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Figure S1. Relative abundance of the secreted PGs from INS-1 832/13 cells. A, Extracted ion
chromatograms (XICs) at m/z 1321.46 (2+) corresponding to the GDFEEKKEEEGSAN glycopeptide
from chromogranin-A (CgA) modified with a monosulfated hexasaccharide, and at m/z 1265.00 (2+)
corresponding to the TPVGSGTNPQVDKR glycopeptide from islet amyloid polypeptide (IAPP)

modified with a monosulfated hexasaccharide. B, Summarizing table of the relative abundances of the

glycopeptides in (A) non-modified or modified with one or two sulfate groups based on the area under
the curves (AUCs). The data display that CgA is the dominating secreted PG from INS-1 832/13 cells.
The two files are samples replicates. MS data have been deposited to the ProteomeXchange
consortium via the PRIDE partner repository' with the dataset identifier PXD024230.
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Figure S2. Mono- and oligonucleotides in GAG sample preparation from INS-1 832/13 cells and
impact of benzonase digestion on chondroitinase ABC depolymerization. A,B, Total ion
chromatograms (TICs) of GAGs from INS-1 832/13 cells without (w/o; A) and with (w/; B) benzonase
digestion prior chondroitinase ABC depolymerization. C,E, MS' spectra of the main peaks in (A) at
16.02—-16.32 min (C) and at 33.32-34.33 min (E), corresponding to RNA-derived mono- and
oligonucleotides and linkage region octasaccharides, respectively. D,F, MS" spectra of two of the main
peaks in (B) at 21.80-22.68 min (D) and at 29.50-30.55 min (F), corresponding to mono- and
disulfated linkage region hexasaccharides, respectively. MS? spectra of selected nucleotide-derived
precursor ions are shown in Fig. S3. The presence of oligonucleotides did not only obstruct the data
interpretation, but also the GAG depolymerization using chondroitinase ABC. The latter was
concluded by the difference in the abundance of the expected hexasaccharide linkage region variants
and the incompletely depolymerized octasaccharide linkage region variants, which without benzonase
digestion were 28% and 72%, respectively, and with benzonase digestion were 96% and 4%,
respectively. Raw data are found in Supplementary Table S3.
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Figure S3. Characterization of mono- and oligonucleotides in GAG sample preparation from
INS-1 832/13 cells. A-F, MS? spectra of the precursor ions at m/z 346.0566 corresponding to dGMP
(A), at m/z 330.0612 corresponding to dAMP (B), at m/z 362.0511 corresponding to GMP (C), at m/z
346.0565 corresponding to AMP (D), at m/z 587.1266 corresponding to the CG dinucleotide (E), and
at m/z 638.5772 (2-) corresponding to the CGUC tetranucleotide (F). Proposed annotations of

fragment ions are based on the nomenclature by Closkey et al.
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Figure S4. Non-sulfated oligosaccharides generated after chondroitinase ABC and AC

depolymerizations of GAGs from INS-1 832/13 cells, but not after chondroitinase B

depolymerization. A-C, XICs at m/z 757.22 (n—) corresponding to unsaturated non-sulfated

oligosaccharides, Adp4n (n=1, 2, 3...), after chondroitinase ABC (A), chondroitinase AC (B) and

chondroitinase B (C) depolymerizations. D-F, MS' spectra at 51-52 min after chondroitinase ABC (D),

chondroitinase AC (E) and chondroitinase B (F) depolymerizations. LC-MS was performed using a

C18 column. The data display the presence of unsaturated non-sulfated oligosaccharides generated

after chondroitinase ABC and AC depolymerizations, but not after chondroitinase B depolymerization.

Since chondroitinases ABC and AC3#, but not chondroitinase B, are known to depolymerize both non-

sulfated CS, chondroitin, and hyaluronic acid (HA), additional experiments were performed to

determine the origin of the non-sulfated oligosaccharides (Fig. S5 and S6).

