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Figure S1 — MALDI-TOF-MS spectra of S. haematobium GSL derived, N-linked and O-linked glycans

S. haematobium (glyco-)lipids were treated with rEGCase Il to release GSL glycans (A) while N-glycans were released from S. haematobium glycoproteins
using PNGase F (B). Enzymatically released glycans were labeled with AA and analyzed using MALDI-TOF-MS. GSL glycan and N-glycan spectra were
acquired in negative-ion reflectron mode. All signals are labeled with monoisotopic masses (m/z, [M-HJ]"). Signal intensities in % are indicated on the Y-axis.

Biological duplicates were generated for GSL and N-linked glycans of S. haematobium cercariae, adult worms and eggs (A-B).

O-glycans were released from S. haematobium glycoproteins by [-elimination and permethylated prior to MALDI-TOF-MS analysis (C). Spectra were
recorded in positive-ion reflectron mode and monoisotopic masses of measured signals are indicated ([M+Na]*). Signal intensities in % are indicated on the

Y-axis. Technical duplicates were generated.

Glycan class and parasite life-stage from which glycans were extracted are indicated at the top of each panel:. cercariae, adult worms or eggs. Known non-

glycan signals are labeled with the # symbol. Raw MALDI-TOF-MS data for all spectra can be found in Supplementary Data 1.
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(B - 3) S. haematobium N-glycans — eggs
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Figure S2 — Structural characterization of S. haematobium and S. mansoni GSL glycans

GSL glycans were released from their lipid carriers using rEGCase |l prior to AA-labeling.

Glycan sequencing AA-labeled GSL glycans of S. haematobium cercariae (A), adult worms (B), eggs (C) and of S. mansoni eggs (acidic fraction only, E)

were subjected to hydrofluoric acid (HF) treatment and/or to digestion with exoglycosidase(s). Enzymes were either applied simultaneously to the glycan
sample, as a cocktail, or separately ("Sequential®) as indicated. Reactions were performed in the conditions detailed in Supplementary Data 1 and in the
Methods section. Treated samples and controls were then analyzed using MALDI-TOF-MS. All spectra were acquired in negative-ion reflectron mode and
signals are labeled with monoisotopic masses (m/z, [M-H]). Signal intensities in percentages are indicated on the Y-axis. Sample type (untreated control or
treated sample), parasite species (S. haematobium or S. mansoni) and life-stage (cercariae, adult worms or eggs) are indicated at the top of each panel.
Blue arrows highlight products resulting from the aforementioned treatments. Contaminants introduced by the preparation and known non-glycan signals are

labeled with the # symbol. lons for which composition and structure were not determined are labeled ND.

MALDI-TOF-MS of GSL glycans derived from S. haematobium immature and mature eggs (D), separated by Percoll gradient centrifugation as described in

the Methods section.

All (putative) glycans are represented using the CFG nomenclature below.

Galactose (Gal)

N-acetylgalactosamine (GalNAc)

Fucose (Fuc)
Glucose (Glc)

N-acetylglucosamine (GIcNAc)

OPHROP[O

Glucuronic acid (GIcA)
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(B) S. haematobium adult worms — glycan sequencing
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(C) S. haematobium eggs — glycan sequencing
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Figure S3 — MALDI-TOF-MS/MS of S. haematobium and S. mansoni GSL glycans

GSL glycans were released from their lipid carriers using rEGCase |l prior to AA-labeling. MALDI-TOF-MS/MS was performed on selected ion species of the GSL glycans of S. haematobium cercariae (A), adult

worms (B), eggs (C) and of S. mansoni eggs (acidic fraction only, D). Theoretical masses (Th. m/z, [M-H]) of fragmented parent ions are indicated on the upper left corner of each panel. Y-type fragment-ions,

as defined by Domon and Costello (https://doi.org/10.1007/BF01049915) are represented, unless indicated otherwise (B = B type, C = C type, Z = Z type). Diagnostic ions and/or fragmentation patterns

indicative of glycan traits of interest are listed in the Table below together with the corresponding panels in which they are observed. All (putative) glycans are represented using the CFG nomenclature (see

inset below). Note that based on glycan sequencing using exoglycosidases (Figure S2), we identified instances where the HexNAc preceding the GIcA residue could be either GIcNAc or GalNAc

(Supplementary Data 2). The GalNAc-containing isomer is represented in panels C-D.

