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Supplementary Methods

Preparation and characterization of EV isolate. The EV isolate was prepared from ~2.5 mL of
platelet-free anticoagulated with EDTA pooled human blood plasma (from blood donated by
healthy male donors of 23-67 years old) using ultracentrifugation and differential centrifugation,
as described in previously published work *. The purity of the EV isolate was > 90-95%, based on
a combination of EV counting, using tunable resistive pulse sensing (TRPS), nanoparticle tracking
analysis (NTA) or nano-flow cytometry, and protein concentration measurements, using UV-
spectrophotometry, fluorescence, and BCA assay 2. The validation of the purity of the EV isolate
was performed as described in our previous work 3.

Data analysis. For data acquisition and processing, Xcalibur™ (v. 2.8) software was used. CZE-
MS data were processed with GlycReSoft (v. 3.10) software (Boston University, Boston, MA,
USA) 4. Analyses of CZE-MS? data were performed with SimGlycan (v. 5.91) software (Premier
Biosoft, Palo Alto, CA, USA). The generated results were based on the processing of three
replicate analyses. The glycan composition identification results were mainly based on CZE-MS
data processing using GlycReSoft. As additional verification of the plausible glycan identifications
made using GlycReSoft, several supplementary levels of manual data examination were applied
according to our recent study 3. In brief, this verification included 1. CZE-MS migration patterns
(predictable trends in CE migration based on net charge and hydrodynamic volume, and m/z shifts
governed by monosaccharide mass increments), 2. charge state and isotopic distributions
characteristic to glycan ions, 3. the detection of neutral losses (e.g., GICNAc, hexose, and fucose),
and 4. the manual examination of CZE-MS? data for low intensity parent ions identified using
GlycReSoft to confirm if the MS? spectral patterns were characteristic of glycan fragmentation
even if the MS? spectra did not result in positive identifications using SimGlycan.

In GlycReSoft, a mass matching error tolerance of 20 ppm was used in all searches. A background
reduction factor of 5 was selected to remove the low abundance signal in MS? scans. Different
charge states (up to 4) and ammonium and sodium adducts were included in the search to eliminate
redundant identifications, so that only one single glycan composition was provided for a glycan
species that could be ionized at different charge states or associated with adduct ions. Only glycan
compositions provided with a score >8 were selected according to the recommendations of the
program developers and manual validation. The glycan identification analysis of the CZE-MS data
was conducted using database searches against human and mammalian databases of N-glycans
provided with the software package.

For CZE-MS? processing with SimGlycan, a 20 ppm precursor mass tolerance and a 10 ppm
fragment mass tolerance were used in all searches. Negative ion mode was set, and for adduct
formation, “H, NHs, and Na” were chosen. For the search of non-labeled glycans, the options
“Underivatized” and “Free” were selected in the chemical derivatization and reducing terminal
windows, respectively. The research filters encompassed glycoproteins and N-glycans (intact
core). Only the glycan compositions and structures provided with a proximity score of >60% were
selected. Besides this search engine-assisted annotation, more than 30 MS? spectra that resulted in
positive structural identification (scored above the selected threshold of 60) were analyzed
manually to 1. confirm the structural characterization results provided by the software, 2. identify
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diagnostic ions for the assignment of SiA linkages and antenna branching, and 3. assign the
fragment ions derived from multiple internal fragmentation cleavages.

For data clustering, the observed abundance of each glycan detected in the analyzed sample (IgG,
BSF, RNase B, EV or plasma isolates) was normalized with respect to the summed abundances of
all the glycans detected in the sample. Hierarchical clustering based on the Euclidean distance
measure and the complete linkage algorithm was done using the normalized intensity values after
imputing 10% of minimum intensity for missing values followed by log2 transformation. The R
(version 4.05) packages “pheatmap” (version 1.0.12) and “circlize” (version 0.4.14) were used
respectively to generate linear and circular clustered heatmaps.

The bar charts with individual data points, mean values and error bars were plotted with R
statistical analysis software (version 4.2.2).

Supplementary Note 1

Separation of neutral N-glycans. The hypothesis that the endogenous neutral glycans detected
and separated with our CZE-MS method got mobilized under the applied CZE conditions through
ion-dipole intermolecular interactions with anions present in the BGE, presumably acetate anions,
was supported by the following results and observations:

1- In our CZE-MS conditions where the supplemental CZE pressure is switched off for 18 min
before applying a CZE voltage, the neutral analyte molecules present in the sample plug migrate
toward the inlet at the beginning of the CZE-MS run driven by the EOF and should reach the inlet
in less than 3 min after turning on the voltage, which would make their detection impossible.

2- Experiments performed by applying a continuous pressure of 5 psi over the all duration of the
CZE-MS run resulted in the detection of endogenous neutral glycans, with migration times lower
than the migration time of the neutral marker (acetaminophen) that was used to measure the EOF,
and higher than the migration times of the sialylated glycans.