S-5



A TIC HA untreated

B TIC HA 100 mU HYAL
Adp6 Adp10

C TIC HA 20 mU ChABC

14.94
100 55.20 100 13.8116. sz Adp12 1004 9
90 20 903
801 80 80 1295 55.28
8703 5150 8 70 8 704
60 € 60 € 604
5 5 2
€ 503 | 50 2 50
2.0 16 dp24 30 dfngo 2w % 40
S 14 S 5
@ 304 Ty 1297 81 e 30 © 304
dp8 2150
20 dp6 7.60 20 204
104 apa 1047 10 104
1301 o
0y Aoy - 0 FrrrrrFrR e e AR S
M5 2025 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55 60 510 15 20 25 30 35 40 45 50 55 60
Time (min) Time (min) Time (min)
D MS' at 17.21-18.11 min o8 E MS' at 14.65-16.15 min Adp8 F MS' at 18.46-21.53 min Adp8
766.22 757.22 757.22
10 (2-) g 10 /(27) s 100 Adp7  (25)
& 655.68 < ~
o 2 o o0 @) ™
Va
8 wor S ™ 8 % : ] 80 ol & :
8 7 g = 8 7 & < 8 704
H 664.68 e W H Ao & ~ ] 2 e &
2 6! @) 867.76 & 2 o y g 4 g 603 =
2 4 @) W 2 5 e S| aos B H &
] 5 s . ? | L Jpreen dimers < 503 w| MH|dsH
2 i 2 4 & 12 1010)29 2 40d F (7266).22
T ers k<t Adp7 (3- T )

s 3-) dp9 dimers P S dp9 dimers
g3 a7 O 2 g 954,61 (122)2 30 g Adp8 Adp7 | P9 65568 dp9 & 3 Adp7 Adp8 867.76| 101029
2 dp8 44279 @ |@ (35) fimers 2 378 10 436 73 573 17 (2-) 867.76 201 Adp8 436.78 (530:‘)47 (25) ()

4 38% 61) (3-) ] s 4 3- i () 1o 37810 ()
, L “ ‘ o “.1 | 1 X @) | | "
L N L e wa AR B B HH\HH\HwHH\HH\HHHH\HH\HH\ LS e R
300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
m/z m/z m/z
G TIC dK4/Ch untreated H TIC dK4/Ch 100 mU HYAL I TIC dK4/Ch 100 mU ChABC
1004 56.31 100 55.39 1004 55.28
904 903 903
804 803 804
©
8 70 2 704 8 704
§ s 5
T 604 2 603 2 604
S H 5
2 504 § 503 ] 505
°
£ 404 2 40 2 40
g & 303 3 303
['4 ['4
204 dp36-50 204 203 AdpS o7
104 51.87 104 dp36-50 103 Adp6 Adp8 Adp11-16
o N 5207 o 16.34 2243 31933346 37.70  51.53
T T T T T T s B S e v s A AR L S L
Time (min) Time (min) Time (min)
J MS' at 21.32-22.08 min dp8 K MS' at 21.28-22.05 min L MS' at 21.87-22.88 min AT &
407 76600 dps ’
664.68 (oo g
100 @ T 1005 0 100,
90; o g 903 & & 90; g
80 g o 803 % g g 80 g
@ o _3
g 12 & 8 sl 2 g &
2 60: g e T 60 p8
5 g & b 5 1 dp8 5
3 50 oo . & 8 7 &867.76 [ § 50
2 40 9 2 gl oe e 2 40
g 867.76 g 2 6((33 e)s bl 2
kol 2 3 " k<t
3 s @ 0 & & %
20 20
51048
10 ‘ 3) 10
shitbil 1]
oMU U bl bt L T 0
300 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
m/z m/z m/z

Figure S5. Susceptibility of hyaluronic acid and chondroitin to hyaluronidase and

chondroitinase ABC depolymerizations. A—C, TICs of untreated hyaluronic acid (HA; A), and HA
depolymerized with hyaluronidase (HYAL; B) or chondroitinase ABC (ChABC; C) display
depolymerization of HA with either hyaluronidase or chondroitinase ABC. D—F, MS' spectra at 17.21—

18.11 min (D) displaying saturated HA oligosaccharides in (A), at 14.65-16.15 min (E) displaying

unsaturated and saturated HA oligosaccharides (1:0.4) in (B), and at 18.46—21.53 min (F) displaying

unsaturated and saturated HA oligosaccharides (1:0.1) in (C). G-/, TICs of untreated defructosylated