Diagnostic ion m/z

Monosaccharide nomenclature

O

40 H 0>

Galactose (Gal)
N-acetylgalactosamine (GalNAc)
Fucose (Fuc)

Glucose (Glc)
N-acetylglucosamine (GIcNAC)
Glucuronic acid (GIcA)

GIcNAc or GalNAc

Fragment ion nomenclature

—1 B-type

=] C-type

sTFel Y-type

7114 Z-type

Identified glycan trait . Present in Panel
gy (theoretical m/z) or Am
S. haematobium cercariae A
Trihexosyl GSL core OO @—*A Yo Hp-AA (m/z 462.16) S. haematobium adult worms B
S. haematobium eggs C
Disaccharidic GSL core D_._B4 5 AA Y,-H;N,-AA (m/z 503.19) S. mansoni eggs D
R S. haematobium cercariae A
B4 B4 =

LeX Ia3 Am = 511.19 (RN F4) S. haematobium adult worms B
_ S. haematobium cercariae A
DF pp>n Am_— 29212 (F,) S. haematobium adult worms B

Am = 495.20 (N,F,) )
S. mansoni eggs D

a2 a2 a3 Am = 438.174(F,) . .
> PR 3

TF Am = 641.253 (N, F.) S. haematobium cercariae A
Terminal HexNAc and & R Am = 203.08 (N,) S. haematobium eggs C
subterminal GIcA b4~ B followed by Am = 176.03 (A,) S. mansoni eggs D

Subterminal GIcA in a chain of 5 1R B, s-N, A, (m/z 581.18; 784.26; .
1 to 4 unsubstituted HexNAC 5% il My 987.34:1190.42) S. haematobium eggs ¢
Fuc in proximiy with frihexosy ﬁ }IB“ a3 B4 Yo-H,N,F,-AA (m/z 1322.49) S. haematobium eggs C
F-LDN-F in proximity with BY-N,A,F, (m/z 873.30) S mansoni 6aas D

subterminal GIcA C-N,A.F, (m/z 1165.42) ' 99

DF and DF-LDN-DF in proximity B-NoAF, (m/z 873.30) .

with subterminal GlcA BY-N,AF, (m/z 1165.42) S. mansoni eggs D
C-N,AF, (m/z 1386.51)

Branched Galactose CYaNoH, (m/z 747.27) S. haematobium cercariae A
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(B) S. haematobium adult worms
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Figure S4 — UHPLC and MS analysis of S. haematobium GSL glycans

S. haematobium GSL glycans were released from their lipid carriers using rEGCase |l prior to AA-labeling. Egg GSL glycans were treated with HF, [3-
hexNAcase and [3-glucuronidase to digest the structures to their trihexosyl core in the conditions detailed in Figure 2 and in the Methods section. The
obtained pool (S0) was further digested using a panel of exoglycosidases (Figure 2) and the resulting digestions were analyzed by UHPLC along with
SO untreated control. Fluorescence (A) and MS data (B) were recorded. Masses were obtained from a QDa mass detector set in positive mode (m/z,

[M-H]*). Signal intensities in percentages are indicated on the Y-axis. Blue arrows highlight products resulting from the aforementioned digestions.

Glycans are represented using the CFG nomenclature.

Monosaccharide nomenclature
(O Galactose (Gal)

N-acetylgalactosamine (GalNAc)

Fucose (Fuc)
Glucose (Glc)

N-acetylglucosamine (GIcNAc)




(A) UHPLC analysis of exoglycosidase digestions
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Figure S5 — PGC-nano-LC-MS and MS/MS of S. haematobium and S. mansoni GSL glycans

GSL glycans were released from their lipid carriers using rEGCase |l. Upon purification, acidic and neutral fraction were separated. In specified cases released glycans were treated with HF and/or
subjected to exoglycosidase digestions, as detailed in the Methods section. Native glycans and resulting treatment products were all reduced and cleaned using sequential C18 and PGC SPE prior to

analysis using PGC-nano-LC-MS.

PGC-nano-LC-MS analysis of ion with m/z 505.18 (A) in the neutral GSL glycans of S. haematobium eggs either native or treated with HF and B-HexNAcase. Extracted ion chromatogram of m/z

505.18 is shown and elution patterns are compared to those of globotriose (Gb3, Gala1-4GalB1-4Glc) and isoglobotriose (iGb3, Gala1-3Galf31-4Glc) standards.

PGC-nano-LC-MS/MS analysis of selected GSL glycans (B-F) of S. haematobium worms (B), eggs (C-D) and of S. mansoni (E-F) eggs. Monoisotopic mass (Monoiso. m/z), charge state (Charge),
theoretical (Th.) and observed (Exp.) ion m/z, the mass deviation between the theoretical and experimental m/z as well as the retention time (RT) of the fragmented ions are indicated on the top of each

panel. All spectra were acquired in negative-ion reflectron mode and signals are labeled with monoisotopic masses (m/z)..

