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Suppl Fig S1. Purity and structure analysis of '3C-labeled 8-mer-1 calibrant. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-MS spectrum
of 13C-labeled 8-mer-1 calibrant. The molecular ions carrying 4 and 5 negative charges with Na adduct are indicated. The structure is shown above. Red circles
represent '3C-labeled sites.
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Suppl Fig S2. Purity and structure analysis of '3C-labeled 8-mer-2 cailbrant. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-MS
spectrum of 13C-labeled 8-mer-2 calibrant. The molecular ions carrying 4 and 5 negative charges with Na adduct are indicated. The structure is shown
above. Red circles represent 13C-labeled sites.
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Suppl Fig S3. Purity and structure analysis of 3C-labeled 8-mer-3 calibrant. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-
MS spectrum of '3C-labeled 8-mer-3 calibrant. The molecular ions carrying 5 and 6 negative charges with Na adduct are indicated. The structure is shown
above. Red circles represent 3C-labeled sites.
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Suppl Fig S4. Purity and structure analysis of 3C-labeled 8-mer-4 calibrant. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-
MS spectrum of 3C-labeled 8-mer calibrant 4. The molecular ions carrying 4 and 5 negative charges are indicated. The structure is shown above. Red
circles represent '3C-labeled sites.
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Suppl Fig S5. Purity and structure analysis of 13C-labeled 10-mer-5 calibrant. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-
MS spectrum of 3C-labeled 10-mer-5 calibrant. The molecular ions carrying 4, 5 and 6 negative charges with Na adduct are indicated. The structure is
shown above. Red circles represent '3C-labeled sites.
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Suppl Fig S6. The amount of total HS from human brain tissue with different neurodegenerative diseases. The data are presented as mean + S.D. p
value was determined by two tailed unpaired t test, *p < 0.05, **p<0.01, ***p<0.001 and ****p<0.0001.
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Suppl Fig S7. The amount of individual disaccharide from human brain tissue with different neurodegenerative diseases. The data are presented as mean +

S.D. p value was determined by two tailed unpaired t test, *p < 0.05, **p<0.01, ***p<0.001 and ****p<0.0001.
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Suppl Fig S8. Purity and structure analysis of 14-mer-1. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-MS spectrum of
14mer-1. The molecular ions carrying 8, 7 and 6 negative charges with Na adduct are indicated. The structure is shown above.
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Suppl Fig S9. Purity and structure analysis of 14-mer-2. Panel A shows the SAX-HPLC chromatogram. Panel B shows the ESI-MS spectrum of
14mer-2. The molecular ions carrying 8 and 7 negative charges with Na adduct are indicated. The structure is shown above.
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Suppl Fig S10. The LC-MS analysis of heparin lyases digest of 14-mer-1 and 14-mer-2. Panel A shows the LC-MS analysis of 14-mer-1. Panel B shows the LC-MS
analysis of 14-mer-2.
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Suppl Fig S11. The inhibition of the cellular binding and cellular internalization of protein tau by heparin and heparinase. Legend is continued on



Suppl Fig S11. The inhibition of cellular internalization of protein tau by heparin and heparinase. A) shows the
internalization of Alexa488 labeled tau (Tau-Alx488, 2.7ug/mL, 56 nM) to the cells in the absence or the presence of heparin (20
or 200 pg/mL, 1.67 and 16.7 uM, respectively) or heparinase (1.3 U/mL or 1 U/mL). B) shows overlayed five plots from flow
cytometry analysis after the cells incubated with BSA (1.6 ug/mL, 24 nM, grey line), with Tau-AIx488 (2.7 ug/mL (56 nM), 0.3
mL/well, green line), Tau-Alx488 (2.7 pg/mL (56 nM), 0.3 mL/well) and heparin (20 pyg/mL, 1.67 uM) or heparinase (1 U/mL)
(yellow line) and Tau-AIx488 and heparin (200 pg/mL, 16.7 uM) or heparinase (1.3 U/mL) (red line). C) shows the microscopic
images of the cells after incubation with BSA (1.6 ng/mL, 24 nM, grey line), or Tau-Alx488 (2.7 ug/mL (56 nM), 0.3 mL/well) with
or without heparin (200 pg/mL, 16.7 uM) or heparinase (1.3 U/mL).
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Suppl Fig S12. Determination of the binding affinity between tau and 14-mers. The SPR sensorgrams are shown on top.

