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Supplementary Fig. 1
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Supplementary Fig. 1: SA6192 antibody specifically recognizes pSer26A[ peptidein mouse brain
homogenates.

a, b) Western blot (WB) analysis of sucro@) and SDSb) fractions of brain homogenates from -Tg
(WT) and APP/PS1KI transgenic (Tg) mice with SA6192 antibody showg#uifis detection of
pSer2643 peptide. No cross-reactivity is observed against the full-length APBrakiéP-CTFs. In
contrast, other commonly used monoclonal antibodies 6E10 and 82E1 detect full-leRgthdké& CTFs
in addition to A3 peptide. IgG heavy and light chain reactivity of the antimouse secondé&rgdnis
indicated by asterisks (slightly above 28 kDa and below 62 ki)d) WB analysis of sucrose&)(and
SDS () fractions of APP/PS1KI mouse brain homogenates with SA6192 antibody albmne the
presence of npBor pSer2648 peptides. Pre-adsorption with npApeptide do not affect SA6192
antibody reactivity. Notably, pre-adsorption of SA6192 antibody with pSdsP@ftide completely
blocks its reactivity, confirming the antibody specificity. Pre-apison of SA6192 with excess amounts
of synthetic pSer26@.interfere with the reactivity of SA6192 to the bands slightly below 62 kDa m bot

the sucrose and SDS fractions, and at above 28 kDa in the SDS fraction.



Supplementary Fig. 2
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Supplementary Fig. 2: Double-labelling of 10-months-old APP/PS1K| mouse brains.
a) Double labelling with SA6192 and 6E10 antibody shows the preferential depositioar@bpd
deposits in the amyloid cork) Double-staining of pSer2@Aand the astrocytic marker GFAP shows the

association of intraneuronal pSerJbwith reactive astrocytes. Images are at 400x magnifications.



Supplementary Fig. 3
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Supplementary Fig. 3: Pre-adsor ption of SA6192 antibody with pSer 26A3 peptide blocks

immunor eactivity.

a) Immunohistochemical stainirof aged APP/PS1KI (13 months) motbrain sections witlISA6192
antibody reveal intraneuronal and extracellular pSeié&fnunoreactivityb) Pre-incubation of
SA6192 antibody with synthetic pSer2Bfeptide blocks the SA6192 immunoreactivity. ¢) SA6192
antibody do not show any staining of plaque-like structures in aged PS1KI (13 nunthis) animals.
Scale bar a, b andc 200 pM.



Supplementary Fig. 4
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Supplementary Fig. 4: Immunohistochemical detection of pSer26Ap in 5XFAD mouse brains.
Immunohistochemical staining of brain sections from 6- and 12-months-old 5Xié@®with SA6192
antibody shows the intraneuronal accumulation of pSef3 at €&-months of age. Few extracellu

pSer26/43 deposits are seen at 12-month=ale bar 50 uM.



Supplementary Fig. 5
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Supplementary Fig. 5: Immunohistochemical detection of pSer26Ap and GVDsin human AD
brain (Case# 1 (Suppl. Tab. 2)).

In plaques of the CA1 region the central amyloid core is stained mitp3er26/4 (a) and anti-A3,;.,4

(4G8) b) but not with anti-APPq) indicating that pSer26Adeposits together with non-phosphorylated

AP in plaguesd) Diffuse plaques (marked in arrowheads) in the temporal neocortex (Brodneand6a

can also contain pSer2@8An addition to cored plagues (indicated by arrows)) GVD lesions in the
subiculum-CA1 region were detected with anti-pSef264), anti-pTDP-431), anti-CK1 (g) and anti-

CK1e (h) antibodies.