3- A strong correlation was observed between the CZE migration order of the endogenous neutral
N-glycans and their respective monosaccharide composition, which determines their molecular
mass as well as their hydrodynamic volume.
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Supplementary Figure 1: The effect of experimental conditions on peak areas of selected
complex-type N-glycans in CZE-MS-based profiling of 1gG isolate. CZE-MS analyses (n=3
technical replicates, data are presented as mean values + SD, red dots correspond to individual
data points) of human serum IgG were conducted in two different conditions: 1. conventional mode
of instrument operation (ITT at 110°C); and 2. nitrogen gas enriched with IPA (ITT at 150°C) and
ISCID at 70 eV. Neutral and monosialylated N-glycans (A), and disialylated glycans (B) were
selected as representative examples of the sensitivity improvement.
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Supplementary Figure 2: Improvement of the CZE resolution of N-glycans with a decreased
supplemental pressure (SP). A-C) Extracted ion electropherograms (EIEs) of nine representative
sialylated N-glycans acquired from the CZE-MS analysis of fetuin-derived N-glycans using a SP
of A) 5 psi, B) 2 psi, and C) 0 psi. The SP was applied at the inlet of the CE capillary 18 min after
the beginning of the CZE-MS run. D-E) Migration times (tm) of thirteen selected fetuin-derived
N-glycans as determined with three successive CZE-MS analyses using a SP of A) 5 psi, and B) 0

psi, applied 18 min after the beginning of the CZE-MS run (n=3 technical replicates, data are
presented as mean values + SD).

Supplementary Note 2

To evaluate the repeatability of the developed CZE-MS method, four successive analyses of fetuin-
derived N-glycans were performed the same day on the same capillary, and the migration times
and peak areas of eight selected N-glycans with various degrees of sialylation and fucosylation
were measured (Supplementary Figure 3). The intra-day repeatability of the method was
appropriate for the CZE-based technique, where RSDs were less than 0.7% and 13% for migration
times and peak areas, respectively. An inter-day comparison (three replicates on three different
days on the same capillary) provided RSDs less than 1.0% and 15% for migration times and peak
areas, respectively, for the eight selected N-glycans.
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Supplementary Figure 3: Assessment of the CZE-MS method repeatability with four
successive CZE-MS analyses of fetuin-derived N-glycans. EIEs of eight selected high and low
abundance N-glycans. A) EIEs of four sialylated N-glycans. B) EIEs of two monosialylated and

two neutral N-glycans.
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Supplementary Figure 4. Comparison of label-free and APTS-labeling approaches in the
CZE-MS-based N-glycan profiling of human serum 1gG. Fractional distributions of
fucosylated (A) and sialylated (B) N-glycans detected in the human serum IgG isolate. The label-
free CZE-MS method enables to detect highly fucosylated (=5 fucose residues) and highly
sialylated (>4 SiA residues) glycans that are not detected using the APTS-labeling-based CZE-MS
method 3. As shown in the Venn diagram in panel C, the non-labeling strategy results in the
detection of 93 additional and unique N-glycans that are not detected with APTS labeling. Panels
D-E show the Euclidean-based hierarchical clustering of quantitative profiles of N-glycan detected
in human serum IgG with the APTS-labeling and label-free CZE-MS methods, respectively, using
injected sample amounts equivalent to ~3 nL of serum (NL stands for non-labeled). The glycans
commonly detected using both strategies are shown on panel E. Red, yellow, and light blue colors
correspond to high, medium, and low relative abundances based on the N-glycan signal intensities.
N-glycans that are not detected in the samples are highlighted in dark blue. F, H, N, and S stand
for fucose, hexose, HexNAc, and Neu5Ac, respectively. F) Characteristic examples of in-source
decay fragmentation of APTS-labeled glycans. On the left-hand side is shown in-source
fragmentation of the APTS-labeled disialylated glycan G2FS2, which results in the loss of one
sialic acid residue. No detectable in-source decay fragmentation was observed when the same
disialylated glycan was analyzed in its native non-labeled state, as shown on the right-hand side
of panel F (selected m/z: 935.59 (G2FS2-APTS), 838.56 (G2FS1-APTYS), 1,183.41 (G2FS2), and
1,037.86 (G2FS1), with a mass tolerance of 20 ppm).
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Supplementary Figure 5: Examples of MS? spectra of closely-related glycan species A2G2S2
(A), and FA2G2S2 (B). The MS2-based structural characterization was performed selecting the
[M-2H]% molecular ions at m/z 1,110.38, and 1,183.42, respectively, as precursor ions. Fragment
ions are annotated based on the Domon and Costello nomenclature. Blue square, GIcNAc; red
triangle, Fuc; green circle, Man; yellow circle, Gal; purple diamond, NeuSAc. Symbol Z indicates
cross-ring fragmentation. Only the most intense/relevant fragments are annotated in the shown
spectra.
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OH NHAC

