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Fig. S1. Amyloid Precursor Protein (APP) amino acid sequence containing the
AB1-X and APP/ABX-15 glycopeptides identified in human CSF. The positions of
the a—, p— and y-secretase cleavage sites are shown as arrowheads above the APP
amino acid sequence. The APP/ABX-15 glycopeptides, all ending at Asnl5, are
shown above the sequence (blue series). The AB1-X glycopeptides are shown below
the sequence (green series). The glycosylation sites presented in this study are
indicated as red S/T/Y residues. Longer AB1-X peptides could not be detected in
glycosylated form (black series).
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Fig. S2. Immunopurified Ap peptides and glycopeptides in human CSF. (A)
Total-ion current chromatogram at 15.0-40.0 min of immunopurified A peptides and
glycopeptides. (B) Combined full mass spectra at 33.8-35.3 min showing Ap1-40 and
an apparent lack of AB1-40 glycopeptides. (C) Combined full mass spectra at 16.7-
18.2 min showing APB1-15, SA,-AB1-15 and SA3-AP1-15, as well as additional AR
peptides and glycopeptides. Minor ions® and singly charged ions' ® are of unknown
origin. (D) Extracted ion chromatograms for the m/z values corresponding to [M +
4H]* of the AB1-15 peptide, AB1-15-Arg-">C"°N standard (AB1-15%), SA,-AB1-15,
and SA;-AP1-15. Parent ions are in the [M + zH]*" form and charges are shown in

superscript when z >1.
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Fig. S3. CID MS” spectra of AB1-X glycopeptides. (A) MS' (left) and CID MS?
(right) of SA-AB1-15. (B) CID MS? of SA,-AB4-15. (C) CID MS? of lactonized SAs-
AP4-15. The presence of the peptide+NeuSAcHexNAc fragment ion at m/z 669.7

demonstrates that the disialosyl group was attached to the Hex rather than to the



HexNAc. (D) CID MS? spectrum of SA3-AB1-16. (E) CID MS? spectrum of
lactonized SA3-Ap 1-16. (F) CID MS? spectrum of SA>-Ap —3-15. (G) MS? spectrum
of SA-AB1-17 (H) MS? spectrum of SA,-AB1-17. This MS? spectrum was acquired in
the ion cyclotron resonance (ICR) mode. The isotopic resolution of the fragment ions
is demonstrated in the insert. The sensitivity in ICR mode is lower than for the linear
quadrupole ion trap (LQIT) mode, which was used for the collection of most CID
MS? spectra. (I) - (W) Additional CID MS? spectra of Ap1-X glycopeptides. Ions are
in the [M + zH]”" form and the charges are shown in superscript when z>1. The mass
accuracy was <5 ppm for all precursor ions and their monoisotopic m/z values and
charge (4+) are shown. The annotated m/z values of fragment ions are those picked by
the Xcalibur program. The Neu5SAc oxonium ion and its loss of H>O are present at
m/z 292 and 274, respectively. The O-AcNeuSAc oxonium ion and its loss of H,O are
present at m/z 334 and 316, respectively. The lactonized NeuSAcNeuSAc oxonium

ion and its loss of one and two H,O are present at m/z 565, 547 and 529, respectively.
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Fig. S4. ECD MS” spectra of AB1-X glycopeptides (A)-(D) Fully m/z annotated ECD
spectra and lists of c- and z-ions accompanying Fig. 2 of the main text. (E) ECD MS®
spectrum of SA3-AP1-15. The presence of a glycosylated z6 peak is shown in the insert. (F)
ECD MS? spectrum of SA3-AB1-17. The presence of a glycosylated z8 peak is shown in the
expansion. (G) ECD MS? spectrum of AB1-15 peptide. (H) ECD MS? spectrum of SA,-Ap4-
17. The presence of glycosylated z8 and z9 peaks is shown in the expansion (I) ECD MS?
spectrum of SA>-AB—3-15. (J) ECD MS? spectrum of SA3-AB1-19. (K) ECD MS? spectrum
of AB1-19 peptide. The lists of c- and z-series of peptide backbone fragments were prepared
by the use of the MS product utility at the Protein Prospector homepage
(http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct). The identified
fragment ions are annotated in the spectra, and shown in relation to the peptide sequences.
The molecular ion and its charged reduced forms (M) are present in the spectra. M-Ac, loss of