Supplementary Fig. 6
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Supplementary Fig. 6: Casein Kinase 1(CK 1) phosphorylates Serine-26 residue of Ap.

a) Invitro phosphorylation of 8 using radiolabelledyf?P]JATP and catalytic subunits of recombinant
CK1 in the presence and absence pfp&ptide. Autoradiograpi¥%4P) demonstrates the phosphate
incorporation. Western blot (WB) confirms the presence[bpéptide. Asterisk indicates the
autophosphorylation signals of catalytic subunit of G1n vitro phosphorylation employing different
AP variants (A31-16, A317-40, full-length A1-40 and pre-phosphorylateddAuch as pSergiand
pSer26/43 confirming the specificity of CK1 phosphorylation at Ser26 residue. Phospicatporation
can be seen only withfA7-40, A31-40, and pSer8Bpeptide variants. No phosphate is incorporated
with AB1-16 and pre-phosphorylated pSerPg#eptide. The lower panel (WB) shows the presence of
AB. ¢, d) Invitro phosphorylation of B using radiolabelledy$?P]ATP and catalytic subunit of
recombinant CK1 at 32 for different time intervals as indicated. Autoradiographi)(showing the
phosphorylation of 8. d) Quantification of the experiment presented in pateMalues represent mean

+ standard deviation (n=4 from 2 independent experiments).



Supplementary Fig. 7
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Supplementary Fig. 7: Aggregation of pSer26A in comparison to pSer8AR and npA.

a) Thioflavin T (ThT) binding assay showing reduced ThT fluorescence to pSge6éompared to
npARB and pSer8f. Each point represents the meaastandard deviation (n=4). pSer2dAggregates
rapidly as compared to nfgfand pSer8R peptides, indicating a rapid oligomerization (see inset).
Despite pSer26@ showed a higher ThT fluorescence at the beginning, the fluorescence interssitpt
increased further with incubation time, suggesting a rapid formationalfes assemblies without
proceeding to fibrils (see inseb) Aliquots of aggregates collected at the end of ThT assay were
separated by SDS-PAGE and immunoblotted with 82E1 antibody. pSem@6duces smaller oligomeric
assemblies only (Adimers and trimers). SDS-resistant high oligomeric assembliebseeved only

with npAB and pSer8R peptides. HMW Oligomers- High Molecular Weight Oligomers.



Supplementary Fig. 8
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Supplementary Fig. 8: AFM images of pSer 26A3 globular oligomers.
a, b) AFM images of pSer26foligomers after 72 hours of aggregation. pSef2ted to form
amyloid fibrils even after longer incubation (3 days). pSef26Wgomers remain as globular in nature.

Imageb showing pSer268 globular oligomers at higher magnification.



Supplementary Fig. 9
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Supplementary Fig. 9: Control of A11 and OC antibody in dot-blots, related to Figure 4.

Dot blots of the oligomerized nA pSer84 and pSer268 variants collected at different time intervals
(0, 2, 6, 12 and 24 hr) were probed with secondary anti-rabbit antibodyapnigl{bit pre-immune

serum b) and unrelated rabbit seru) (left panels). No reactivity was observed for all the thrpe A
variants, with these control conditions. Reprobing of the membranes with géEfiantibody

confirms the presence of nBApSer84 and pSer26A variants (right panels).



Supplementary Table 1. pSer26Ap in AD-lesions.

Lesion abnormal phosphorylated T-protein Ap pSer 26Ap
Diffuse plaques
Diffuse non-neuritic plaques - + -+
Diffuse neuritic plagues + + +
Fleecy amyloid - + -
Subpial band-like amyloid - + -
Presubicular |ake-like amyloid - + -
Cored plagues
Cored non-neuritic plagues - + +/-
Cored neuric plagues + + +
White matter plagues - + -
Neurofibrillary tangles + X *
Granulovacuolar degeneration + - +

* Ghost tangles can be associated with Ap deposits




Supplementary Table 2: List of human cases

Case No. | Agelyears | Sex | ABMTL | Braak-NFT | CERAD | NIA-AA | B-AB-plaque stage | GVD-stage | Neuropathological diagnosis pSer26AB Pathology
1 81 f 4 5 1 2 3 5 AD CP, DP, S-bl-Amyloid, GVD
2 83 m 4 5 2 3 3 5 AD CP, DP, S-bl-Amyloid, GVD
3 86 f 4 6 2 3 3 3 AD CP, DP, GVD
4 83 m 4 4 3 2 3 5 AD CP, DP, S-bl-Amyloid, GVD
5 78 f 4 5 2 3 3 5 AD CP, DP, S-bl-Amyloid, GVD
6 87 f 4 4 1 2 3 3 AD CP, DP, GVD
7 72 m 2 3 0 1 2 3 p-preAD GVD
8 66 f 2 2 0 1 2 0* p-preAD -
9 83 m 2 3 0 1 1 0* p-preAD -
10 66 f 0 0 0 0 0 0 not AD -
11 62 m 0 0 0 0 0 0 not AD -
12 69 f 0 0 0 0 0 1 not AD GVD
13 61 m 0 0 0 0 0 0 not AD -

CP: Cored plaque, DP:Diffused plaque, S-bl-Amyloid: subpial band-like amyloid, GVD-Granulovacuolar degeneration




Supplementary experimental procedures.