Note that based on glycan sequencing using exoglycosidases (Figure S2), we identified instances where the HexNAc preceding the GIcA residue could be either GIcCNAc or GalNAc (Supplementary Data

2). The GalNAc-containing isomer is represented in panels C and E.

All glycans are represented using the CFG nomenclature and ion types are represented using the GlycoWorkBench symbols (see inset below), which follow the nomenclature of fragments of
carbohydrates as defined by Domon and Costello (https://doi.org/10.100//BF01049915).

Diagnostic ions and/or fragmentation patterns indicative of glycan traits of interest are listed in the Table A next page, together with the corresponding panels in which they are observed. A summary of all

ion species analyzed by PGC-nano-LC-MS is provided in Table B.

Monosaccharide nomenclature Fragment ion nomenclature
(O Galactose (Gal) 5 Beaype
N-acetylgalactosamine (GalNAc)

7 C-type
A Fucose (Fuc)
@ Gilucose (Glc) % Y-type
. N-acetylglucosamine (GIcNAc) 5 Z-type
4 Glucuronic acid (GIcA) -

24A-type (cross-ring fragment

W GlcNAc or GalNAc ype ( g frag )

o] @]

02A-type (cross-ring fragment)
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Table A Highlighted diagnostic ions and fragmentation patterns

Diagnostic ion m/z

Identified glycan trait (theoretical m/z) or Am Present in Panel
S. haematobium worms
. , Y;-H, (m/z 505.18 : .
Trihexosyl GSL core O05® Zz-H: Em 7 487 17; S. haematobr/]LgZ}treag?gs - acidic & A-D
Disaccharide GSL core D&.B—Q 7 -H,N, (m/z 366.14) S. mansoni eggs - acidic E-F
. _ Am =176.03 (A,) .
Terminal GIcA BI_IB4. s R Y -H,N, (m/z 911.33) S. haematobium adult worms B
. . 1 Am = 203.08 (N,) followed by Am = 176.03 (A,) S. haematobium eggs - acidic C
Terminal HexNAc and subterminal GlcA Ba” B " B,-N,A, (m/z 378.10) and C,-N,A, (m/z 396.11) S. mansoni eggs - acidic E-F
Subterminal GIcA in a chain of 5 IR B;s-No.sA, (m/z 581.18; 784.26; 987.34;1190.42) . iy
1 to 4 unsubstituted HexNAc pa¥p paips M M) C.rNy A, (m/z 802.27; 1005.35; 1208.43; 1411.51) >- haematobium eggs - acidic C
Fuc in proximity with trihexosyl core [IG%TI‘%? a3~ B4 Z.-HN,F. (m/z 1039.38) and Y-H,N,F, (m/z 1057.39) > haemat"bé‘gtgﬁgs acidic & C-D
Y-H,N,F, (m/z 1203.45)
Fuc and F-LDN-F in proximity with B4 p TpampaR C.Y¢s-N,AF, (Mm/z2542.17 ) and C;-N,AF, (m/z745.25) : iy
subterminal GIcA TOB I“B C,-N,AF, (m/z 1094.39) S. mansoni eggs - acidic 3
DF "Q’OER C,-F,(m/z309.11) S. mansoni eggs - acidic F
B.Z. .-N.A,F, (m/z652.20; C,Y, o-N,AF,(m/z 688.23)
DF-LDN-DF in proximity with subterminal B.Y, -N,AF, (m/z 873.30) . iy
GlcA C,-N,A.F, (m/z 1165.42) S. mansoni eggs - acidic -
B,-N,A,F, (m/z 1368.50 and C,-N,A,F, (m/z 1386.50)
F-LDN pimg R B.-N,F, (m/z 348.13) and . ]
2 Z,-HyN, (m/z 690.25) and Y,-H,N, (m/z 708.26) S. haematobium eggs - neutral D
R B,-N,F. (m/z 551.21) and . D
_ B4 B 2Nl _
LDN-F a3 Z,-H.N.F. (m/z 836.30) and Y,-H,N.F, (m/z 854.31) S. haematobium eggs - neutral
LDN LR C,-N, (m/z 423.16) S. haematobium eggs - neutral D




Table B List of ion species analyzed by PGC-nano-LC-MS (A) Extracted ion chromatogram of m/z 505.18