acetyl from M. The peaks were expanded and the M peaks were cropped.
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Fig. S5. CID MS’ of additional APP/AB.X-15 glycopeptides. (A) MS' and CID MS® of
NeuSAcHex(NeuSAc)HexNAc APP/AR—45-15 showing the diagnostic y57 peptide fragment

peaks. (B) MS' and CID MS? of (Neu5AcHexHexNAc); APP/AB-51-15. The same

glycopeptide possessing different charges, are fragmented here (z = 7) and in Fig. 4C of the

main text (z = 8). The diagnostic b9 and y57 ion peaks were only visible for z = 8, and were

generally more pronounced at the higher charge state of the APP/ABX-15 glycopeptides. (C) -

(L) CID MS? spectra of additional APP/ABX-15 glycopeptides. "The MS' peaks for the

monoisotopic m/z value were not visible and the measured m/z values for the second isotopes

are given instead.
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Fig. S6. CID and ECD MS? of NeuSAcHex(Neu5Ac)HexNAc-APP/AB-25-15 (A) MS'

(left) and CID MS? (right) and (B) ECD MS? spectrum of Neu5AcHex(Neu5Ac)HexNAc -

APP/AB-25-15. CID MS? was acquired in ICR mode. Isotopic distributions of fragment ions

are demonstrated in the inserts supporting the evidence of significant fragments. Selected c-

and z-fragments are annotated and shown in relation to the peptide sequence. The attachment

site for the glycan was either Thr(—21) or Thr(-20).
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Fig. S7. Identification of Thr (21, —20 and —13) glycosylation sites. (A) ECD
spectrum of the —23-(—10) glycopeptide with three HexHexNAc glycans at Thr (-21,
—20 and —13). The amino acid numbering is according to the AP sequence. Ser(—16)
was excluded as a glycosylation site in this glycopeptide. Sialic acids were originally
present on the glycopeptides but were removed as a part of the enrichment protocol.
(B) CID MS? spectrum of the same —23-(—10) glycopeptide as in (A). (C) CID MS? of
the —23-(—10) glycopeptide with two HexHexNAc glycans. (D) CID MS? of the —23-
(—10) glycopeptide with one HexHexNAc glycan. The peptide ion peak in the MS?
spectra (m/z 708.0) gave peptide fragmentation in the MS” spectrum, which was used

to determine the peptide identity by Mascot database searching (See Table S2).
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Fig. S8. Identification of Thr (—39) and Ser(-5) / Thr(-9) glycosylation sites. (A)
CID MS? of the —9-5 glycopeptide with one HexHexNAc glycan (left). The
glycosylation site was either Ser(—5) or Thr(-9). The deglycosylated peptide ion (m/z
850.5) present in the MS” spectrum gave peptide fragmentation in the MS® spectrum
(right), which was subjected to Mascot database searching to determine the
glycopeptide identity (see Table S2). “The methionine was oxidized (+16 Da)
resulting in a characteristic neutral loss of 64 Da from the oxidized Met in the CID
MS? spectrum (M-64). (B) CID MS? of the —9-(—2) glycopeptide carrying one
HexHexNAc glycan on either Ser(=5) or Thr(-9). (C) CID MS? of the —44-(—29)
glycopeptide carrying one HexHexNAc glycan. The presence of glycosylated y14
peptide fragments in the MS? spectrum pinpointed the glycosylation site to Thr(-39).
The y14 fragments represent the same fragmentation site as for the prominent y57

fragment ions for the APP/ABX-15 glycopeptides (see Fig. 4 and Fig. SS).
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Fig. S9. Mean intensity ratios of APP/AR glycopeptides versus the corresponding
unglycosylated peptides for AD and non-AD patients. A mean ratio of 1 was set to
100% and the extensions of the bars represent one standard deviation around the
mean. The ratios were generally higher for AD compared to non-AD for most of the
AB1-X peptides, while the opposite was observed for most of the APP/AP X-15
peptides.
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Fig. S10. Heat map showing the relative signal intensities of individual

APP/AB X-15 peptides and glycopeptides for AD and non-AD patients. Data were

normalized in the same way as in Fig. 3 of the main text (see also Fig. S9 and Table

S1).
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Table S1. Structures and relative intensities of 6E10 immunopurified APP/Af

peptides and glycopeptides of human CSF samples. The glycosylated/unglycosylated

spectral intensity ratios for AP peptides and glycopeptides from AD versus non-AD

patients (nonAD) are shown.