Electrophoresisand Wester n-blotting

Synthetic peptides or mouse brain extracts weraraggd on 4-12% NuPAGE Bis-Tris mini
or midi gels and transferred onto nitrocellulosembeanes. The membrane was incubated
sequentially with the indicated primary and respecsecondary antibodies and then
developed using Odyssey infrared imaging systerCQR® Biosciences) employing
IRDye® secondary antibodies and/or ECL imager (Bid®c) using enhanced
chemiluminescence reagents. Quantification was pee® by using Image Studio 3.1 (LI-
COR® Biosciences) or densitometry analysis usingr@ity One software (BioRad Inc).
Biochemical and immunohistochemical analysis of pSer26A in transgenic mouse brains
Extraction of soluble and insoluble AB from mouse brains

Brains of APP/PS1KI female bigenic mice or wildéymice were collected. All animals were
handled according to German guidelines for animed.©ne hemisphere was snap-frozen in
liquid nitrogen for biochemical analysis, and thiees hemisphere was fixed in 4%
paraformaldehyde for immunohistochemistry. Therbreamogenates were prepared using
buffers containing sucrose and SDS. We weighecefrarouse hemi brains, added freshly
prepared ice-cold 0.32 M sucrose in 50 mM Tris &ufpH 7.3) containing complete protease
and phosphatase inhibitors (Roche Diagnostics, @eyirto the frozen hemi brains at
5:1ratio (Sucrose solution volume / brain wet wéigind homogenized with 20 strokes at a
setting of 70 on a mechanical Dounce homogenizean@elin Sonopuls, Germany).
Homogenates were then centrifuged at 16,100 g &adid a HL116 rotor (Eppendorf,
Hamburg, Germany) for 30 minutes. After centrifugat we aliquoted and then stored the
supernatant (called sucrose fraction) at -80 °@ f¢llet was re-homogenized (5:1 vol/wt) in
50 mM Tris buffer (pH 7.3) containing 2% SDS plusnplete protease and phosphatase
inhibitors followed by sonification and spun as a#oT he resultant supernatant (called SDS

fraction) was aliquoted and stored at -80 °C untther use. The total protein concentration



in the sucrose and SDS fractions of brain homogsnaas determined by BCA protein
assay kit (Thermo Scientific, USA). For SDS-PAGRlgsis, aliquots of sucrose and SDS
fractions containing total protein equivalent tqugOvas used. The blots were blocked in 3%
BSA (diluted in 1x TBS/T) for 2 hours. Proteins weafetected with the indicated primary
antibodies and respective horseradish peroxidasgigated secondary antibodies using
enhanced chemiluminescence (ECL reagent, GE Heafth®uantification was done with
an ECL imager (BioRad Inc.) and the Quantity Orfgnsre (BioRad).Western blotting of
full-length amyloid precursor protein (FI-APP), ARRPterminal fragments (APP-CTFs) and

AR was performed as described previously (Kumar.ef@ll1, Kumar et al., 2013).

Immunohistochemistry: In brief, following deparaffinization in xylene dmehydration in a
series of ethanol, treatment with 0.3%- in PBS was used to block endogenous
peroxidases. Antigen retrieval was achieved byitgpgections in 0.01 M citrate buffer pH
6.0, followed by 3 min incubation in 88% formic dcBkim milk and fetal calf serum in PBS
were used to block non-specific binding sites ptoothe addition of primary antibody
SA6192 (1:50 — 1:100). The primary antibody wasibated overnight in a humid chamber at
room temperature followed by incubation with a ngtated secondary anti-rabbit antibody
(DAKO, Glostrup, Denmark). Staining was visualizesing the ABC method using a
Vectastain kit (Vector Laboratories, Burlingame,A)&nd diaminobenzidine (DAB) as
chromogen providing a reddish-brown color. Couné@ngng was carried out with
hematoxylin.Double-immunofluorescence staining wesdgormed using SA6192 (1:50),
6E10 (1:1000) and GFAP (1:1000, #173011, Synaptstes, Goettingen). For detection,
secondary anti-mouse and anti-rabbit conjugated’384ght and 488 DyLight antibodies

were used.