Supplementary Figure 6: In-silico predicted fragmentation cleavages in negative ion mode of
the bi-antennary fucosylated glycan FA2G2S2 with o-2.6-linked sialic acid residues. A)
Glycosidic and glycosidic/glycosidic in-silico predicted fragments. B) Single cross-ring, and
cross-ring/glycosidic in-silico predicted fragments. The ®4Az fragment ion enables the assignment
of a-2.6 SiA linkage.
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Supplementary Figure 7: Examples of the characteristic MS? spectra in negative ion mode of
FA2G2S2 without (A) or with (B) APTS-labeling. Cross-ring and cross-ring/glycosidic fragment
ions are predominant in the mass spectra of non-labeled FA2G2S2, whereas glycosidic and
glycosidic/glycosidic fragment ions dominate the mass spectra of APTS-labeled FA2G2S2.
Symbol Z relates to cross-ring fragmentation. The orange star indicates the APTS label. See
Supplementary Figure 5 for other symbols.
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Supplementary Note 3

For MS? structural characterization of FA2BG2S2, the [M-2H]? molecular ion at m/z 1,284.95
was selected as a precursor ion (Supplementary Figure 8). The presence of one additional
GIcNAC residue was supported by the shift of Ze!" and Ys!" fragment ions, detected at m/z 2,261.79
and 2,279.81, respectively, compared to the non-bisecting fucosylated analog, but also with the
shift of Be> and Ces?" ions, detected at m/z 1,101.38 and 1,110.38, respectively, compared to the
non-bisecting fucosylated and unfucosylated analogs. The bisecting nature of the additional
GIcNACc residue was clearly indicated by the neutral loss of one GIcNAc moiety (221.09 Da) from
the Bs/Y3,! ion (m/z 1182.40), as illustrated by the pair of singly-charged ions at m/z 220.08 and
961.31 °. The mass difference of 206.08 Da between the two pairs of ions 2*A7> (m/z 1,131.39)
and ®2A7% (m/z 1,234.43), and 2*As/Ys! (m/z 1,972.68) and ®?A7/Ys! (m/z 2,178.76) located the
fucose on the chitobiose core. In addition, a-2,6 SiA linkages were documented with the presence
of %4A,-CO2! diagnostic ion at m/z 306.12.
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Supplementary Figure 8: An example of the characteristic MS? spectrum of the bisected N-
glycan FA2BG2S2. The [M-2H]?> molecular ion at m/z 1,284.95 was selected as a precursor ion
for MS2-based structural characterization.

Supplementary Note 4

Neutral N-glycans like FA2G1 (G1F) and FA2G2 (G2F) are known to be present at high
abundance in serum IgG and have been extensively described in the literature 8’. Supplementary
Figure 9B depicts the fragmentation pattern of FA2G2 (Mrw 1,786.65 Da). For this glycan, the
[M-2H]? molecular ion at m/z 892.32 was selected as a precursor ion. The fragment ions C1* (m/z
179.05) and Y3Asl (m/z 424.14), detected at high intensity, enabled us to allocate the galactose

S12



residues at the termini of the antennae. The mass spectra of FA2G2 also exhibited a prominent
24A6/Y 21 (m/z 262.09) fragment ion, corresponding to the cleavage of the chitobiose core. The
MS? spectra of a structurally-related species, FA3G1 (Mrw 1,827.68 Da), were also dominated by
2476 fragment ions, with or without internal fragmentation (Supplementary Figure 9C). The
CZE-MS analyses also allowed us to detect neutral glycans rarely reported in human IgG,
including the tetra-antennary bisecting glycan FA4F1BG1, with one core fucose and one outer
arm fucose (Supplementary Figure 9D).
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Supplementary Figure 9: Examples of characteristic MS? spectra of non-labeled neutral N-
glycans detected in the IgG isolate: A) FA2G1, B) FA2G2, C) FA3G1, and D) FA4F1BG1. For
A) and B), the singly-charged [M-1H]* molecular ions at m/z 1,623.59, and 1,826.67, respectively,
were selected as precursor ions. For B) and D) the doubly-charged [M-2H]? molecular ions at m/z
892.32, and 1,188.93, respectively, were selected as precursor ions. In panel D), the inset is a
zoomed-region of the mass spectrum in the m/z 100-1,000 range.
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Supplementary Figure 10: CZE-MS-based N-glycan profiling of bovine serum fetuin using
injected amounts equivalent to ~5 ng (A, C, E) and ~0.5 ng (B, D, F) of proteins (in total, 401 and
232 N-glycans were identified using 5 ng and 0.5 ng of fetuin, respectively). A-B) Fractions of
fucosylated glycans detected in the BSF isolate. C-D) Fractions of sialylated glycans containing
only NeuSAc monosaccharide. E-F) Fractions of sialylated glycans containing only Neu5Gc
monosaccharide. An injected amount of ~5 ng of proteins results in the detection of extremely low
abundance highly fucosylated (6 Fuc residues) and highly sialylated (>5 SiA residues) glycans in
the BSF isolate. The detected heavily sialylated glycans contain between 7 and 10 SiA residues.
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Supplementary Figure 11: In-silico predicted fragmentation cleavages in negative ion mode
of the tri-antennary glycan A3G3S3 with a branched 3-linked antenna. The diagnostic ions Bs/Z3q,
Bs/Y3,, Caqa and Cap enable the assignment of the 3-branched antenna (i.e., antenna attached to the
carbon 3 of the core mannose).