The data with () in parentheses are the standard deviations (SD) from global fitting of four injections tau at concentrations from
250, 125, 63 and 32 nM.
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Suppl Fig S13. gPCR analysis of mRNA expression of 3-OST-1 from disease and patients. The experiment was done using the ViiA™ 7 Flex Real-Time
PCR System (Thermo Fisher). The range of Ct of 3-OST-1, GAPDH, and CYC1 is 22.8 — 32.3, 16.3 — 23.9, 17.4 — 26.9. mRNA levels of 3-OST1 were quantified
with the 2-AACt method and normalized to the internal control gene GAPDH and CYC1. The results are shown relative to the expression level of the control

group.



Table S1. The quantity of AIS disaccharide (AUA2S-GIcNS6S) from neurodegenerative disease brains
The amount of AUA2S-GIcNS6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 5.23 4.6 9.57 5.44 5.7
2 5.81 4.9 7.75 2.7 4.89
3 4.32 6.5 13.75 8.56 4.22
4 5.27 5.8 7.2 4.1 5.68
5 2.06 135 6.41 6.67 5.21
6 3.89 6.1 10.78 7.54 3.94
7 5.58 7.7 14.57 7.05 7.23
8 5.35 10.2 7.24 7.52 7.19
9 7.17 6.5 10.86 8.91 11.44
10 4.87 12.99 8.96 9.19
11 20.18
12 12
13 14.69
14 6.64

Average+SD 4.96+1.28 7.3142.69 11.05+3.82 6.75+1.98 6.47+2.24

The mass percentage of AUA2S-GIcNS6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 5.73 5.46 3.18 231 5.46
2 6.27 2.94 5.66 4.57 4.94
3 5.33 3.34 3.38 3.08 4.99
4 4.47 3.2 3.61 4.09 4.48
5 4.96 5.05 3.76 6.19 5.48
6 3.22 3.95 6.1 3.68 4.88
7 3.84 4.68 4.54 4.12 3.88
8 3.51 3.35 4.14 2.68 6.87
9 5.01 3.75 3.72 5.71 5.28
10 243 3.57 5.91 3.27
11 3.18
12 4.96
13 5.22
14 2.46

Average+SD 4.48+1.15 3.97+0.84 4.11+1.01 4.23+1.29 4.95+0.92




Table S2. The quantity of AllS disaccharide (AUA-GICNS6S) from neurodegenerative disease brains
The amount of AUA-GIcNS6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg) | LBD (ng/mg)
1 3.98 6.4 10.67 8.58 9.16
2 5.43 8.8 10.1 3.25 8.53
3 4.52 11.6 13.04 13.84 6.07
4 3.87 10.2 5.35 6.67 7.99
5 3.6 27.6 8.55 7.07 6.52
6 4.97 12.4 18.9 11.75 5.74
7 6.73 13.9 26.66 12.48 12.16
8 8.31 17.1 11.98 13.56 9.32
9 12.83 10.9 19.46 10.85 17.68
10 8.41 22.01 8.56 18.14
11 37
12 22.22
13 30.99
14 14.23

AveragetSD 6.2712.75 13.21+5.83 17.94+8.79 9.66+3.25 10.13%+4.28

The mass percentage of AUA-GICNS6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 6.76 7.44 5.75 3.69 8.31
2 7.62 5.23 9.93 5.49 7.86
3 8.13 5.48 5.23 4.96 7.13
4 7.44 5.64 6.53 6.83 6.17
5 8.65 9.62 6.26 6.59 7.47
6 2.45 8.54 11.27 5.48 7.44
7 3.59 8.47 8.48 7.39 6.44
8 3.68 5.59 8.64 4.72 8.47
9 3.68 6.35 7.96 7 8.1
10 4.24 3.99 5.64 6.31
11 4.14
12 4.7
13 3.88
14 3.29

Average+SD 5.62+2.18 6.9311.54 6.43+2.38 5.78+1.1 7.37+0.8




Table S3. The quantity of AllIS disaccharide (AUA2S-GIcNS) from neurodegenerative disease bra
The amount of AUA2S-GIcNS in different neurodegenerative diseases (ng/mg)
Group.Name/No. Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg)| LBD (ng/mg)