Immunohistochemistry of human AD brain

Paraffin sections from the human medial lobe we&amed with rabbit polyclonal pSer2@A
specific SA6192 antibody, mouse monoclonal 4G8i{aptl7—24) and 22C11 (anti-APP)
antibodies. The primary antibodies were detectdl ibtinylated anti-rabbit IgG secondary
antibodies and visualized with avidin-biotin-comp(@&BC-Kit, Vector Laboratories) and
diaminobenzidine-HCI (DAB). The sections were ceusttained with haematoxylin. Double-
label immunofluorescence was performed to demoedtinatco-localization of pSer2@A

with APP and phosphorylated tau. Immunostaining pexformed using SA6192 (anti-
pSer26M), 4G8 (anti-A317-24), 22C11 (anti-APP) and AT8 (anti-phosphotmijbodies.
The primary antibodies were visualized with cartzotg 2 (Cy2)-labelled antibodies directed
against mouse IgG and Cy3-labelled antibodies agaabbit IgG. These sections were
mounted in Corbit without counterstaining. Immur@ted sections were analyzed with the

Leica Microsystems (Wetzlar, Germany) DMLB microseo

AP aggr egation assays

Synthetic npA, pSer843 and pSer268 peptide stock solution (230 uM) was diluted with
50 mM of sodium phosphate buffer (pH 7.4, 50 mM N&0 uM ThT and 0.01% sodium
azide) to a final & concentration of 100 uM and incubated at 37 °@ géntle stirring.
Kinetic of A aggregation was determined by measuring ThT eomsstensity using Varian
fluorescence spectrophotometer. Excitation and®arnsvavelengths were 446 and 482 nm,
respectively, with slits widths of 10 nm. For CRidling assay, stock solutions of pA
pSer8A3 and pSer268 were diluted to a final concentration of 100 uMLBymM phosphate
buffered saline solution (PBS, pH, 7.4; supplemeémigh 0.01% sodium azide), and
incubated at 37 °C with gentle stirring. Sampleadits collected at different time points
during aggregation. Later the samples were mixé¢d ¥ uM CR in PBS and incubated for

15 min at room temperature. After incubation, theabances were read at 540 nm and 480



nm using a spectrophotometer (Varian Inc.). Thewrhof bound Congo red was calculated

as described previously [5].

Transmission electron microscopy

Wild-type and pSer26@\ peptide variants solubilised in 50 mM of sodiunogphate buffer
(pH 7.4, 50 mM NacCl, 20 uM ThT and 0.01% sodiundagwere incubated at 37 °C with
gentle stirring. Aliquots of samples were collecéédhe beginning (0 hr) and end (24 hr) of
the aggregation assays. Samples were diluted, depasto carbon-coated copper mesh
grids and negatively stained with 2 % (w/v) uraagktate. The excess stain was washed
away, and the sample grids were allowed to air-@ing samples were then viewed with a

120-kV transmission electron microscope.

Atomic For ce Microscopy

Aliquots of wild-type and pSer2gRpeptide samples collected at the beginning (@hd)end
(24 hr) of the aggregation assays (as mentioneatdefand allowed to adsorb onto the
surface of freshly cleaved mica cover slips. Aft@min, the surface was washed with water
and dried three times. Atomic Force Microscopy (ARMaging was performed in tapping
mode using a MFP-3D AFM machine (Asylum Researemt&Barbara, CA, USA). To
further analyze the morphology of pSerZbaggregates with aging, 50 pl of pSerB6A
peptide solution (concentration: 100 uM) which haén incubated for 72 hours in the

aggregation condition, were AFM imaged as mentidrefdre.

