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Fig. S1. O-GIcNAc levels are decreased and necroptosis factors were increased in the brain of
AD patients and 5xFAD mice. (A and B) OGA (A) and OGT (B) activities in WT mice and SxFAD
mice (n = 5; 12 months of age). (C) OGA and OGT activities in rat primary neuron with exposure of
AP (n = 4). (D) Western blot analysis of O-GlcNAcylation and necroptosis related proteins in brain
tissues of SXFAD at 2 and 12 months old (n = 3). (E) Quantification of proteins in fig. fig. SID. (F)
0-GIcNAc immunostaining in neurons with treating AB or thiamet-G; scale bar = 10 um. (G) Western
blot analysis of changes in the O-GlcNAcylation of cellular proteins by AP and thiamet-G. (H)
Quantification of O-GlcNAc proteins in fig. SIG (n = 3). (I) Western blot analysis of necroptosis
proteins in insoluble pellet in brain tissues of AD patients (n = 6) and controls without symptoms of
dementia (non-AD; n = 6) (J and K) Quantification of necroptosis proteins (J) and phosphorylated
necroptosis proteins (K) in fig. S1I. (L) Western blot analysis of necroptosis proteins in insoluble
fractions of brain tissues of 5XFAD and WT mice (n = 5) (M and N) Quantification of necroptosis
proteins (M) and phosphorylated necroptosis proteins (N) in fig. S1L. The levels of phosphorylated
necroptosis-related proteins were normalized to the levels of the corresponding total proteins.
Values are presented as means + SEM. *P < 0.05 and **P < 0.01 versus non-AD (J and K) or WT (A,

B, M and N) or 5xFAD 2m (E) or control (C); #P < 0.05 versus control (H); two-tailed Student’s t test.
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Fig. S2. Experimental animals at 3 months did not show any AD symptoms. (A) Representative
result of genotyping of the four types of mice; WT, WT;OGA', 5xFAD, and 5xFAD;OGA"". (B)
Western blot analysis of O-GlcNAcylated proteins using CTD 110.6 antibody in brain samples of
indicated mouse genotypes (n = 3). (C) Quantification of O-GlcNAc protein level in fig. S2B. (D)
Quantification of O-GIcNAc area in Fig. 2D. (E) Quantification of OGA activity in indicated
genotypes of mice (n = 3 to 4 per groups). (F) The weight of indicated mouse genotypes used in
behavioral tests. (G) Blood glucose during oral glucose tolerance test of indicated mouse genotypes at
16 weeks of age (n = 4). (H) Area under curve of fig. S2G. (I) The number of P-MLKL positive cells
in Fig. 2D. (J) Time of memory retention in the passive avoidance test of indicated mouse genotypes;
WT, WT;0GA ™", 5xFAD, and 5XxFAD;OGA"" at 3 months (n = 5 to 7). (K) The spontaneous alteration
in Y-maze of indicated mouse genotypes at 3 months. (L) Immunostaining of NeuN and AP in the
brain tissues of 5XFAD and 5xFAD; OGA *" mice at 3 months; scale bar = 20 pm. Three slices of each
sample were used to normalize each sample. Values are presented as means = SEM. #P < 0.05, and
###P < 0.001 versus WT; *P < 0.05 versus 5XxFAD; one-way ANOVA with Tukey’s test. N.S:

nonsignificant .
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Fig. S3. OGA inhibitor rescued cognitive function in the Ap-injected mice. (A) A schematic
diagram of AP, drug treatment, and cognitive testing. (B) Western blot analysis of O-GlcNAc¢ in brain
samples of experimental mice (n = 3). (C) Analysis of the number of arm entries of experimental mice
in the Y maze test (n = 6). (D) The evaluation of spontaneous alternation levels of each group in the Y
maze test. Values are presented as means + SEM. ##P < 0.01 versus Control; **P < 0.01 versus Ap