1 S. haematobium eggs — Neutral GSL glycans
Species Gl Th. m/z PGC-LC-MS % 3 3 Presence of the trihexosyl core in the native sample
Life-stage com y:sai:‘ion Th. m/z MALDI Glycan ID Panel G 27
Acidic/Neutral P [M-H]" [M-H]2 5, e
S. haematobium n.d. (not _1S. haematobium eggs — Neutral GSL glycans
Eggs - Neutral H3 624.21 505.18 detected) i A C;D 3 ] * HF + B-hexNAcase Enrichment in the trihexosyl core due to digestion of larger
5 9 ; structures of composition H;N,_4
3
S. haematobium H3N2A1 1206.41 1087.37 n.d. B1 B £ 1
P ] A A A e A
Worms -Adidie | 3N4A1 1612.56 149353 746.26 B2 B O e e e e e e e e e e
H3N5A1F1 1961.70 1842.66 920.83 C C o g4 > haematobium eggs — Neutral GSL glycans
o ]
X
H3NBA1 2018.72 1899.69 949.34 C2 C g
o <
H3NGF1A1 2164.78 2045.74 1022.37 C3 C ) - L L
{ Gb3 standard (Gala1-4GalB1-4Gl
S. haematobium | H3N7A1 2221.80 2102.77 1050.88 C4 C g g0 e (GelaTAGaRTGl 3
Eggs ol ﬁ
Acidic H3NGA1F2 2310.84 2191.80 1095.40 C5 C c
H3N7A1F1 2368.86 2248.82 1123.91 C6 C 0 )\
34 Mixture of Gb3 standard (Gala1-4Galf1-4Glic) and
H3N7A1F2 2513.92 2394.88 1196.94 C7 C % | iGb3 standard (Gala1-3Galf1-4Gic) y
. 21 ;
H3N7A1F3 2659.98 2540.94 1269.97 C8 C é 1
S _ N
= —
H3N2 1030.35 911.34 455.16 D1 D ; 0 70 0 " = = Tme i
H3N2F1 1176.40 1057.39 528.19 D2a-b (2 iso) D . Lo
(B) S. haematobium worm acidic GSL glycans
S. haematobium H3N4 1436.51 1317.49 658.24 D3 D (B-1) 1
Eggs Monoiso. m/z:  1088.33 Da 1087.33
Neutral H3N4F 1 1582.60 1463.55 731.27 D4a-b (2 iso) D 1007 Exp. charge:  1-
1 Th. ion: m/z 1087.37
H5N3F2 1849.64 1730.64 864.81 D5 D 1 Exp. ion: m/z 1087.33
1 Dev.: 0.05
| RT: 37.4 mi &
H3N5F2 1931.66 1812.69 905.84 D6 D | Proposed structure: |
1l e-00om
H1NSA1 1491.54 1372.50 685.75 E1 E 1
S. mansoni H1NGA1 1694.62 1575.58 787.29 E2 E i % 1-
Eggs - 1- 1069.39
Acidic + HF H1N7A1 1897.70 1778.66 888.83 E3 E - 378.09 . T
£ 708.25 1-
: 1 1- 1 911.35
H1N8A1 2100.78 1981.74 990.37 E4 E - 50504 58117 743.30 905.25|IJI
H1N5A1F4 2075.77 1956.73 977.86 Fla-b (2 iso) F | 200 | 400 | 600 | 800 | 1000 | miz
(B-2) ]
H1N6A1F3 2132.79 2013.75 1006.37 F2 F 100 | Monoiso. m/z:  1494.53 Da 11671.38
1 Exp. charge : 2-
_ - 1Th.lon: m/z 746.26
H1N6A1F4 2278.85 2159.81 1079.40 F3a-b (2 iso) F 1 Exp. lon - m/z 746.21
7 Dew. : 0.05
S. mansoni H1N7A1F3 2335.87 2216.83 1107.91 F4 F 1rT: 39.0 min
EggS 1 Proposed structure: e 1-
Acidic H1NG6A1TFS 2424 .91 2305.87 1152.43 F5 F Y Yo¥e¥ N N ERIN 50016 708.24
H1IN7A1F4 2481.93 2362.89 1180.94 Fo6 F _
1-
H1NG6A1F6 2570.96 2451.92 1225.46 F7a-c (3 iso) F i % Y . ; 1 I 1005.38
- 1- Nos
- _ \ _498.08 1 . 784.28 g 1- N
HIN7A1F6 2774.04 2655.01 1327.00 F8 F ] 1 1 893.34 1-
: 378.09 487.16\‘ Po1051 690.26 L | 1114.34 1311.31
Isomeric glycan structure detected (with number of identified isomers) 0+ — , === L |' ||," ||—,||"' | |',' | = ", '," — ,“ : ,
200 400 600 800 1000 1200 m/z