1 7.78 4.1 14.81 12.89 4.57
2 7.56 9.4 13.67 2.79 4.62
3 6.66 10.8 14.53 14.81 4.21
4 5.58 10.2 7.35 4.65 6.16
5 3.98 15 14.65 4.56 4.56
6 3.28 9.1 15.36 54.75 4.04
7 3.75 12.9 17.97 9.1 10.39
8 5.08 17.6 11.4 15.39 5.01
9 8.68 9.1 20.23 6.95 10.27
10 5.6 21.07 7.51 13.26
11 27.52

12 17.4

13 25.81

14 12.38

Average+SD 5.8+1.75 10.91+3.67 16.73+5.29 13.34+14.42 6.71£3.15

The mass percentage of AUA2S-GIcNS in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 4.71 4.82 3.87 5.48 4.34
2 4.21 5.63 7.07 4.71 4.62
3 5.04 5.39 5.23 5.33 4.97
4 5.34 5.68 6.75 4.67 4.86
5 5.71 5.62 6.1 4.23 4.86
6 4.78 6.06 8.32 19.53 5.05
7 4.99 7.85 6.56 5.33 5.57
8 5.41 5.77 7.24 5.46 4.78
9 5.32 5.21 6.94 4.45 4.74
10 4.69 5.53 4.95 4.7
11 5.6
12 5.24
13 5.33
14 5.63

Average+SD 5.02+0.42 5.78+0.8 6.1+1.08 6.41+4.39 4.85+0.3




Table S4. The quantity of AIVS disaccharide (AUA-GIcNS) from neurodegenerative disease brains

The amount of AUA-GIcNS in different neurodegenerative diseases (ng/mg)

Group.Name/No. | Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD_tau (ng/mg) LBD (ng/mg)

1 15.39 11.9 20.87 31.59 14.89
2 10.84 30 18.52 9.16 13.65
3 8.78 36.9 19.34 46.8 11.87
4 7.23 31.2 8.68 15.7 21.55
5 5.57 40.2 19.16 14.46 10.63
6 8.74 19.4 60.32 31.17 10.21
7 10.41 20.9 26.43 21.26 23.44
8 7.35 44.5 25.65 38.15 12.46
9 22.13 21.8 46.45 16.96 25.64
10 11.02 59.97 13.61 41.05
11 47.87
12 46.04
13 56.84
14 26.92

AveragetSD 10.75%4.58 28.53+10.19 34.5+16.99 23.89+11.72 18.54+9.17

The mass percentage of AUA-GICNS in different neurodegenerative diseases (%)
Group.Name/No. Control Preclinic AD AD FTLD_tau LBD

1 12.16 13.84 19.43 13.81 14.03
2 11.76 17.7 10.22 15.47 13.97
3 7.37 16.94 11.31 16.84 14.03
4 12.53 17.05 15.67 15.92 16.08
5 11.41 14.35 16.89 13.44 12.71
6 9.46 13.83 16.04 12.8 13.78
7 7.16 12.81 17.69 13.1 12.18
8 7.13 14.5 15.72 13.22 11.27
9 6.88 12.64 15.01 10.91 11.68
10 6.56 7.79 8.97 14.55
11 7.59
12 6.97
13 6.3
14 7.36

Average+SD 9.24+2.36 14.85+1.79 12.43+4.49 13.45+2.21 13.43+1.39




Table S5. The quantity of AIA disaccharide (AUA2S-GIcNAc6S) from neurodegenerative disease bra
The amount of AUA2S-GIcNACc6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD_ tau (ng/mg) LBD (ng/mg)

1 0.05 0.1 0.19 0.1 0.11
2 0.08 0.1 0.18 0.01 0.09
3 0.08 0.1 0.3 0.14 0.06
4 0.06 0.1 0.11 0.05 0.09
5 0.05 0.4 0.15 0.08 0.06
6 0.07 0.1 0.2 0.1 0.05
7 0.07 0.1 0.29 0.1 0.13
8 0.05 0.2 0.19 0.17 0.12
9 0.16 0.1 0.29 0.13 0.17
10 0.07 0.3 0.03 0.14
11 0.28