injected group; one-way ANOVA with Tukey’s test.
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Fig. S4. OGA haploinsufficiency did not affect the levels of proteins involved in amyloidogenesis
in the brain tissue of SXFAD mice, but decreased the Ap burden in the brain tissue of SxXFAD
mice. (A) Western blot analysis of O-GlcNAc proteins in APP immunoprecipitates from mice brain
samples. The precipitated IgG heavy chain is marked with an asterisk. (B) Western blot analysis of
expression of proteins related to APP processing in brain samples of indicated mouse genotypes (n = 3;
9 months of age). (C) Quantification of the expression of proteins related to APP processing in brain
samples of 5XFAD mice and 5xFAD;OGA *-. (D and E) A plaques in cortex (D) and hippocampus
(E) of mice samples; scale bar = 100um. (F and G) Quantification of AB plaques loads in cortex (F)

and hippocampus (G) (n = 3 to 5). (H) Western blot analysis of AP expression in the cortex and
hippocampus of indicated mouse genotypes (n = 3). (I and J) Quantification of AP expression in the
cortex (I) and hippocampus (J) of indicated mouse genotypes. Three slices of each sample were used
to normalize each sample. Values are presented as means £ SEM. *P < 0.05, **P < 0.01, ***P < 0.001

versus 5XFAD; one-way ANOVA with Tukey’s test. N.S., nonsignificant; n.d., not detectable.
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Fig. S5. Increasing O-GlcNAcylation alleviates neuroinflammatory responses. (A to D) mRNA
levels of TNF-a (A), 11-6 (B), 1lI-1B (C), and iNOS (D) in mice brain samples (n = 4 to 6). (E and F)
The levels of TNF-a (E) and IL-1B (F) proteins measured in mice brain samples (n = 3 to 5). Three
slices of each sample were used to normalize each sample. Values are presented as means + SEM. #P
< 0.05, ##P < 0.01, and ###P < 0.001 versus WT; *P < 0.05 and **P < 0.01 versus SxFAD (A to F);

one-way ANOVA with Tukey’s test.
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Fig. S6. Increasing O-GlcNAcylation alters polarization of microglia and increases phagocytic
activity. (A to C) Levels of Arg 1 (A), Fizzl (B), and YM1 (C) mRNA in mice brain samples (n = 3
to 5). (D) Levels of AB4, remaining in the culture media with primary microglia measured by ELISA
(n = 3). (E) Western blot analysis of extracellular and intracellular levels of AB4; in primary microglia
at each time point. (F and G) Quantification of A proteins in supernatant (F) or cell lysate (G) in fig.
S6E. Values are presented as means £ SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001 versus WT; *P <
0.05 and **P < 0.01 versus 5SxFAD (A to C) or WT microglia (D to G); one-way ANOVA with

Tukey’s test (A to C), two-tailed Student’s t test (D to G).
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Fig. S7. O-GlcNAcylation rejuvenates damaged mitochondria. (A) TEM images of cortical region
of mice samples (n = 4 to 7); scale bar = 1 um. (B) TEM images at higher magnification of 5xFAD
and 5xFAD; OGA"" mice (n = 3 to 4); scale bar = 250 nm. (C) Quantification of average length of
mitochondria in fig. S7A. (D) The number of mitochondria in fig. S7A. (E) The number of
fragmented mitochondria in fig. S7B. (F) ATP production in the brain tissue of SxFAD mice (n = 3).
(G) Quantification of Complex IV activity in the brain of mice samples (n = 3 to 5). (H) ATP
production in mitochondria of mice samples (n = 3 to 5; 9 months of age). (I) ROS levels in
mitochondria of mice samples (n = 3 to 5). (J) Images of TMRM staining in primary neurons of WT
or WT;0GA™ mice exposed to AP (n = 3); scale bar = 20 pm. (K) Quantification of TMRM
fluorescence intensity in fig. S7J. (L) Images of TMRM staining in rat primary neurons exposed to A
or treated with thiamet-G (n = 3); scale bar = 10 um. (M) Quantification of TMRM fluorescence
intensity in fig. S7TL. Values are presented as means + SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001
versus WT (C to I) except for 19w (F) or control group (K and M); *P < 0.05, *P < 0.01, and ***P <
0.001 versus 5xFAD (C to I) except for 31 w (F) or AB exposed group (K and M); one-way ANOVA

with Tukey’s test except for two-tailed Student’s t test (E).