Supplementary Note 5

For the MS? structural characterization of FA3G3S3, the triply-charged ion at m/z 1,007.35 was
selected as a precursor (Supplementary Figure 12). The diagnostic ions Bs/Z3,'" (m/z 961.31)
and Bs/Y3.! (m/z 979.32) allowed us to allocate the branched 3-linked antenna. Detection of the
fragment Ye/Ye'" at m/z 2,441.86 indicated the presence of one additional fucosyl residue. The
mass difference of 206.08 Da between 2*A7* (m/z 904.97) and %2A7* (m/z 973.66), and 2*A7/Y6>
(m/z 1,212.41) and °?A7/Ye* (m/z 1,315.45) ions confirmed the location of the fucose on the
chitobiose core 8. Other fragments were mostly similar to those obtained from the fragmentation
of the non-fucosylated analog. The a-2,6 NeuSAc diagnostic ion ®4A2-CO2' was also observed in
the mass spectra of the fucosylated glycan. The analyses performed without applying SP over the
whole duration of the CZE run made possible to separate (at resolution 0.6) this highly abundant
fucosylated glycan from a positional isomer A3F1G3S3 with an outer arm fucose
(Supplementary Figure 13). For A3F1G3S3, two pairs of fragment ions with a mass difference
of 60.02 Da, 2*A7* (m/z 953.66) and %2A7* (m/z 973.67), and 2*A7/Ye* (m/z 1,285.45) and
92A7/Y62 (m/z 1,315.46), confirmed the absence of a core fucose, and fragments like Cao/Ys54*
(m/z 745.25) and Cap!" (m/z 835.28) located the fucose on the 3-branched antenna.
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Supplementary Figure 12: An example of MS? sp

ectrum of the fucosylated glycan FA3G3S3.

The [M-3H]® molecular ion at m/z 1,007.35 was selected as a precursor ion. The mass difference

of 206.08 Da between the pair of ions 2*A7* and %2A
the presence of the fucose on the chitobiose core.
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Supplementary Figure 13: An example of separation of fucose isomers is demonstrated for
label-free CZE-MS analysis of N-glycans released from bovine serum fetuin. A) EIEs of the fucose
isomers. B) and C) MS? spectra of the outer arm fucosylated isomer (B) and the core fucosylated
isomer (C). The shift of the 2*A7> and 2*A7/Ys> ions in the mass spectrum of FA3G3S3 confirms
the location of the fucose on the chitobiose core.

Supplementary Note 6

The second most abundant N-glycan detected in bovine fetuin was the tetrasialylated tri-antennary
glycan A3G3S4 (Mrw 3,170.11 Da). The structural characterization of this glycan was based on
the triply-charged precursor ion at m/z 1,055.69 (Supplementary Figure 14AB). B1* (m/z 290.09)
ions were detected at high abundance. The diagnostic ions Bs/Zs,* (m/z 961.31) and Bs/Y3,'" (m/z
979.32) allowed us to assign a branched 3-linked antenna. The fragment ion at m/z 745.25,
corresponding in this case to Cad/Ys.?, was detected with a higher abundance (~3-fold) than the
Capl ion at m/z 835.28, and confirmed a branched 3-linked antenna with three sialylated residues.
A mass difference of 60.02 Da between the two pairs of ions 2*A7/Ys> (m/z 904.97) and ®?A7/Ye>
(m/z 924.98), and >*Ar/YelY6? (m/z 1,212.41) and %2A7/Ys/Ye*> (Mm/z 1,242.42) was indicative of
the absence of a core fucose. The presence of a-2,6 SiA linkages was confirmed by the detection
of %4A2-CO2t (m/z 306.12), 3°Xs/Z6% (m/z 1,246.93) and 13Xs/Z6> (m/z 1,253.93) ions. The
fucosylated analog FA3G3S4 was also detected in the fetuin isolate at low abundance levels. The
shift of the fragments ®2A7/Y¢> and %2A7/Ye/Y s> at m/z 973.66 and 1,315.45, respectively, allowed
the unambiguous assignment of the core fucose (Supplementary Figure 14C). Other
tetrasialylated glycans were detected by MS?, e.g., the tetra-antennary oligosaccharide A4G4S4
(Mrth 3,535.24 Da) (Supplementary Figure 15). Selecting the triply-charged precursor ion at m/z
1,177.74, the structure of A4G4S4 could be fully characterized. B:i!™ (m/z 290.09) ions were
detected at high abundance, and the loss of one GIcNACc residue from the non-labeled reducing
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end was detected with the glycosidic fragment Z1!- (m/z 202.07). The fragmentation spectra of
AA4G4S4 exhibited a high number of glycosidic and glycosidic/glycosidic fragments like Y¢* (m/z

1,080.37), Z6* (m/z 1,074.37), Y4/Y4%* (m/z 1,110.39), and Ys/Ys> (Mm/z 1,475.51) ions. In addition,

a-2,6 SiA linkages were confirmed by the presence of ®4A2-CO2'" ion.