(C) S. haematobium egg acidic GSL glycans

(C-1) Proposed structure :
Monoiso. m/z : 1843.66 Da b
Exp. charge : 2- 1- :
100 | Th-ion: m/z 920.83 1005.49
- Exp. ion: m/z 920.80
-| Dew. : 0.03
| RT: 42.7 min
- -
Z O ) 1336.43
- DO | 1- 1- &
N \ 2017 - 78433 2. 987.38| 1 T . 1-
E 1- 642'27617'2 sy 810407 ooasr | 1- - 1- 1517.48 162143
B 487.22 ' e B54.34 | 105742 119038 1260.50 | 1354.42 l l
O_ — ) | b l.l.A. ll Ll . Lt . N | Ll | '_l \ ol 1 Al
| | | | | | | | | | | |
400 600 800 1000 1200 1400 1600 m/z
(C-2) Proposed structure :
Monoiso. m/z : 1900.69 Da (e OO0
Exp. charge : 2- 1-
Th. ion: m/z 949.34 1411.53
100 7 Exp. ion: m/z 949.31
| Dev. : 0.03 1-
= RT : 51.2 min 1573.53
- 1- -
_ & 1190.46 1-
~ 2. 1- 1299.53
- L 7.839.32 1- ‘“Oi 1-
_ E 1. 91141 100°42 1208.45 1
- 708.34 1. 1- )
. o 1 802.35 1114.45 1679.49 o
Z 1- 1- -
- 396.16 505.26 599.18 l I l ' l
O: ) 2 I.I. L l b .| ' [ I LA, A N salesad ||
| | | | | | | | | | | | | | | | |
200 400 600 800 1000 1200 1400 1 600 1800 m/z
(C-3) Proposed structure :
Monoiso. m/z : 2046.74 Da ,
: 1- DGD..T.OO.Q
Exp. charge : 2-
100 | Th-ion: m/z 1022.37 1005.41
-| Exp. ion: m/z 1022.35
- Dew. : 0.02
| RT: 44.1 min
- 1. 1-
= 1 70830 [187°34 = 1-
_ 1336.45 1-
: e 2_ ~D= Nl O - T
E - g0 - 911.88 | 4. 1- . 199780 472085
- 505.16 | | 802 34 | l \. 105740 124247 1464.57J \ 1824.56
O . | . 1 1 I I l i I. L. l l . k I.l 1 L l
| | | | | | | | | | | | | | | |
200 400 600 800 1 OOO 1200 1400 1600 1800 m/z
(C-4) Proposed structure :
Monoiso. m/z : 2103.77 Da gl § T E T NgWalr W
Exp. charge : 2-
Th. ion: m/z 1050.89
Exp. ion: m/z 1050.88
Dev. : 0.01
RT : 56.1 min 1
B 1- )
_ . 2-
100~ 94041 1190.46 16145260 1.
- 1 1 T e 1776.56
= 599.34 1- 1 299_53 1520.53
- cor oo g 1114.45 1 -
B 1-  802.37 " i O
- 1- 1 708.32 172361  1881.54
= 396.15 1- 624 78
. 304.04 | 48722 h.
O | L .I “J 1 | J. Ak 1l |
| | | | | | | | | | | | | | | | | | |
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