Table S1. Clinical data of AD patients and non-demented control subjects

Patients Age Gender | PMI (h) Neuritic Cause of death Braak
(years) Plaques stage
AD patients
1 83 Male 4.00 24.6 Aspiration pneumonia 6
2 78 Male 3.75 34.2 Unknown 6
3 84 Male 4.5 34.8 Unknown 6
4 86 Female | 3.25 19.4 Respiratory infection 6
5 74 Male 3.00 27.2 Fall 6
6 90 Female | 2.6 30.4 Unknown 6
MeantS.D | 82.5+5.22 3.51+0.63 | 28.43%+5.40
Non-demented
1 81 Male 2.0 134 Pulmonary embolism 2
2 76 Female | 2.0 0 Chronic obstructive | 1
pulmonary disease
3 85 Male 2.0 5.6 Unknown 3
4 74 Male 4.0 0 Congestive heart failure 1
5 86 Female | 2.25 7.6 Unknown 2
6 86 Female | 3.75 7.8 Cardiovascular disease 1
MeantS.D | 81.33+4.82 2.67+0.86 | 5.73+4.70
Table S2. Antibody information
Antibody
Name Company N Cat. Host | Reactivity Molecular concentration
umber weight . .
w.B Staining
AB Abcam Ab39377 R H, M 1:1000
AB (6e10) Biolegend 803004 M H 10~ 1: 1000
APP Biolegend 802801 M H,M,R 100~150 1: 1000
APP-CTF Biolegend 802801 M H,M,R 100~150(Full) | 1: 1000
10~20(CTF)
BACE1 Cell 5606 R H,M,R 70 1:1000
Signaling
GFAP Millipore MAB360 M H,M,R 51 1: 1000 1:500
Iba-1 Genetex GTX632426 M H,M,R 17 1: 1000
Iba-1 Wako 019-19741 R H,M,R 1:1000
MLKL Millipore CS214789 R H 50~60 1: 1000
MLKL Millipore MABC604 Rat M 52 1: 1000
NeuN Millipore MAB377 M H,M,R 1:1000
NeuN-488 Abcam Ab190194 R H,M,R 1:100
OGA Novus NBP1-81244 R H,M,R 130 1: 1000
O-Glcnac Invitrogen MA1-072 M H,M,R 40~ 1: 1000 1:250
O-GIcNAc Cell 9875 M All 40~ 1: 1000
Signaling
OoGT Abcam Ab96718 R H,M,R 117 1: 2000
P-MLKL Abcam Ab196436 R M 54 1: 1000 1:100
P-MLKL Millipore CS214775 R H 50~60 1: 1000




P-RIPK1 Cell 31122s R M 80 1: 1000
Signaling
P-RIPK1 Cell 65746 R H 80 1: 1000
Signaling
P-RIPK3 Cell 57220 R M 55 1: 1000
Signaling
P-RIPK3 Cell 93654 R H 55 1: 1000
Signaling
PS1 Cell 5643 R H, M, R 20~25 1: 1000
Signaling
RIPK1 BD Sciences 610458 M H MR 74 1: 1000
RIPK3 Abcam Ab56164 R H, M 54 1: 500
Synaptophysin Abcam Ab8049 M H, M, R 38 1:500 1:100
Table S3. QRT-PCR primer information
:;lrrnn:r Sequence (Forward) Sequence (Reverse) Reference
TNF-a CAGAGGGCCTGTACCTCATCc GGAAGACCCCTCCCAGATAG (40)
-6 AATTCGGTACATCCTCGACGG TTGGAAGGTTCAGGTTGTTTTC (40)
-18 AGCTGGATGCTCTCATCAGG AGTTGACGGACCCCAAAAG
iNOS GGGCTGTCACGGAGATCA CCATGATGGTCACATTCTGC
Arg1 TCACCTGAGCTTTGATGTCG CTGAAAGGAGCCCTGTCTTG (517)
Fizz1 CTGATGAGACCATAGAGATTATCGTG | GCACAGGCAGTTGCAAGTATCTCC | (52)
YM1 CGAGGTAATGAGTGGGTTGG CACGGCACCTCCTAAATTGT (517)
GAPDH | TGTCCGTCGTGGATCTGAC CGTGCTTCACCACCTTCTTG
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