Precursor ion [M-3H]?- at m/z 1055.69

l  Cross-ring fragmentation I
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Supplementary Figure 14: Examples of characteristic MS? spectra of A3G3S4 (A-B) and its
fucosylated analog FA3G3S4 (C) acquired in negative ion mode. The panels A) and B) show the
same mass spectrum at different signal intensity and m/z ranges. The [M-3H]* molecular ions at
m/z 1,055.69, and 1,104.38, respectively, were selected as precursor ions. In panel C) the shift of
the fragments ®2A7/Y6> and ®2A7/Ys/Y6? enables the unambiguous assignment of the core fucose.

S20



’,—1 Cross-ring fragmentation

Absolute intensity: 6.8E6

©
5
<
)
o ~ F
No L
s Ufo
1= o
® [®
k./l 3
N
TIPSR 13 = 5 -+
T ohemmmen oy = ow
[e) o ..x\...../\!\\m
A8 R ) R
kS < I x O "===-g Sl o
oty TE
Aee B ___ 584
= 3
) «© E
QO o Qetsg
cnNE®
* N
©
Shitsg
© e
© > by ‘m
5% P
839 a5, B 3
e gd ,F b c~_F
] ) LS
g & o ‘. 18
57 ©
wE L o O ~> N o~
i & FEEVQ s T 3Tt
w3 -] P W 0O - o 3N
s £ s b e T et o s o E
T i = <« - R [=}
4 e ) @ -3
Fe
R R R AR RN N AR AR RN AR RS E RNt RN As LARE S CARRS LR LN RARRNRARRARARSS RARRN LRERSRARANCRARYI
o el o w o w o w o el o ) =3 w o w o w = w o
=3 o =] @ @ ~ ~ © © w w - - « © o~ o~ - -

Ajisuaiul anile|ay

Absolute intensity: 8.3E5

1

1450

T

1400

T

| o i e

T

1300

LS8 o 0 i 3 v

1100

Y

+

T

S > - = =
N == o
. N
% P -
ST s .-eR3
e el upetEarTe
E A e st e
N T R e R 3
g B adee o 3 g
) A JJ d s
Ny < X g o 2
« R N
© N = - ER
Z > g
3 o
e LS i
s n A
e <N
R . .----- g
. ™
JgJ Ja <
T o o e s e e
A.,.X W mmmmmmmmmmm—m=— o
N s |
b
2 T EEsaimo e E
7, S
(34
N ~mmemmscces - ——-—-—
>

LUALLLY RLAAN L) LAY LRALS LAREY (LS RALLY RARLS AARRS IRES AALE
VO WO W o W o v o
©C 0 o o © ®

w0
~N K~ © © 0!

Ayisuajul aA1le|9Y

LI e e o

T
950

T

T

1500

1350

1200 1250

1150

1050

1000

700 750 800 850 900

650

An example of MS? spectrum of the tetra-antennary tetrasialylated N-

glycan A4G4S4. The panels A) and B) show the same mass spectrum at different signal intensity

and m/z ranges. The [M-3H]* molecular

Supplementary Figure 15
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Supplementary Figure 16: Examples of characteristic MS? spectra in negative ion mode of the
fucosylated pentasialylated N-glycan FA3G3S5 and the hexasialylated N-glycan A3G3S6. For
MS?2-based structural characterization the [M-3H]** molecular ions at m/z 1,201.41, and 1,249.76,
respectively, were selected as precursor ions.
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Supplementary Figure 17: Impact of the level of sialylation on the electrophoretic migration of
sialylated N-glycans. EIEs of six representative sialylated N-glycans acquired in the label-free
CZE-MS analysis of fetuin-derived N-glycans. A strong correlation is shown between the
migration time shift and each incrementation of one additional SiA residue.
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Supplementary Figure 18: Label-free CZE-MS analyses of heavily sialylated N-glycans
released from the bovine serum fetuin isolate. EIEs of four heavily sialylated N-glycans containing
only Neu5Ac residues (A) and EIEs of three heavily sialylated N-glycans containing NeuSAc
residues and one Neu5Gc residue (B). The migration of these sialylated glycans is governed by
the level of sialylation. Purple diamond, Neu5Ac; light blue diamond, Neu5Gc.