(C-5) Proposed structure :
Monoiso. m/z : 2192.80 Da :
Exp. charge : 2- 10015_ 53 : : ’
100 Th. ion: m/z 1095.40 '
| Exp. ion: m/z 1095.36
-| Dew. : 0.04
JRT: 44.5 min
_ 1-
: “ 1- 1354.53
- 1- 1190.49 T
- 854.51 4. o= 1-
_ & 091 48 e ],336.50 1 1685.59 1-
- 1- T .. 1- 1 g 6 50 n 1865.63 ~
- 50529 690.33 7g4 42| 90444 | O | L, ' 1610.55 \ o o
O ; | l L1 I. ' l 1 " d JI. & | I I l ]
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 m/z
(C-6) Proposed structure :
Monoiso. m/z . 2249.82 Da 5
Exp. charge : 2- 1- :
100 | Th-ion: m/z 1123.91 1411.55
| Exp. ion: m/z 1123.90
-| Dew. : 0.01
| RT: 49.1 min
E - 2 1 - ‘"O‘: 174112.56
- 1- 1- 101345 419047 P00 . 1-
. 505.21 672.26 w 1- 1- 192263
_ ; O 1- 1310.50
- 642.23 1- 987.46 1666.57 [1760.53 1-
: DL R W IO
O B 1l | l . I l.|.||J|_; l.ll l ||. by L | T Y
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1 750 2000 m/z
(C-7) Proposed structure :
Monoiso. m/z : 2395.88 Da :
v FIIITT% -O@—5
Exp. charge : 2-
Th. ion: m/z 1196.94
Exp. ion: m/z 1196.91
Dev. : 0.03 1-
RT : 45.5 min 1- 1190.42 1-
854.46 - 1393.54
100 = r 1208 50 1
= | 1- 1557.58
- 987.49 1- 1- 1-
E < 1107.51 1539.55 1888.65
z 1- = 1-
E 505.25 > - l1o06.62 -
- 690 38 1- 1- 1812.64 2068.62
= ‘ 949.51 \h 1609.58 1 -
- 2173.78 &
- l | I.Il hied J.l.ll.l _J_L.lm L1 “_lll vl Il L, .I;l L
O | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1 750 2000 2250 m/z
(C-8) Proposed structure :
Monoiso. m/z : 2541.94 Da 4
Exp. charge : 2- 1- : : :
Th. ion: m/z 1269.97 ) 1203.70
1003 Exp. ion: m/z 1269.94 100563
“| Dew. : 0.03 '
| RT: 41.1 min o
E <O~ 1-
- 1- 1354.58
- 1- 1-
- I 1539.56 1-1703.62 1- .
E 1- 1658.59 2034.68 2214.71
- 505.34 l
O — al l 1 - |ll. F1 'y ) l ll ad l .
| | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 1500 1750 2000 2250 m/z




(D) S. haematobium egg neutral GSL glycans

(D-1) Proposed structure : (D-4a) Proposed structure :
Monoiso. m/z : 912.34 Da -O-O-@— Monoiso. m/z : 1464.55 Da ;
Exp. charge : 1- 1- Exp. charge : 2- 1. 1- |
100 | Th- fon: m/z 911.34 690.21 100 _| Th-ion: m/z 731.27 505, 1242.47
-| Exp. ion: m/z 911.31 | Exp. ion: m/z 731.25 '
- Dev. : 0.02 & _| Dew. : 0.02 -
4 RT: 38.1 min ‘ | RT: 39.7 min 1-
E _ 957.39 o
E E T 1. g Lo I - - N
- - 1- - g 46522 | - o 1-
- 3 A S05.14 708.15 1- - 02519 o0 I 1057.42 5
B - 869.32 = E 1- Y 672.21
- 1- 304.07 / 653.28 - 322.13 710.26 5 1-
E 262.02 1- 1 911 24 : E 1- 1- o 1- 1260.53
- 363.97 I ' II | ' Z 220.04 l 751.33
O — A W ' N A nl‘ \ I W A L ll il | O _ | 2 ] 11 .h . ls . I L | i I
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
100 200 300 400 500 600 700 800 900 1000 m/z 200 400 600 800 1000 1200 1400 m/z
(D-2a) Proposed structure : (D-4b) Proposed structure :
Monoiso. m/z : 1058.41 Da ; Monoiso. m/z : 1464.55 Da 5
Exp. charge : 1- 1- | Exp. charge : 2- 1- :
Th. ion: m/z 1057.41 505.14 100 _| Th-ion: m/z 731.27 1078.40
100 7 Exp. ion: m/z 1057.39 7 Exp. ion: m/z 731.24
7 Dev. : 0.02 o _| Dev. : 0.03
1 RT: 35.9 min | RT: 45.7 min
: - - ;
5 642.18 - 911.32 1-
- n 1048.41 o
_ 1- _ & 1-
5 % < VE " 672.21 I N & 1242.41 °©
- 1- O~ WOA - N 2-
] ) \ 1- —
] 1- 1- 487.19 1- 60022 1- 1- 854.30 _ 1- 629.70 - 1-
. 348 11 405.11 | 551.17 | l 690.24 836.28 1040.23 - 505.33 J 893.38 1260.35
O _ ) | R L I L l l 1 | . 1 O 1 R Laa ' | | T U T . l . L LR l. ) | l
| | | | | | | | | | [ [ [ [ [ [ [ [ [ [ [
200 400 600 800 1000 m/z 200 400 600 800 1000 1200 1400 m/z
(D-2b) Proposed structure : (D-5) Proposed structure :
Monoiso. m/z : 1058.41 Da 1- , Monoiso. m/z . 1731.64 Da 5
100 — Exp. charge : 1- 708.26 E 666 Exp. charge : 1- 1- : :
1 Th.lon: m/z 1057.41 100 o I fon: m/z 864.81 1219.48
| Exp. lon : m/z 1057.39 —| Exp. ion: m/z 864.80 1-
- Dew. : 0.02 i “| Dev. : 0.01 1386.52
- RT: 43.6 min ! Z|RT: 48.7 min
: - . 1- |
] b 1356.49 |
_ E 1- 1- -
= »_E Vg e 690.26 845.23 —
: t, 8 51(35 17 > : -
. 348.13 - 11-905. 1- 1 1023.84 _ 708.16 783.72
-  1- 408.07 468.24 803.28| 893.29 1- - Z -
- 1366.13 | [o11:25 984.38 - 510.14 \720.25 1194.37 | 1285.46 1550.37
O I s i | | 1 Ll N b il l aal I 1 L o L .l 1 O l 1 1 | I l L La l L, L 11, |
| | | | | | | | | | | | | | | | | | | | | | | | |
200 400 600 800 1000 m/z 200 400 600 800 1000 1200 1400 1600 m/z
(D-3) Proposed structure : (D-6) Proposed structure :
Monoiso. m/z: 1318.49 Da T EEEOOe- Monoiso. m/z : 1813.69 Da ‘
Exp. charge : 1- 1- Exp. charge : 2- DHTT{}%@
Th. lon : m/z 1317.49 668.27 1- 1 Th. ion: m/z 905.84
100 7 Exp. Ion : m/z 1317.47 1096.39 : Exp. ion: m/z 905.83 1-
_ 1257.48
_| Dew. : 0.02 100 — Dev. : 0.01 1591.47
1RT: 47.3 min —| RT : 42.0 min o
- o o o 1- — 1- 1-
] Se . 1- _ — ~O~ o R o
- ’ 893 3311 2 1 | 1306.50 -
_ ' 1114.38 = 1- | | 804.77 | 1388.53, T
” 1- <0~ 1- E E E 465.20 1 | : 991.24 ;I- ‘O“ 1406.54 O
- 1- 708.75 — 3 1160.28 /
- 626.31 1047.44 5. = E 1- 6721 29 ¥ Ly 1- 1531.50
_ 1215.54 E 1- 304.12 1- ' 690.35 _ 1- 1203.45 :
Z | 262.06 423.30 “ 1021.26 u ‘ 1469 44
0 — N L1 i \ 0 - I.u‘.lkl il Ll lJ | . -
| | | | | | | | | | | | | | | | | | | |
1000 1200 1400 m/z 200 400 600 800 1000 1200 1400 1600 m/z