K4 polysaccharide/chondroitin (dK4/Ch; G), and dK4/Ch depolymerized with hyaluronidase (HYAL; H)
or chondroitinase ABC (ChABC; /) display limited, yet some, depolymerization of dK4/Ch using
chondroitinase ABC. J-L, MS* spectra at 21.32—-22.18 min (J) displaying saturated dk4/Ch
oligosaccharides in (G), at 21.28-22.05 min (K) displaying saturated HA oligosaccharides in (H), and
at 21.87—22.88 min (L) displaying unsaturated dK4/Ch oligosaccharides in (/). LC-MS was performed
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using a C4 column. The large peak appearing at ~55 min in all TICs corresponds to HA or dK4/Ch

larger than those possible to resolve using the current LC system.
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Figure S6. Distinction between hyaluronic acid and chondroitin at MS? level. A-D, MS? spectra
of the [M-2H]?~ precursor ions at m/z 567.66 (A,C) corresponding to unsaturated hexasaccharides,
Adp6, and at m/z 757.22 (B,D) corresponding to unsaturated octasaccharides, Adp8 (B,D), derived
from HA (A,B) and dK4/Ch (C,D). The spectra display that it is possible to distinguish between HA and
dK4/Ch at MS? level. Important fragment ions are indicated in bold. E,F, MS? spectra at m/z 567.6612
(2-) (E) and at m/z 757.2169 (2-) (F) display that the non-sulfated oligosaccharides from INS-1
832/13 cells after chondroitinase ABC and AC depolymerizations correspond to HA. Important

fragment ions are indicated in bold and shaded in blue.
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Figure S7. Hyaluronic acid removal using stepwise hyaluronidase digestion and filter columns.
A-C, TICs of untreated HA (A), and HA subjected to stepwise hyaluronidase digestion (in total 1.2 U
of hyaluronidase) without (B) and with (C) a Spin-X UF step to remove oligosaccharides. The
oligosaccharide size and total intensities (boxed) of the different TICs show that the amount of HA is
greatly reduced upon hyaluronidase digestion and Spin-X UF filtration. D,E, XICs at m/z 757.22 after
chondroitinase ABC (D) and chondroitinase B (E) depolymerizations display the impact of
hyaluronidase digestion. LC-MS was performed using a C4 column. Compare Fig. S7 to Fig. S4; the
differences in retention times between Fig. S7 and S4 are due to the different LC columns used.

F-G, MS' spectra display the [M-2H]?"precursor ion at m/z 757.22 at 21.30 min after chondroitinase

ABC depolymerization (F) and at 21.70 min after chondroitinase B depolymerization (G).
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Figure S8. Comparison of oligosaccharide separation using C18 and C4 LC columns. A,B, XICs
of the fragment ion at m/z 379.05 (2-) corresponding to dp3S2 (GalNAcHexAGalNAc+2S) display
NRE oligosaccharide structures after chondroitinase B depolymerization detected using C18 (A) and
C4 (B) columns. The chromatograms show that the C4 column allows detection of larger NRE
structures than the C18 column. C,D, XICs at m/z 458.06 corresponding to oligosaccharides carrying
one sulfate group per disaccharide (Adp2nSn, n=1, 2, 3...) after chondroitinase ABC depolymerization
using C18 (C) and C4 (D) columns. The higher intensities of the larger structures appearing in (C) as
compared to (D) result from hyaluronidase not being included in the sample preparation. E, Scatter
plot showing the retention times of commonly occurring oligosaccharide structures using C18 (grey)
and C4 (black) columns (n=4 or 5). The graph shows highly reproducible results both for the C18 and
C4 columns, and the shorter retention times obtained using the C4 column. Raw data are found in

