered saline) for three times. A brain section from



4-months-old neuron-specific Dicer conditional mouse was used as a positive control,
which displayed many TUNEL positive(+) cells [9]. TUNEL staining was scanned

using a Leica confocal laser microscope.
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Supplementary Figure 1. Molecular characterization of tamoxifen-induced A4z ¢cTKO
mice. (A) Gene targeting strategy for the generation of floxed Akz/ mice. In the targeting
vector, a neomycin resistance cassette (NEO), FRT sites (open diamonds) and loxP sites
(arrowheads) were indicated. A herpes simplex virus-thimidine kinase (HSV-TK) was used
for negative selection. Several crossings were made to obtain Akt //; Akt2/-; Akt3--;CAG-
CreER which were designated as Akt cTKO after the treatment of tamoxifen. (B) Western
blotting on total Akt (t-Akt) and phosphorylated Akt (p-Akt) in the brain of 4kt cTKO

mice. In the cortex, levels of t-Akt were markedly reduced (control=100+2.0%,
cTKO=21.8+1.1%, p<0.01, two-tailed Student t-test). In the cerebellum, levels of t-Akt
were reduced (control=100+5.4%, cTKO=18.6+2.6%, p<0.01). In the cortex, levels of
p-AktSer473 were decreased (control=100+9.1%, cTKO=32.6+5.7%, p<0.01). In the cer-
ebellum, levels of p-AktSer473 were decreased (control=10042.5%, cTKO= 49.5+ 3.4%,
p<0.01). The control mice were Akt 17/ Akt2*/+; Akt3*/* and Akt17*; Akt2/*; Akt3*/*. B-actin
served as the internal control. (C)Immunohistochemistry of t-Akt using brain sections of
Akt cTKO mice. Strong positive immuno-reactivity of the t-Akt was observed in pyramidal
neurons in the cortex (a) and the hippocampus (b), and granule cells in the cerebellum (c) of
control mice. Faint immuno-reactivity of t-Akt was seen in neurons of the cortex (d), the

hippocampus (e) and the cerebellum (f) of A4kt cTKO mice. **, p<0.01. Scale bar=20um.
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Supplementary Figure 2. Unchanged p-tau levels in Ak#2/3 double knockout (DKQ)
mice. (A)Western blotting on p-tau using cortical samples of Akt 1//; Akt2--; Akt3”- and
Akt 1" Akt2--; Akt3”-; CAG-CreER (without tamoxifen treatment). These two genotypes
were age-matched littermates to Akt cTKO, and were designated as 4kt2/3 DKO. The
control here referred to Akt 1/; Akt2 ™/ Akt3*+ and Akt 17+ ; Akt2/*; Akt3/+,
(B)Quantification of p-tau relative to total tau. There were no significant differences on
levels for p-tauThr205 (control=100%12.6%, DKO=105.6+22.2%, p>0.5), p-tauThr231
(control=100+4.8%, DKO=74.4£8.4%, p=0.06) and p-tauSer396 (control=100+8.5%,
DKO=84.9+£24.2%, p>0.5) in the cortex of control and Ak#2/3 DKO mice.



Figure S3
Hippocampal CA1

Control

Cortex Hll‘ocamlal CA3 Dentate gyrus
i Y
; \ ' \

Supplementary Figure 3. Immunohistochemistry of p-tau in the brain of Ak7 cTKO mice.

Akt ¢cTKO

Increased immuno-reactivity of p-tauSer396 was found in the cortex (e), hippocampal CA3 (%),

the dentate gyrus (g) and hippocampal CA1 (h) of A4kt cTKO mice. Scale bar=20um.
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Supplementary Figure 4. Tau hyperphosphorylation in the brain of Ak cTKO mice.
(A) Immunostaining of p-tauThr231 in the cortex. Strong immunoreactivity of p-tauThr231 was
observed in Akt cTKO mice (d) as compared to control mice (a). DAPI staining showed
comparable number of DAPI+ cells in the cortex of control (b) and 4kt cTKO (e) mice.
(B)Immunostaining of p-tauThr23! in the hippocampus. Strong immuno-reactivity of p-
tauThr231 wag seen in Akt cTKO mice (d). There was comparable number of DAPI+ cells in
hippocampal CA1 area of control (b) and 4kt cTKO (e) mice. (C)Double-immunostaining of
p-tauThr231 and MAP2. P-tauThr231 signals (a) were largely overlapped with those of MAP2

(b). DAPI was shown in (c), and the merged image was shown in (d). Scale bar=50um.
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Supplementary Figure 5. No increased apoptotic cell death in Ak7 cTKO mice. TUNEL
staining on brain sections of Akt cTKO mice. There was no difference on the total number of
TUNEL positive (+) cells between control (a: TUNEL; b: DAPI; ¢: merged) and Akt cTKO
(d: TUNEL; e: DAPI; f: merged) mice. DAPI staining showed comparable number of
DAPI+ cells in the cortex of control and 4k cTKO mice. (g-1) Brain sections of a forebrain
neuron-specific Dicer cKO mouse were used as the positive control. Abundant TUNEL+ (g)
cells were observed in the cortex of a 4-month-old Dicer cKO mouse. DAPI+ (h-1) cells

were seen in the same brain section of the Dicer cKO mouse. Scale bar=25um.
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Supplementary Figure 6. No significant cell loss in the brain of Ak¢ cTKO mice.
(A)Biochemical analyses on markers for different cell types using cortical homogenates.
There were no differences on protein levels for NeuN (control=100+6.4%, cTKO=105.1
+3.6%, p>0.5), GFAP (control=100+6.1%, cTKO=114.244.7%, p>0.1) and Ibal(control
=100£23.6, cTKO=110.8+£13.9%, p>0.5) in the cortex (NS=not significant).
(B)Immunohistochemistry of GFAP. There was no detectable astrocytosis in the cortex (e),
hippocampal CA1(f), hippocampal CA3 (g) and the dentate gyrus (h) of Ak cTKO mice, as
compared to the control (a-d). (C)Immunohistochemistry of Ibal. There was no significant

activation on microglia in the brain (e-h) of A4k# cTKO mice. Scale bar=20um.
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Supplementary Figure 7. Biochemical analyses on phosphorylated Akt substrates,
p-GSK30/33 and p-B—catenin in the cortex of Akt cTKO mice. (A)An antibody
against phosphorylated Akt substrates was used to conduct Western blotting. There
were increased intensities on bands with MW of 40 to 70 kDa in 4kt cTKO mice. Pon-
ceau S was used to stain the membrane and showed comparable levels of loaded pro-
teins for each lane. The control mice were Akt1//: Akt2*/*; Akt3*/+ and

Akt 17*: Akt2*/*: Akt3%/+. (B)Western blotting on total GSK30/3[3 and p-
GSK3oSer21/338e9 There was a small increase on levels of p-GSK3oSer2!
(control=100+11.7%, cTKO=125.8410.3%, p>0.1) but a significant increase on levels
of p-GSK3[5¢ (control=100+2.9%, cTKO=143.1£5.8%, p<0.01) in Akt cTKO mice.
Relative levels of total GSK30/3[3 were not different between control and 4kt cTKO
mice. (C)Biochemical analyses on total B-catenin and p-3-catenin. B-catenin is a sub-
strate of GSK3. There were significantly increased levels of p-B-cateninSer33/8er37/Thral
(control=100+4.0%, cTKO=181.9+5.8%, p<0.01) in 4kt cTKO mice. Relative levels of
total 3-catenin (control=100+8.3%, cTK0=93.2+6.2%, p>0.5) were not different.

B-actin served as the internal loading control.