12 0.28

13 0.45

14 0.19

AverageSD 0.07+0.03 0.14+0.1 0.24+0.08 0.09+0.05 0.1+0.04

The mass percentage of AUA2S-GIcNAC6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.09 0.09 0.07 0.04 0.09
2 0.08 0.06 0.09 0.01 0.08
3 0.04 0.06 0.07 0.05 0.07
4 0.07 0.06 0.1 0.07 0.06
5 0.08 0.11 0.08 0.07 0.08
6 0.03 0.07 0.11 0.04 0.08
7 0.05 0.08 0.12 0.06 0.07
8 0.07 0.06 0.12 0.05 0.1
9 0.06 0.08 0.1 0.08 0.08
10 0.06 0.07 0.02 0.05
11 0.07
12 0.11
13 0.08
14 0.06

Average+SD 0.06+0.02 0.07£0.02 0.09+0.02 0.05+0.02 0.08+0.01




Table S6. The quantity of AllA disaccharide (AUA-GIcNAc6S) from neurodegenerative disease brains
The amount of AUA-GIcNACES in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD_tau (ng/mg) LBD (ng/mg)

1 13.44 7.5 34.33 11.26 9.16

2 16.01 13 34.88 4.66 8.2

3 14.82 14.7 40.71 17.92 6.73

4 11.5 14.3 16.82 8.43 10.2

5 11.06 25.9 31.26 8.27 7.79

6 4.73 15.4 32.45 13.89 7.18

7 7.01 19.1 29.55 15.35 15.65
8 7.82 24.2 16.54 19.73 10.72
9 13.53 15.5 30.29 11.24 19.76
10 8.89 31.82 14.77 22.56
11 41.27

12 27.27

13 36.47

14 19.18

AverageSD 10.88+3.49 16.6215.35 30.217.64 12.55+4.43 11.81£5.3

The mass percentage of AUA-GICNAC6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 6.84 8.94 9.47 4.76 8.72
2 7.87 7.76 10.9 7.87 8.19
3 7.66 7.46 7.7 6.45 7.96
4 8.34 7.92 10.1 8.41 8.1
5 9.05 9.69 9.21 7.68 8.25
6 8.26 10.34 12.66 6.93 8.92
7 10.58 11.67 10.36 8.94 8.4
8 12.04 7.96 10.26 7 10.33
9 10.94 8.89 10.76 7.21 9.12
10 13.04 12.82 9.74 8.03
11 14.29
12 14.67
13 12.2
14 12.01

Average+SD 9.46+1.96 8.9611.31 11.24+1.89 7.5+1.32 8.6+0.69




The amount of AUA2S-GIcNAc in different neurodegenerative diseases (ng/mg)

Table S7. The quantity of AllIA disaccharide (AUA2S-GIcNAc) from neurodegenerative disease brains

Group.Name/No. Control (ng/mg) | Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg) LBD (ng/mg)
1 0.65 0.4 2.15 0.7 0.33
2 0.37 0.8 1.3 0.38 0.31
3 0.73 0.7 1.72 0.96 0.36
4 0 0.7 0.86 0.38 0.47
5 0.16 0.9 1.64 0.48 0.49
6 0.26 1.3 2.21 0.55 0.34
7 0.35 1.5 1.56 1.3 1.81
8 0.52 1.3 2.72 2.01 0.47
9 0.62 0.8 2.03 0.87 0.98
10 0.46 2.18 1.31 0.72
11 3.55
12 2.93
13 2.24
14 2.59

Average+SD 0.4110.22 0.93+0.34 2.12+0.67 0.89+0.49 0.63+0.44
The mass percentage of AUA2S-GIcNAc in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.47 0.48 0.54 0.28 0.38
2 0.38 0.48 0.93 0.64 0.41
3 0.55 0.41 1.31 0.36 0.44
4 0.52 0.43 0.65 0.32 0.42
5 0.45 0.47 0.68 0.43 0.42
6 0.4 0.88 1.06 0.37 0.38
7 0.24 0.94 1.08 0.77 0.97
8 0.6 0.45 0.67 0.72 0.53
9 0 0.42 1.45 0.55 0.47
10 0.19 0.8 0.87 0.28
11 0.53
12 0.62
13 0.62
14 0.63

AveragetSD 0.38+0.18 0.55+0.19 0.83+0.28 0.53+0.2 0.47+0.18




Table S8. The quantity of AIVA disaccharide (AUA-GIcNAc) from neurodegenerative disease brains