Supplementary Note 7

Supplementary Figure 19CD shows a characteristic MS? spectrum of the glycan carrying nine
Neu5Ac residues, detected at high abundance in the fetuin isolate. The structural characterization
of this nonasialylated glycan was based on the quintuply-charged precursor ion at m/z 1,263.23.
The highest intensity fragment ion was the fragment Bil (m/z 290.09). The fragment ions
Ye/Ye/Ye> (Mm/z 1,088.58), Ye/Ye/Ye/Ye* (Mm/z 1,288.20), and Ye/Ye/Ye/Ye/Y6> (M/z 1,620.90)
derived from multiple internal fragmentation cleavages were also detected at high abundance, and
corresponded to the loss of 3, 4, and 5 Neu5Ac residues, respectively. A mass difference of 60.02
Da between the two pairs of ions 2*As/Ye/Ys/Ye/YalYalYs> (m/z 904.97) and
02As/Y6/Ys/Ye/YalYalYs> (M/z 924.98), and >*As/Ye/Ys/Ye/YalYal/YalYe? (M/z 1,212.41) and
02A8/Y6/Ys/YelYalYalYalY6? (M/z 1,242.42) was indicative of the absence of a core fucose.
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Supplementary Figure 19: Examples of characteristic MS? spectra in negative ion mode of
heavily sialylated N-glycans containing solely Neu5Ac residues. Putative structures were
proposed based on the fragmentation patterns of these large size glycans. The panels C) and D)
show the same mass spectrum at different signal intensity and m/z ranges. For MS?-based structural
characterization the quintuply-charged molecular ions at m/z 1,146.79 (A), 1,205.01 (B), and
1,263.23 (C-D), respectively, were selected as precursor ions. Panel D) shows the typical mass
difference of 60.02 Da between the two pairs of ions 2*As/Ye/Ys/Ye/YalY4slYs> and
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02As/Y6lYsIYelYalYalYs>, and >*As/Ye/Ys/Ye/YalYalYalY6? and “2As/YelYs/Y6lYaIYaIY4lY 6%,
indicative of the absence of a core fucose. Purple diamond, Neu5Ac; light blue diamond, Neu5Gc.
The red cross symbol relates to the loss of the selected monosaccharide.

Supplementary Note 8

The disialylated glycan A2G2S2 was detected as a set of three different glycans terminated with
either two Neu5Ac, or two Neu5Gc, or both NeuSAc and Neu5Gc. The glycan terminated with
two Neu5Ac residues (Mrw 2,222.78 Da), the most abundant one among the three types of detected
A2G2S2, was structurally characterized by selecting the precursor ion at m/z 1,110.38
(Supplementary Figure 20A). The fragmentation pattern of this glycan containing only NeuSAc
was similar to that described in the previous section. Therefore, the series of fragment ions B1*
(m/z 290.09), Bs!" (m/z 655.22), C4'" (m/z 835.28), B6*> (m/z 999.84), Ce> (m/z 1,008.84), Zs'" (m/z
1,912.66), Ye* (m/z 1,930.67), >*A7* (m/z 1,029.85), “2As* (m/z 1,059.86), 2*As/Ye: (m/z
1,769.61), and %2A7/Ye> (m/z 1,829.63) were detected. Additionally, the detection of %4A2-CO2
ion at m/z 306.12 reflected the presence of a-2,6-linked NeuSAc. The A2G2S2 glycan terminated
with one NeuSAc and one Neu5Gc residues (Mrin 2,238.78 Da), less abundant, was structurally
characterized by selecting the [M-2H]*> molecular ion at m/z 1,118.38 (Supplementary Figure
20B). Two highly abundant B1!" fragment ions were detected at m/z 290.09 and 306.08 (this latter
ion being unequivocally distinguished from the diagnostic ion at m/z 306.12 using high resolution
and high mass accuracy measurements), and corresponded to the loss of NeuSAc and Neu5Gc,
respectively. The fragment ions that allowed us to allocate one Neu5Ac residue on one antenna
(e.g., Zs and Ys) were similar to those described above. The presence of Neu5Gc on the other
antenna was confirmed by the shift of Bs'", C4*", Bes*, Ce%, Z6'", and Ys'" fragment ions detected at
m/z 671.21, 851.28, 1,007.84, 1,016.84, 1,928.66, and 1,946.67, respectively. A similar shift was
observed with the cross-ring fragments 24A7%, %2A:%, 24A7/Ys! and %?As/Ye", detected at m/z
1,037.84, 1,067.85, 1,785.60, and 1,845.62, respectively. A singly-charged diagnostic ion %4A;-
CO2 was detected at m/z 322.12, revealing that the Neu5Gc sialic acid was a-2,6-linked °. The a-
2,6 NeuSAc diagnostic ion at m/z 306.12 was not detected, but this ion could overlap with the
highly abundant B1! ion at m/z 306.08. The A2G2S2 glycan terminated with two Neu5Gc residues
(Mrw 2,254.77 Da), detected at very low abundance, was characterized based on the fragmentation
of the [M-2H]% molecular ion at m/z 1,126.38 (Supplementary Figure 20C). The B1!" fragment
detected at m/z 306.08 corresponded to the loss of the Neu5Gc residues. A shift of the glycosidic
fragments Be® and Cs>, and the cross-ring fragments 24A7> and “2A+%, detected at m/z 1,015.83,
1,024.84, 1,045.84, and 1,075.85, respectively, could be observed, in accordance with one
additional Neu5Gc. The fragment ion ®4A>-CO2'" at m/z 322.12, diagnostic of an a-2,6 Neu5Gc
linkage, was not detected in this case, possibly due to its very low abundance.
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Supplementary Figure 20: Examples of characteristic MS? spectra of the disialylated N-glycan
A2G2S2 containing two Neu5Ac residues (A), one NeuS5Ac and one Neu5Gc residues (B), and
two Neu5Gc residues (C). The [M-2H]*> molecular ions at 1,110.38, 1,118.38, and 1,126.88,
respectively, were selected as precursor ions. Purple diamond, Neu5Ac; light blue diamond,