Cdll viability assays

Human neuroblastoma cells (SK-N-SH) were maintainddMEM supplemented with 10%
fetal calf serum (FCS), 100 U/ml penicillin, 106/ml streptomycin and 30@g/ml

glutamine. Presto Blue (PB) cell viability reagénfe Technologies) was used according to

the manufacturer's protocol. SK-N-SH cells in susjen were seeded at 3 x*IlIs/well



plated in a 24-well microtitre plate and allowedattach overnight. Cells were then exposed
to various concentrations of nBA(WT) and phospho-mimicking (pseudophosphorylated)
ABS26D A3 variants (1uM and 10uM), staurosporine (500 nMPBSE for 72 hours at 37 °C
and 5% CQin a humidified atmosphere. After 72 h-treatméms, cells were incubated with
10 pl of PB reagent. Cell viability was analyzethgsfluorescence spectroscopy. The
fluorescence absorbance was read with an excitatawelength at 570 nm and emission
wavelengths at 610 nm. Substracted the averageefioence values of the no-cell control
wells from the fluorescence value of each experialemell. To test the B toxicity on
human neurons, human embryonic steRES cells were differentiated for four weeks.
Differentiated neurons were then exposed with neosphorylated, pseudophosphorylated
AR variants (A326D) for 72 hours. Staurosporine and PBS were asambntrols. After 72 h-
treatment, cell viabilitywas measured using a #isocence plate reader as mentioned above.
For quantitation of cell viability in induced plpotent stem cell (iPSC)-derived
neurons, iPSC-derived neurons were grown in blaaked 96-well tissue culture plates
(Corning) were assayed using PB as mentioned aBgd/eligomers were prepared by
dissolving the lyophilized syntheticBAnpAB, pSerA and pSer268 variants) in DMSO
and incubation at 37 °C with stirring. Aggregate=revcollected at the indicated incubation
times (0, 2, 6, 12 and 24 hours)3 Aligomers were added to minimal supplemental cell
culture medium (114 mM NacCl, 0.219% NaH¢6.292 mM KCI, 1 mM MgCl, 2 mM
CaCb, 10 mM HEPES, 1 mM glycine, 30 mM glucose, 0.5 mddium pyruvate, 0.1%
phenol red, 10% NGM). Peptide-containing minimalmevere added to cultures to achieve
the noted final concentrations of totgb.AComplete cell death was induced by addition & 50
nM staurosporine. Metabolic activity was measung@iesto Blue® Assay. Unpaired, two-

tailed t-tests were used for statistical analysis.



Cultivation and differentiation of human pluripotent stem cell-derived neuronal

cultures

Embryonic stem cells (ES cells) [3] or induced gatent stem cell (IPS cells)-derived
neuronal cultures [4] were generated from long-teeffirenewing neuroepithelial stem cells
(It-NES cells). Lt-Nes cells were grown on poly-tadhin/laminin coated dishes in
Dulbecco’s modified Eagle’s medium (DMEM)/F12 (Lifechnologies), N2 supplement
(PAA), 1.6 g/l glucose, B27 (1:1000; Life Technakes), fibroblast growth factor 2 (FGF2)
and epidermal growth factor (EGF; both10 ng/ml; R&istems) and were splitted 1:2 every
3-4 days. To initiate neuronal cultures, growthides were withdrawn Neuronal Growth
Media (NGM) composed of DMEM/F12 and MACS Neuro Med (Miltenyibiotec) mixed

at 1:1 ratio and supplemented with 1:200 N2 suppleiml:100 B27 supplement and 300
ng/mL cAMP. 5uM of N-[N-(3,5-Difluorophenacetyl)-alanyl]-S-phenylglycine t-butyl ester
(DAPT) was added to the media for one week to acatd differentiation. Cells were then
transferred onto Geltrex-coated dishes and fudifarentiated for 2 weeks. Treatment of
neuronal cultures with different variants o Avas performed in Minimal Medium as
described above for 60h with IPS-cell derived naarand in NGM for 72h with ES-cell

derived neurons.

Peptide competition assay

Peptide competition assay was performed by incng&A6192 antibody solution with or
without 200 molar excess of synthetic rfpand pSer268 peptide at 4 °C overnight on a
rotoshaker. Antibody solutions were centrifuged 800 rpm for 10 min to pellet immune
complexes. Supernatant was collected and usedestew-blotting analysis.