The amount of AUA-GIcNAc in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg) LBD (ng/mg)
1 112.01 48.9 146.64 160.33 60.1
2 99.23 98.2 136.04 35.07 58.66
3 76.94 118.5 158.51 171.96 49.91
4 66.96 104.2 84.03 56.62 72.78
5 52.59 143.2 168.22 64.36 53.3
6 45.19 74.9 181.71 102.37 45.39
7 52.85 67.3 130.22 96.98 114.76
8 64.01 181.7 144.83 183.77 58.41
9 98.02 105.4 159.29 94.51 123.9
10 55.21 185.04 93.29 172.34
11 92.59
12 123.08
13 169.74
14 88.87

Average+SD 72.304£22.08 104.7+38.07 140.63+32.31 105.93+47.90 80.96+39.80
The mass percentage of AUA-GIcNAc in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 61.6 57.42 54.46 68.45 55.65
2 59.78 58.47 50.83 59.24 57.6
3 62.99 58.57 64.1 61.74 58.71
4 58.22 57.7 53.2 58.13 56.71
5 56.62 51.74 53.24 59.99 58.62
6 68.86 51.66 31.87 48.77 57.54
7 65.56 41.21 46.56 57.33 60.87
8 62.5 59.65 47.34 64.99 54.56
9 63.74 60.71 49.81 60.82 56.91
10 61.99 54.76 61.48 60.55
11 55.74
12 57.11
13 60.93
14 64.64

Average+SD 62.19+3.35 55.24+5.81 53.1947.95 60.09+4.89 57.77+1.89




Table S9. The quantity of Tetra-1 (AUA-GICNAc6S-GIcA-GIcNS3S6S) from neurodegenerative disease brains
The amount of AUA-GIcNAc6S-GIcA-GIcNS3S6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) |FTLD tau (ng/mg) LBD (ng/mg)

1 0.47 0.6 3.81 0.75 0.75
2 0.82 0.9 3.13 0.27 0.62
3 0.39 1.2 4.75 1.09 0.37
4 0.44 0.7 1.47 0.66 0.76
5 0.58 2.6 2.11 0.61 0.51
6 0.3 1.6 4.3 1.15 0.45
7 0.6 39 4.04 0.9 0.75
8 0.69 2.8 1.31 1.12 0.8
9 1.14 1.2 4.88 0.91 1.81
10 0.61 3.66 1.32 1.13
11 12.04

12 5.36

13 6.07

14 2.48

AverageSD 0.64+0.23 1.72+1.07 4.24+2.56 0.88+0.30 0.8+0.39

The mass percentage of AUA-GIcNAc6S-GIcA-GIcNS3S6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.43 0.65 1.27 0.31 0.7
2 0.68 0.55 1.61 0.46 0.62
3 0.7 0.61 0.59 0.39 0.44
4 0.69 0.39 1.63 0.65 0.6
5 0.62 0.94 1.06 0.56 0.49
6 0.29 1.08 3.48 0.56 0.54
7 0.54 24 2.04 0.52 0.4
8 0.32 0.93 1.7 0.4 0.75
9 0.42 0.67 1.39 0.58 0.83
10 0.69 1.42 0.87 0.4
11 1.28
12 1.71
13 1.07
14 0.81

Average+SD 0.54+0.15 0.91+0.56 1.5£0.66 0.53%0.15 0.58+0.14




Table $10. The quantity of Tetra-2 (AUA-GICNS6S-GIcA-GIcNS3S6S) from neurodegenerative disease brain
The amount of AUA-GIcNS6S-GIcA-GIcNS3S6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. | Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) FTLD_tau (ng/mg) LBD (ng/mg)

1 0.44 0.1 0.91 0.2 0.68
2 0.58 0.4 0.57 0.02 0.54
3 0.36 1.2 0.84 0.97 0.16
4 0.2 0.9 0.37 0.25 0.72
5 0.49 2.1 0.55 0.07 0.57
6 0.1 1.1 1.94 0.66 0.09
7 0.33 2.5 1.58 1.01 0.66
8 0.72 1.7 0.77 0.45 0.62
9 1.11 0.6 1.36 1.56 2.14
10 0.42 2.15 0.96 0.93
11 5.22