Neu5Gc.

S29



Absolute intensity: 3.2E5

290.09
A) 100 21
95 " 7 SiA residues including one Neu5Gc
90- /!
e . ‘;K Mol. Mass: 5755.01 Da
/! I\ . 5
e ¥ *0 Precursor ion [M-5H]* at m/z 1149.99
| Yy
757 e C I o
X
X
*
z o
g i
g : . V\
.d_>J ,’l H:—(}—Y \’ —
= ! / O
2 h Xo
| Xom
; Xce
124293 |
q =2 | Ys/vslvs
3 1288.70 4
257 \ / O—O
i s [M-5H]>| & :
© o208 O®Q eom N ;
157 z=? 13p_ /Y B 92498 408914 z
3 .5/ . o z=3 gy 162157
10 364.12) ! 1 z=3
4 182,09 L { 121292 13::;8 21;51‘75 2377.86
1 2= 424._:5 65522 808.60 l¢=2 1567.89 | 1703.60 1843.65 195568 z=1 2560.50 2897.51
oty A i L C T | I A z=? = = a2 N (| z=? z=?
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
mz
Absolute intensity: 7.4E4
290.09
z=1
.
>0 . . . .
B, % h 8 SiA residues including one Neu5Gc
Il 4 /
/e \ Mol. Mass: 6046.10 Da
/ * 00
/! bua . 5
K x:—I / Precursor ion [M-5H]5 at m/z 1208.21
Y,
xo")
oo
Yo/Ye/Ys
5 '
@
c
9 Y >
2 % e
é Xo I > Y\
z B, \ e
- ' *~—0— \ Y/
& i o :0 mE e \
! x_b_{ / v /\ L]
i / © /
il * / Xo /
1 ) & «\\. /
: oRT ey -
' H —
E 1 Yo/Ye/YelYs
202 o708 | ) IR \ Yo/Ye/YelYs
4 : e | %, &ooa |3 \ by
3 \ 109258 | | ! X 7
BJ/Ys 0g63d 75 | W oo
' o \ 162157 :
: =N 121241 1308 41 =y B
655-32 910.64 V| z=21 z= 171791 191213 203646 =1
A I RO o S S S A ——
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

mwz

S30



128295 1621.57
100 z=4 10 2=3

/ \ / \ Teee
162223
C) 1230 45 Am = 15.99 Da 120820 k' Am =15.99 Da

=4 128895 120270 || &
2=4 z=4

1626.56
z=3

1202 45 162089
2=3

1621.23( [ "z=3
=5 5 1627 22

1627.89
2=3

25 = 1293.69 25 1622.55
- 2=3

0 A LoV - - .
1287 1288 1289 1290 1291 1202 1204 1295 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629
miz miz

Absolute intensity: 1.2E4

290.09
D 100+
) 957

z=1 -
905

o 4

[P |

X

Xonh 9 SiA residues including one Neu5Gc
\ Mol. Mass: 6337.20 Da

Precursor ion [M-5H]> at m/z 1266.43

x 1

*

85

80~

L
[
"
4 i
e
]
"

e

.0

x x x|

' . < l<
L
x X

705

o YalYe/Yo/Y,

V4

ﬁql:;;‘/l

o o
5 2
JunTu
o

-

» X

o
=]
1T

B,

Relative intensity
*

~
o

1
<

Qe

1r ]
Ly

: X

1243.03 g

= H Xo ™/
X

[M-5H]"

Yo/YolYe L |l

x x
]

Moo W W
S & & o
I AT (AT T

|
|

i
306.08
=

Yo/ Yol Yo/ Yo/ Ys
. .