(E) S. mansoni egg acidic GSL glycans - HF treated
(E-1) Proposed structure :
Monoiso. m/z : 1373.50 Da PR T EpPa
Exp. charge : 2- 1-
100 | Thion: m/z 685.75 1005.41
] Exp. ion: m/z 685.79
-| Dewv. : 0.04
JRT: 42.4 min 1
_ 622.28
- 1 1-
t 2929 50 L 1190.48
- 2 ~ 1-
_ L 421.72 1- 1151.44
- 141.94 1-
- 306.24 539.02 o41.47 772.38 927.42 d j|
O: | l.|“|L_L._L|_.|| ! | I.l |l|| | ||Ll| |||I | | N I “
| | | | | | | | | | |
200 400 600 800 1000 1200 m/z
(E-2) Proposed structure :
Monoiso. m/z : 1576.58 Da ,
He-alis & 5 plE =
Exp. charge : 2- 1- 7
Th. ion: m/z 787.25 1208.46
100 7 Exp. ion: m/z 787.32
_| Dew. : 0.03
I RT: 45.8 min
_ 1- RN
_ E 1005.45 -
- & 1196.50
- 1- 1 ’ ~O~ 1-
— o .. 696.29  1- - - 1-
- - > 1 784.35 993.45 1190.52 1354.52 10003
- sep 39621 52323 581.17 l l
O: 2 l el .l.l.. i i nL,.l na ..|.I ll. | | 2 .lll_l " N - I 1
| | | | | | | | | | | | |
200 400 600 800 1000 1200 1400 m/z
(E-3) Proposed structure :
Exp. charge : 2- 1-
100 | Th- ion: m/z 888.83 1411.56
-| Exp. ion: m/z 888.88
- Dew. : 0.05
| RT: 45.9 min
_ 1-
m 1393.57
- % 2- 1- &
- : . 1196.53 -
- 523.20 811.47 1
- 318.11 3916-11 | ||.|I| 871 28 | 10749 ”“ 1557[55]
0 - ] I.I wh b Ulea u ol Ll e 1 lﬁlll nll I
| | | | | | | | | |
200 400 600 800 1000 1 200 1 400 1600 m/z
(E-4) Proposed structure :
Monoiso. m/z : 1982.74 Da e R EEE e
Exp. charge : 2-
Th. ion: m/z 990.37 1614.66
Exp. ion: m/z 990.41
Dev. : 0.04
RT : 52.6 min
100 —
E E 1- 2- 1- 1
- 396.18 , B
E N - 899 41 1305 44 e 141167 T .
= - 523 21 784 35 976.49 1513 64 1-
- 366.2° N | ' Ju 1760.53
~ i |. L. | ||,l | TR o e | . J A
O | | | | | | |
200 400 600 800 1000 1200 1400 1600 1800 m/z