12 1.49

13 2.98

14 0.83

AverageSD 0.48+0.27 1.18+0.75 1.5411.24 0.6+£0.47 0.71+0.53

The mass percentage of AUA-GIcNS6S-GIcA-GIcNS3S6S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.18 0.09 0.54 0.08 0.65
2 0.37 0.27 0.6 0.03 0.5
3 0.72 0.6 0.33 0.35 0.21
4 0.63 0.5 0.45 0.21 0.57
5 0.41 0.72 0.62 0.06 0.58
6 0.27 0.67 1.49 0.32 0.25
7 0.38 1.53 0.55 0.56 0.35
8 0.29 0.57 0.83 0.16 0.56
9 0.19 0.37 0.46 1 0.99
10 0.58 0.34 0.63 0.34
11 0.23
12 0.3
13 0.27
14 0.21

Average+SD 0.4+0.18 0.59+0.38 0.52+0.32 0.34+0.29 0.5+0.22




Table S11. The quantity of Tetra-3 (AUA-GICNS6S-IdoA2S-GIcNS3S6S) from neurodegenerative disease brains
The amount of AUA-GIcNS6S-1doA2S-GIcNS3S6S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg) LBD (ng/mg)
1 1.67 0 16.41 0 0.69
2 1.97 0.4 11.92 0.38 0.24
3 2.65 0.6 6.09 0 0.34
4 2.42 0.6 3.06 0 0.93
5 2.82 0.4 3.07 0.31 0.14
6 0 1 1.12 0.46 0.11
7 0.12 13 0.71 0 0
8 0.46 0.8 0.27 0.39 0.73
9 0.76 0.4 0 1.57 0.95
10 0.48 0.82 0 1.13
11 2.52
12 1.33
13 2.83
14 1

AverageSD 1.34+1.04 0.6+0.36 3.65+4.63 0.3+0.46 0.53+0.39

The mass percentage of AUA-GIcNS6S-IdoA2S-GIcNS3S6S in different neurodegenerative diseases (%

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0 0 0.32 0 0.7
2 0.14 0.23 0.42 0.64 0.19
3 0.46 0.34 0.13 0 0.41
4 0.56 0.36 0 0 0.77
5 0.48 0.17 0.24 0.28 0.22
6 1.03 0.65 0.72 0.31 0.16
7 1.3 0.8 0.51 0 0
8 2.15 0.27 0.82 0.16 0.78
9 231 0.23 0.56 0.99 0.46
10 3.32 6.13 0 0.43
11 4.88
12 2.19
13 2.22
14 1.18

Average+SD 1.18+1.03 0.34+0.23 1.45+1.8 0.24+0.32 0.41+0.26




Table S12. The quantity of Tetra-4 (AUA-GICNS-IdoA2S-GIcNS3S) from neurodegenerative disease brains
The amount of AUA-GIcNS-IdoA2S-GIcNS3S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) FTLD_tau (ng/mg) LBD (ng/mg)

1 1.09 0.4 6.32 1.8 0.73

2 1.93 0.7 5.05 0.41 0.69

3 2.34 1.1 2.65 1.05 0.38

4 1.09 1.6 1.59 0.59 1.22

5 1.44 2.9 3.19 0.34 0.85

6 0.49 2.8 2.75 1.8 0.77

7 0.6 1" 3.67 2.77 1.2

8 0.79 2 0.9 1.06 0.77

9 1.46 0.8 2.92 0.79 2.45
10 1.17 213 1.2 242
11 20.01

12 3

13 7.06

14 2.61

Average+SD 1.24+0.55 2.59+3.09 4.56+4.59 1.18+0.72 1.15+0.68

The mass percentage of AUA-GIcCNS-1doA2S-GIcNS3S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.84 0.53 0.8 0.73 0.74
2 0.66 0.43 1.39 0.69 0.73
3 0.79 0.57 0.41 0.38 0.45
4 0.92 0.89 0.98 0.52 0.98
5 1.17 1.19 0.61 0.31 0.8
6 0.67 1.8 5.53 0.97 0.91
7 1.27 6.74* 1.15 1.56 0.66
8 1.9 0.67 2.01 0.38 0.72
9 1.04 0.48 1.46 0.51 1.13
10 1.7 2.36 0.79 0.9
11 2.07
12 0.96
13 1.15
14 1.23