Calculated AD vs. C (mean C set to 1)° Mean
Peptide/Glycopeptide monoisotopic | MS” data® | Mean | Std dev. | Mean | Std dev. | intensity
mass (Da) nonAD | non-AD AD AD (10g10)d

AP1-13 1560.6593 Y 1.0 0.2 0.7 0.2 53
AB1-14 1697.7182 Y 1.0 0.1 0.9 0.1 5.9
AP1-15 1825.7768 S4G 1.0 0.2 0.9 0.2 6.0
SaHHn-Ap1-15 2482.0044 S3A 1.0 0.3 1.1 0.5 3.6
Sa,HHn-AB1-15 2773.0999 | F1A, F2A 1.0 0.1 1.4 0.1 5.1
LaSa,SaHHn-AB1-15 3046.1847 F1D 1.0 0.2 1.9 0.1 4.4
Sa;HHn-AB1-15 3064.1953 | F1B, S4E 1.0 0.1 1.6 0.0 4.7
Ac-Sa;HHn-AB1-15 3106.2058 F1C 1.0 0.3 2.3 0.3 4.0
AB1-16 1953.8718 Y 1.0 0.2 1.1 0.2 53
LaSa,SaHHn-AB1-16 3174.2797 S3E Below threshold <3.0
Sa;HHn-AB1-16 3192.2902 S3D Below threshold <3.0
AB1-17 2066.9559 Y 1.0 0.1 1.0 0.1 7.3
SaHHn-AB1-17 2723.1835 S3G 1.0 0.4 1.1 0.3 4.6
Sa,HHn-AB1-17 3014.2789 | F2B, S3H 1.0 0.1 1.2 0.1 5.8
LaSa,SaHHn-AB1-17 3287.3637 S3K 1.0 0.2 1.6 0.1 4.5
Sa;HHn-AB1-17 3305.3743 | S3I, S4F 1.0 0.1 1.2 0.3 4.7
Ac-Sa;HHn-AB1-17 3347.3849 S3J 1.0 0.2 1.5 0.1 4.1
AP1-18 2166.0243 Y 1.0 0.2 1.0 0.1 6.0
Sa,HHn-AB1-18 3113.3473 S30 1.0 0.1 1.1 0.1 4.4
LaSa,SaHHn-AB1-18 3386.4321 S3R 1.0 0.3 2.5 0.5 4.1
Sa;HHn-AB1-18 3404.4427 S3p 1.0 0.2 1.4 0.4 4.5
Ac-Sa;HHn-Ap1-18 3446.4533 S3Q 1.0 0.2 1.3 0.5 32
AB1-19 2313.0927 S4K 1.0 0.1 1.2 0.1 7.3
Sa,HHn-AB1-19 3260.4157 S38 1.0 0.1 1.4 0.2 53
LaSa,SaHHn-AB1-19 3533.5006 S3v 1.0 0.4 2.5 0.6 52
Sa;HHn-AB1-19 3551.5111 | S3T, S4J 1.0 0.2 1.9 0.4 5.4
Ac-Sa;HHn-AB1-19 3593.5217 S3U 1.0 0.2 1.4 0.3 4.2
AB1-20 2460.1611 Y 1.0 0.2 1.0 0.2 5.9
Sa,HHn-AB1-20 3407.4841 S3wW 1.0 0.5 0.8 0.4 3.9
AP1-28 3260.5275 Y 1.0 0.3 0.5 0.2 6.3
AB1-30 3388.5861 Y 1.0 0.1 1.1 0.1 6.7
AP1-33 3671.7757 Y 1.0 0.1 1.0 0.1 7.5
APB1-34 3784.8598 Y 1.0 0.1 0.8 0.1 7.6
APB1-37 4071.9901 Y 1.0 0.0 1.0 0.0 7.9
AP1-38 4129.0116 Y 1.0 0.0 1.0 0.0 8.6
AB1-39 4228.0800 Y 1.0 0.0 1.2 0.1 7.8
AB1-40 4327.1484 Y 1.0 0.0 1.0 0.0 8.8
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Apl-42| 45112696| Y 10 | 02 | os | o1 6.6
Ap4-15 1510.6702 N Below threshold <3.0