For immunohistochemistry, immunoabsorption of SABWAS carried using pSer2BA2ug
peptide per 10ul of antibody). Following incubat@iroom temperature with continuous

agitation for 5h, a centrifugation step at 14,000rgb min was carried out and the



supernatant was used for immunostaining. Aged ABBAP mice (age: 13 months) were

stained with either SA6192 (1:50) or immuno-absdrBA46192 antibody.

Dot blotting of AB

Aggregates of npB, pSer843 and pSer268 were prepared by incubating the synthetic
AR peptides (concentration: 80 uM) at 37 °C to differi@cubation times (0, 2, 6, 12 and 24
hours) in an aggregation prone conditions. 2 |gamhple aliquots collected at various time
points during aggregation were spotted onto niffolose membranes and subjected to
immunoblotting. The membranes were blocked in 5% miTris-buffered saline containing
0.025% Tween 20 (TBS/T) and incubated in rabbiygohal A11 [2] and OC [1] primary
antibody solutions (4°C, overnight). Membranes weashed with TBS/T followed by
incubation with anti-rabbit horseradish peroxidasejugated secondary antibodies. The
membranes were developed electrochemiluminesceagents using Biorad ECL imager.
Specific immunoreactivity of the rabbit polyclor&l1l and OC antibodies to nfgApSer843
and pSer268 aggregates were verified by performing the cordailblot experiment. 2 ul of
nNpAB, pSer848 and pSer268 aggregates were spotted onto nitrocellulose memalsrand
were subjected to immunoblotting. The membraneg wkrcked in 5% milk in Tris-buffered
saline containing 0.025% Tween 20 (TBS/T) and iated in seconary anti-rabbit HRP
antibody only, random rabbit serum and pre-immuainbit serum (at 4°C, for overnight).
After overnight incubation, membranes were washigd WBS/T followed by the addition of
anti-rabbit horseradish peroxidase-conjugated staryrantibodies. The membranes were

developed with electrochemiluminescecne reageig iorad ECL imager.

In vitro phosphorylation of AR
Casein Kinase (CK1) was purchased from New EngBinothbs.In vitro phosphorylation

assays with recombinant CK1 were carried out bylating 1ul of AB1-40 solution (Stock:



1 mg/ml) in 28 pl of 1x CK1 reaction buffer (50 mMis-HCI, 10 mM MgC}, 5 mM
dithiothreitol, pH 7.5) containing 1 ul of 1:25 wiéd CK1 (specific activity 2,000,000
units/mg). Phosphorylation reactions were stariethb addition of{-*P]JATP (end
concentration: 1@M) and allowed to proceed for respective time s at 32 °C.
Reactions were stopped by the addition of 5x SD&p&abuffer and boiling for 5 min.
Samples were SDS electrophoresed and westerndldtte membranes were exposed to

phosphor imager screen.

Blue native PAGE Electrophoresis

Blue native PAGE was performed according to martufac protocol. NativePAGE™
Novex™ 4-16% Bis-Tris precast polyacrylamide getspective running buffer, sample
preparation buffer and NativeMark unstained progtamdard were procured from
ThermoFisher Scientific. Detergent free samplesvpeepared by adding Native-PAGE
sample buffer to the synthetid3faggregate mixture which were collected at various
incubation times during aggregation from rfiASer84 and pSer8A variants. The samples
were mixed well and were electrophoresed withoultrgp Electrophoresis was performed in
the cold room using pre-chilled running buffersisGgere run at 150V constant for 2 hours
using "Light blue" cathode buffer. After electropbsis, the gels were carefully removed and
blotted onto methanol-activated PVDF membranes ey NUPAGE transfer buffer.

After transfer, the membranes were blocked withrbAd powder (in 1x TBS/T) for 2 hours.
After blocking, the PVDF membranes were incubateshouse monoclonal 82E1 antibody
solution at 4 °C for overnight. Membranes were veaisiith 1x TBS/T (4 x times; 5 minutes
interval) and incubated with anti-mouse HRP conjedaecondary antibodies at room
temperature for 2 hours. Membraes were washedugbtgin 1x TBS/T (4 x times; 5

minutes interval) and signals detected by chemi@stence using Bio-rad Imager.
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