Average+SD 1.1+0.4 0.82+0.44 1.58+1.22 0.68+0.35 0.8+0.18




Table S13. The quantity of Tetra-5 (AUA2S-GIcNS-ldoA2S-GIcNS3S) from neurodegenerative disease brains
The amount of AUA2S-GIcNS-IdoA2S-GIcNS3S in different neurodegenerative diseases (ng/mg)

Group.Name/No. Control (ng/mg) Preclinic AD (ng/mg) AD (ng/mg) FTLD tau (ng/mg) LBD (ng/mg)

1 0.49 0.2 1.12 0.16 0.21
2 0.73 0.4 0.96 0.12 0.24
3 0.5 0.4 1.31 0.21 0.19
4 0.46 0.3 1.01 0.22 0.25
5 0.45 0.8 1.27 0.15 0.22
6 0.09 0.7 1.11 0.44 0.22
7 0.18 13 0.69 0.54 0.37
8 0.19 0.7 0.39 0.2 0.26
9 0.39 0.4 1.06 0.31 0.5
10 0.39 4.52 0.22 0.55
11 4.97

12 1.05

13 1.69

14 0.66

AveragetSD 0.39+0.18 0.58+0.32 1.5611.34 0.26+0.13 0.3+0.13

The mass percentage of AUA2S-GIcNS-lIdoA2S-GIcNS3S in different neurodegenerative diseases (%)

Group.Name/No. Control Preclinic AD AD FTLD_tau LBD
1 0.16 0.25 0.29 0.07 0.22
2 0.19 0.25 0.35 0.2 0.28
3 0.19 0.22 0.2 0.08 0.22
4 0.28 0.19 0.35 0.2 0.21
5 0.39 0.33 1.23 0.14 0.2
6 0.3 0.46 1.35 0.26 0.25
7 0.48 0.82 0.37 0.3 0.21
8 0.41 0.24 0.49 0.07 0.28
9 0.44 0.21 0.38 0.2 0.23
10 0.53 0.42 0.14 0.2
11 0.4
12 0.47
13 0.73
14 0.49

Average+SD 0.34+0.12 0.33%0.19 0.54+0.33 0.17+0.08 0.23+0.03




Supplementary Table S14. The mass percentage of HS disaccharides and 3-O-sulfation tetrasaccharides in the brain

samples

Di/tetra-saccharides

Mass percentage (%)

A1 A2 A3 A4 B1 B2 B3 B4 F1 F2 F3 F4 G1 G2 G3 G4
AUA-GIcNAc 52.47 51.08 52.82 5590|5577 50.18 47.89 52.26|51.89 5217 56.44 5232|5223 5563 51.61 5148
AUA2S-GIcNAc 1.01 099 125 125 (113 121 104 105 (117 120 082 116 |[125 114 113 1.03
AUA-GIcNAC6S 832 823 760 778 |847 852 987 887 |763 740 770 788 |737 7.68 749 7.24
AUA2S-GIcNAc6S 0.07 0.09 007 006 |009 007 006 0.08 |007 0.07 006 0.08 |007 0.05 0.08 0.07
AUA-GIcNS 15.82 16.46 15.73 13.85|14.23 15.05 1552 15.24 | 1540 15.52 13.70 15.51 | 14.53 15.00 14.65 15.16
AUA2S-GIcNS 940 995 976 868 |820 930 929 903 |10.03 986 814 962 |10.15 861 990 9.79
AUA-GICNS6S 71 74 760 772 |851 930 987 863 |7.77 759 789 771 |7.79 742 853 924
AUA2S-GIcNS6S 277 262 295 244 |243 348 312 298 |337 326 240 323 [445 259 443 407
AUA-GIcNAc6S-GIcA-GIcNS3S6S 054 063 059 068 |009 014 012 008 |062 067 069 066 |063 062 064 0.62
AUA-GIcNS6S-GIcA-GIcNS3S6S 054 063 039 034 (018 085 081 040 |082 087 038 066 |[070 031 072 0.48
AUA-GICNS6S-1doA2S-GIcNS3S6S 0.00 0.00 000 0.00 |000 0.00 o000 0.00 |00OO 000 o000 0.00 |[000 0.00 0.00 o0.00
AUA-GIcNS-IdoA2S-GIcNS3S 068 136 079 068 |050 114 173 065 |[082 080 133 058 035 047 048 0.41
AUA2S-GIcNS-1doA2S-GIcNS3S 061 045 052 062 |050 064 046 048 |048 053 038 058 |[049 047 040 0.48