Sa,HHn-AP4-15| 2457.9932| S3B 10 | 04 | 22 | 09 4.0
LaSa,SaHHn-Ap4-15 2731.0781 S3C Below threshold <3.0

AB4-17| 17518492 N 1.0 0.2 0.9 0.1 43

Sa,HHn-AB4-17|  2699.1722 | S3L,S4H | 1.0 0.1 1.4 0.1 53
Sa;HHn-AB4-17|  2990.2676| S3M 1.0 0.1 2.1 0.1 4.1

AB5-17| 16047808 | N 1.0 0.2 0.6 0.1 43
Sa,HHn-Ap5-17 2552.1038 S3N Below threshold <3.0

AB(3-15)| 21839812 N 1.0 0.4 0.4 0.2 3.6
Sa,HHn-AB(-3-15) |  3131.3043 | S3F,S41 | 1.0 0.1 1.1 0.2 4.4
AB(4-15)| 2313.0238| Y 1.0 0.2 0.7 0.1 5.2

AB(-5-15)|  2400.0558| Y 1.0 0.1 1.0 0.1 5.5

ABC11-15)|  31134518| Y 1.0 0.2 1.0 0.1 5.9

AB(-14-15) |  3441.6264| Y 1.0 0.2 1.0 0.2 5.5

AB(-21-15)|  4097.9506| Y 1.0 0.2 1.1 0.1 6.0

AB(22-15) |  4211.0347| Y 1.0 0.2 1.4 0.2 6.4

AB(25-15)| 4539.1842| Y 1.0 0.1 1.0 0.1 73
SaHHn-AB(-25-15)| 51954118 N 1.0 0.1 1.0 0.2 6.3
Sa;HHn-AB(25-15)| 54865073 |  S6 1.0 03 1.4 0.3 6.8
(SaHHn)s-AB(25-15)| 6507.8671| F4B 1.0 0.2 0.7 0.2 5.8
AB(-45-15)| 6601.1445| Y 1.0 0.2 13 0.2 7.0
Sa,HHn-AB(—45-15)| 75484676 | SSA 1.0 0.1 0.9 0.1 6.6
AB(-51-15)| 72864418 | Y 1.0 0.2 1.0 0.1 6.4
SaHHn-AB(-51-15)|  7942.6694| S5C 1.0 0.1 0.9 0.2 7.1
Sa,HHn-AB(-51-15)| 82337649 | S5D 1.0 0.1 0.9 0.3 6.4
(SaHHn),-AB(-51-15)|  8598.8970 | SSE 1.0 0.1 0.5 0.2 6.5
Sa,HHnSaHHn-AB(-51-15)| 8889.9925| N 1.0 0.4 1.0 0.5 6.0
(SaHHn);-AB(-51-15) |  9255.1247 | F4C,S5B | 1.0 0.2 0.5 0.1 7.1
Sa,HHn(SaHHn),-AB(-51-15) |  9546.2201|  S5F 1.0 0.2 0.7 0.0 6.7
(SaHHn)-AB(-51-15)| 99113523 | S5G 1.0 0.5 1.1 0.6 6.8
Sa,HHn(SaHHn);-AB(-51-15) | 10202.4477| Y 1.0 0.4 1.1 0.3 6.6
(Sa;HHn),(SaHH)-AB(-51-15) | 10493.5431| N 1.0 03 0.8 0.2 6.0
(SaHHn)s-AB(-51-15)| 105675799 | N 1.0 0.4 0.7 0.3 5.8
Sa,HHn(SaHHn),-AB(-51-15) | 10858.6753| N 1.0 03 0.6 0.1 53
AB(-57-15)|  7967.7751| Y 1.0 0.1 1.0 0.1 7.2
SaHHn-AB(-57-15)|  8624.0027| SSH 1.0 03 0.8 0.3 6.6
Sa,HHn-AB(-57-15)|  8915.0982| s3I 1.0 0.1 0.8 0.2 6.8
(SaHHn),-AB(-57-15)| 92802303| N 1.0 03 0.9 0.2 6.4
Sa,HHnSaHHn-AB(-57-15)| 95713258 | N 1.0 0.2 0.8 0.1 5.8
(SaHHn);-AB(-57-15) |  9936.4580 | F4D 1.0 0.1 0.7 0.1 6.9
Sa,HHn(SaHHn),-AB(-57-15) | 10227.5534| N 1.0 0.2 0.8 0.1 6.5
(SaHHn),-AB(-57-15) | 10592.6856 |  S5J 1.0 03 0.6 0.2 6.9
Sa,HHn(SaHHn);-AB(-57-15) | 10883.7810| N 1.0 03 0.7 0.2 6.6
(Sa;HHn),(SaHHN)-AB(-57-15) | 11174.8764| N 1.0 0.5 0.5 0.3 5.6
(SaHHn)s-AB(-57-15)| 112489132 N 1.0 02 | 757 | 400 6.2
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Sa,HHn(SaHHn),-AB(-57-15) | 11540.0086 N 1.0 0.3 0.9 0.5 48
AB(-58-15)|  8054.8072 Y 1.0 0.2 1.2 0.1 6.7