Supplementary Table S3.
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Figure S9. Verification of automated data interpretation. A—C, Comparison of the relative
abundances of NREs (A), internal oligosaccharides (B), and linkage regions (C) of 4-O-sulfated CS
after chondroitinase ABC depolymerization between data generated manually (red) and using our
automated search routine (blue). D—F, Scatter plots displaying the reproducibility between runs of the
relative abundances of NREs (D), internal oligosaccharides (E), and linkage regions (F) from 4-O-
sulfated CS after chondroitinase ABC depolymerization (n=4).
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Figure S10. CS/DS oligosaccharides and NREs from INS-1 832/13 cells. A,B, XICs at m/z 458.06
corresponding to disaccharides carrying one sulfate group per disaccharide after chondroitinase AC
(A) and chondroitinase (B) depolymerizations. C, MS? spectrum at m/z 458.0599 at NCE 80%
corresponding to the AHexAGalNAc4S disaccharide after chondroitinase AC depolymerization. D, MS?
spectrum at m/z 458.0608 (2—) at NCE 70% corresponding to the IdoA isomer of Adp4S2° after
chondroitinase AC depolymerization. E, MS? spectrum at m/z 673.1607 (2—) at NCE 70%

corresponding to the dp5S3 NRE after chondroitinase B depolymerization.
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Figure S11. Linkage region hexasaccharide variants from INS-1 832/13 cells generated after

chondroitinase ABC depolymerization. A, MS' spectrum at 14.83 min displaying co-eluting [M-2H]?

precursor ions corresponding to linkage region variants of the monosulfated hexasaccharide without or

with one or two residual amino acid residues. B,C, MS? spectra at m/z 544.6180 (2—-) (B) and at m/z

584.5966 (2-) (C) corresponding to amino acid-lacking monosulfated and disulfated linkage region
hexasaccharides, respectively. D-F, MS? spectra at m/z 588.1340 (2-) (D), at m/z 616.6448 (2-) (E),
and at m/z 623.6524 (2—) (E) corresponding to monosulfated linkage region hexasaccharides with Ser
(S), Gly-Ser (GS), and Ser-Ala (SA) residues, respectively. G-I, MS? spectra at m/z 628.1121 (2-)
(G), at m/z 656.6230 (2-) (H), and at m/z 663.6310 (2—) (/) corresponding to disulfated linkage region
hexasaccharides with Ser, Gly-Ser, and Ser-Ala residues, respectively. J-L, MS? spectra at m/z
733.6813 (2-) (J), at m/z 762.1917 (2-) (K), and at m/z 769.1995 (2-) (L) corresponding to

monosialylated and monosulfated linkage region hexasaccharides with Ser, Gly-Ser, and Ser-Ala
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residues, respectively. NCE 70% was applied to all spectra except for the one in (C) where NCE 60%

was applied.
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Figure S12. Linkage region tetrasaccharide variants from INS-1 832/13 cells generated after
chondroitinase AC depolymerization. A,B, MS? spectra at m/z 451.6309 (2-) (A) and at m/z
516.1523 (2-) (B), both at NCE 60%, corresponding to the non-sulfated tetrasaccharide linkage
regions with Glu-Gly-Ser (EGS) and Glu-Glu-Gly-Ser (EEGS) residues, respectively. C,D, MS? spectra
at m/z 491.6093 (2—) at NCE 60% (C) and at m/z 556.1306 (2—) at NCE 70% (D), corresponding to
monosulfated tetrasaccharide linkage regions with Glu-Gly-Ser and Glu-Glu-Gly-Ser residues,
respectively. E, MS? spectrum at m/z 539.6652 (2—) at NCE 70%, corresponding to tetrasaccharide
linkage regions carrying one N-acetylneuraminic acid (Neu5Ac) residue. F—H, MS? spectra at m/z
579.6435 (2-) (F), at m/z 544.1254 (2-) (G), and at m/z 572.6363 (2—-) (G), all at NCE 70%,
corresponding to tetrasaccharide linkage regions carrying one Neu5Ac residue and one sulfate group
with Ser-Ala, Ser, and Gly-Ser residues, respectively.
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MS' at 51.58 min
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Figure S13. Intact CS glycopeptides from INS-1 832/13 cells identified after chondroitinase B
depolymerization. MS' spectrum at 51.58 min displays variants of intact CS L19S8 precursor ions
and charge state distribution after chondroitinase B depolymerization. The only difference from the
spectrum shown in Fig. 5A is the presence of the precursor ion at m/z 1386.42 (3-) corresponding to
the dp15S8 NRE oligosaccharide. The spectrum is displayed at the peak maximum of the precursor
ion at m/z 1154.29 (4-).
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