Note: A group: HS3-OST-1 WT; B group: HS3-OST-1 KO; F group: HS3-OST-3a1 and 3b1 WT, G group: HS3-OST-3a1 and 3b1 DKO



Supplementary Table S15. The mass percentage of HS disaccharides and 3-O-sulfation tetrasaccharides in the liver samples

Di-/tetra-saccharides

Mass percentage (%)

A1 A2 A3 A4 B1 B2 B3 B4 C1 C2 C3 C4 F1 F2 F3
AUA-GIcNAc 49.21 46.97 4590 48.28 |44.55 4536 44.17 49.34 | 53.33 46.36 49.23 45.93 | 47.06 44.39 44.06
AUA2S-GIcNAc 073 065 053 063 |[051 047 056 062 |0.71 061 061 069 |0.68 0.70 0.48
AUA-GIcNAC6S 12.73 13.64 1432 13.56 | 15.85 16.55 16.88 13.86 | 11.17 1293 13.55 13.98 | 13.87 14.03 15.43
AUA2S-GIcNAc6S 0.06 007 0.07 000 |[0.06 008 006 009 |0.05 007 0.08 008 |0.09 0.05 0.06
AUA-GIcNS 13.96 1544 16.06 16.82 | 16.53 16.47 16.75 14.92 | 14.42 16.61 1539 16.44 | 16.77 17.85 16.75
AUA2S-GIcNS 3.72 332 346 316 |[438 383 420 416 (350 320 329 369 (349 342 294
AUA-GICNS6S 738 772 846 741 1068 10.15 11.04 1032|650 735 750 7.83 (757 794 9.60
AUA2S-GIcNS6S 490 534 446 425 |705 6.71 596 638 |3.96 408 482 499 460 508 4.92
AUA-GIcNAc6S-GIcA-GIcNS3S6S 0.1 014 013 0.8 |0.17 008 0.13 013 |0.10 014 0.15 0.15 |0.00 0.00 0.00
AUA-GIcNS6S-GIcA-GIcNS3S6S 079 108 087 081 |[000 000 006 009 |08 095 069 100 [094 080 0.66
AUA-GIcNS6S-IdoA2S-GIcNS3S6S 434 325 386 280 |0.00 0.00 000 0.00 361 538 299 276 |[298 362 288
AUA-GIcNS-1doA2S-GIcNS3S 1.75 202 160 172 (006 008 006 009 |142 197 161 223 |1.70 166 1.92
AUA2S-GIcNS-1doA2S-GIcNS3S 034 036 033 036 |[011 008 013 013 |041 034 023 031 |[0.34 035 0.30

Note: A group: HS3-OST-3a1 and 3b1 WT, B group: HS3-OST-3a1 and 3b1 DKO; C group: HS3-OST-1 WT; F group: HS3-OST-1 KO



Supplementary Table S16. HS analysis from MLE cells and HCT-116°

6
Abbreviation Di/tetra-saccharides Amount (ng/x10° cells)

MLEC HCT-116

AIVA AUA-GIcNAc 156.9 401
AlA AUA2S-GIcNAc 94 0.5
AlA AUA-GICNAC6S 12.7 8.9
AlA AUA2S-GIcNAC6S 1.6 0.1
AIVS AUA-GICNS 60.7 34.8
ANS AUA2S-GIcNS 14.0 3.0
AlNS AUA-GICNS6S 11.2 6.9
AIS AUA2S-GICNS6S 5.2 3.7
Tetra-1 AUA-GIcNAC6S-GIcA-GICNS3S6S 0.7 2.6
Tetra-2 AUA-GICNSBS-GIcA-GIcNS3S6S 0.0 1.2
Tetra-3 AUA-GICNS6S-IdoA2S-GIcNS3S6S 0.0 0.0
Tetra-4 AUA-GICNS-IdoA2S-GIcNS3S 0.1 1.5
Tetra-5 AUA2S-GIcNS-IdoA2S-GIcNS3S 0.1 1.6

Total HS amount 272.4 104.7

a. The data for HCT-116 taken from the publication by Ferreira and colleagues?®. The
data for HCT-116 was presented in ng/mg of protein in the paper. We converted to
ng/x108 cells provided that 0.9 mg of protein was from 108 x cells.
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