AB(-63-15)|  8601.0510 N 1.0 0.1 1.0 0.1 6.4

SaHHn-AB(-63-15) |  9257.2786 N 1.0 0.3 1.0 0.3 6.7
Sa,HHn-AB(-63-15) |  9548.3741 N 1.0 0.5 1.3 0.6 6.2
(SaHHn),-AB(-63-15) | 9913.5062 N 1.0 0.6 36.2 17.5 6.3
Sa,HHnSaHHn-AB(-63-15) | 10204.6017 N 1.0 0.3 0.9 0.1 5.9
(SaHHn);-AB(—63-15) | 10569.7339 |  S5K 1.0 0.1 0.7 0.1 7.0
Sa,HHn(SaHHn),-AB(-63-15) |  10860.8293 N 1.0 0.3 0.8 0.1 6.6
(SaHHn);-AB(—63-15) | 11225.9615|  S5L 1.0 0.3 0.5 0.1 7.0
Sa,HHn(SaHHn);-AB(—63-15) | 11517.0569 |  F4E 1.0 0.4 0.9 0.2 6.8
(Sa,HHn),(SaHHn),-AB(—63-15) |  11808.1523 N 1.0 0.3 1.0 0.4 6.1
(SaHHn)s-AB(-63-15) |  11882.1891 N 1.0 0.4 0.4 0.3 6.0
Sa,HHn(SaHHn),-AB(-63-15) | 12173.2845 N 1.0 0.3 0.8 0.2 5.7

* Sa = Neu5Ac, H = Hex, Hn = HexNAc, LaSa, = two Neu5Ac linked with lactone

formation, Ac = O-acetyl

®Y = CID MS? data obtained but not shown in this publication; N = MS? data not
obtained; F# = MS? data obtained and shown in Fig. #; S# = MS? data obtained and

shown in Fig. S#

¢ Values obtained as described in the Materials and Methods section. Below threshold

= no signal detected in the AD vs. non-AD study, but detected in other experiments.

d log;o values of mean peak intensity of the 13 spectra used in the quantitative AD vs.

non-AD

study. Signal threshold was subjectively set to 1000 (log;o1000 = 3). Peptides with

logio peak intensity <3.0 in this set were thus below the detection threshold.

Table S2. Sequence and structures of APP/A glycopeptides obtained after sialic acid

capture-and-release of peptides immunopurified from CSF with the 6E10 antibody.

CID MS? spectra of these glycopeptides are shown in Figs. S7 and S8.

Pepide Fegion Giycan seore(p<005)
K.TEEISEVK.M -9-(-2) HexHexNAc 34 >25
K.TEEISEVKMDAEFR.H -9-5 HexHexNAc 62 >21
R.GLTTRPGSGLTNIK.T —23-(—10) (HexHexNAc)s - -
R.GLTTRPGSGLTNIK.T —23-(—10) (HexHexNAc), 19 >18
R.GLTTRPGSGLTNIK.T —23-(—10) HexHexNAc 39 >19
D.SVPANTENEVEPVDAR.P —44-(-29) HexHexNAc 43 >25
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