o

104

. 118239}
21025 \ =7 A\ | 135472 :
16480 || 352 grags 70363 92531 mifa” v 162189 1748.70 4g89 g5 223898
59 z=7 =7 9 = z=? : ' =? z=?
eI | AL
bbby i

z=7 2=
0 Y
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
miz

2542.03
=2

T il e 1
2600 2800 3000

Supplementary Figure 21: Examples of characteristic MS? spectra in negative ion mode of
heavily sialylated N-glycans containing several Neu5Ac residues and one Neu5Gc residue.
Putative structures were proposed based on the fragmentation patterns of these large size glycans.
For MS?-based structural characterization of these sialylated N-glycans the quintuply-charged
molecular ions at m/z 1,149.99 (A), 1,208.21 (B), and 1,266.43 (D), respectively, were selected as
precursor ions. The panel C) is a zoom of panel B) in the m/z 1,287-1,295 and m/z 1,620-1,629
ranges to show the characteristic mass shift of 15.99 Da between the isotopic distributions of
closely-related fragment ions, which differ only by one oxygen atom due to the presence of one
Neu5Gc residue. Purple diamond, Neu5Ac; light blue diamond, Neu5Gc. The red cross symbol
relates to the loss of the selected monosaccharide.
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Supplementary Figure 22: Characteristic MS? spectra of the monosialylated N-glycan A2G2S1
and the difucosylated N-glycan FA2F1G2. The doubly-charged molecular ions at m/z 964.84, and

965.33, respectively, were selected as precursor ions.
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Supplementary Figure 23: An example of separation of N-glycans with similar mass is
demonstrated for label-free CZE-MS analysis of N-glycans released from bovine serum fetuin. A)
EIEs of A2G2S1 and FA2F1G2 (at m/z 964.8360 + 0.0019 and m/z 965.3462 + 0.0019 (i.e., + 2
ppm), respectively), the molecular mass of which differs by ~1.02 Da. B) and C) Mass spectra
integrated across the separated peaks shown in panel A). The neutral difucosylated glycan migrates
later than the monosialylated glycan (see Supplementary Figure 22 for the fragmentation patterns

of these glycans).
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Supplementary Figure 24: CZE-MS-based separation of A2BG2S2 sialic acid linkage isomers
released from the BSF isolate. A) EIE of A2BG2S2 glycan. B) and C) MS? spectra of a-2-6- and
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a-2-3-linked sialic acid isomers, respectively, showing the presence or absence of the a-2-6 linkage
diagnostic ion ®4A>-CO>" at m/z 306.12.

Supplementary Note 9

The developed CZE-MS? technique made possible the detection and characterization of neutral N-
glycans in the fetuin isolate, e.g., the bi-antennary fucosylated glycans FA2G2 (see
Supplementary Figure 9B) and FA2G3. Supplementary Figure 25 depicts the fragmentation
pattern of FA2G3 (Mrwn 1,948.70 Da). For this glycan, the [M-2H]> molecular ion at m/z 973.34
was selected as a precursor ion. The diagnostic ion Bs/Zs'" (m/z 670.22), detected at high
abundance, confirmed the composition of the 6-linked antenna, and its internal fragmentation
yielded the predominant Bs/Zs/Y ' (m/z 305.08) fragment ion.
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Supplementary Figure 25: Example of characteristic MS? spectrum of FA2G3. The doubly-
charged molecular ion at m/z 973.33 was selected as precursor ion.
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Supplementary Note 10

For the structural characterization of Man13, the [M-2H]*> molecular ion at m/z 1,264.42 was
selected as a precursor ion (Supplementary Figure 26). The highest intensity fragment ions
detected in the mass spectra of Man13 were the C:Y" (m/z 179.05) and B2! (m/z 323.09) ions,
corresponding to the loss of one and two hexose residues from the non-reducing end, respectively
1% The ion 2*A7/Y3! (m/z 869.26) was also detected at high abundance and indicated a cross-ring
cleavage of one GIcNAc residue of the chitobiose core. Other fragment ions were supportive of a
branched oligomannosy! structure, e.g., Ca'~ (m/z 503.15) and C7/Y3* (m/z 1031.31) ions.
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Supplementary Figure 26: Example of characteristic MS? spectrum of Man13. The doubly-
charged molecular ion at m/z 1,264.42 was selected as precursor ion.
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Supplementary Figure 27: Comparison of label-free and APTS-labeling approaches in the
CZE-MS-based N-glycan profiling of human plasma EVs. Euclidean-based hierarchical
clustering of quantitative profiles of N-glycan detected in human plasma EVs with the APTS-
labeling and label-free CZE-MS methods using injected sample amounts equivalent to ~340 nL
and ~185 nL of human plasma, respectively (NL stands for non-labeled). The glycans commonly
detected using both strategies are shown on the right panel. Red, yellow, and light blue colors
correspond to high, medium, and low relative abundances based on the N-glycan signal intensities.
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