(F) S. mansoni egg acidic GSL glycans

—
o
o

100

100

100

m/z

m/z

(F-1a) Proposed structure :
Monoiso. m/z : 1957.73 Da 5
Exp. charge : 2- 1-
Th. ion: m/z 977.86 1- 1240.40
| Exp. ion: m/z 977.85 “. 891.30
-| Dew. : 0.01
| RT: 36.0 min 1-
- 1 1735.54
- & 1589.56 -
_ 1-
_ 733.24
- E - 1023_2.41 1-
_ - 688.21 , 1406.50 1.7
— 1_ -
_ 1- 38491 92117 L 1286.28 | L 1774.46
h 30907 | oiwl i h.l A ol Ll
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 2250
(F-1b) Proposed structure :
Monoiso. m/z : 1957.73 Da , §
Exp. charge : 2- ’ 1-
Th. ion: m/z 977.86 1589.56 1735.62 ? E
| Exp. ion: m/z 977.85
-| Dew. : 0.01
| RT: 40.5 min
- 1-
- 2- 1082.44
_ ‘ 867.35
: 7 . 2 -
_ 1368.56 -
_ 1- 7124 3 873.27 121-9 59 1- 1774.53
- 1- : - 1426.53
. 587.15 l |
_ 3O|9|00 1 I - .l. |7§|578| ] i d . i Lol [ | l ] .l | | ]
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 2250
(F-2) Proposed structure :
Monoiso. m/z : 2014.75 Da 4
Exp. charge : 2- 1- i : :
_| Th. ion: m/z 1006.37 1094.41
-| Exp. ion: m/z 1006.34
-| Dew. : 0.03
I RT: 34.0 min %
: ‘1_ &
- 745 24 936.39 1- 1- 1- i
_ 1285.51 1425 .49 1646.54 1
- ~C= 2 =
- 1- 650 3 1792.58
h o 587.25
_ 1- 1-
- 384.18 542.19 |873 30‘ | | l
— Al o ,||..| . ol Al i II L1
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1 000 1 250 1500 1750 2000 2250
(F-3a) Proposed structure :
Monoiso. m/z: 2160 81 Da 5
Exp. charge : i : : :
Th. ion: m/z 1079.40
_| Exp. ion: m/z 1079.41 745 26 1-
- RT: 29 7 min | 121 048
_ 1- 1-
- z 733.29 1431.55 Ne
— 1-
- 1- 968.86 1- 1938.65
i 1 1930 .39 1425.46 . 1-
- 542.14 870.34 1628.53 179252
- 10"‘ \ 1279.52
- 384.11 l |
: TR MUY 1 T PR P A T L 1
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
250 500 750 1000 1250 1 500 1750 2000 2250

m/z



(F) S. mansoni egg acidic GSL glycans (continued)

(F-3b) Proposed structure :
Monoiso. m/z: 2160.81 Da 4
Exp. charge : 2-
Th. ion: m/z 1079.40 1-
100 Exp. ion: m/z 1079.38 1285.59
- Dev. : 0.02 1
- RT : 43.9 min L 1589 58 .
_ 1792.61
_ 2-
. - 968.94 1-
- & 873.31 = 1938.58
- o 1_ 1- 1488.55 e
E 1 5817- - 1368.42 1-
- 368.10 l | 1982.78
O i N | \ NI\ l | _l | l ‘
[ [ [ [ [ [ [ [ [ [ [ [ |
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z
(F-4) Proposed structure :
Monoiso. m/z : 2217.83 Da 9
Exp. charge : 2- i : :
Th. ion: m/z 1107.91 1094 48
100 3 Exp. ion: m/z 1107.91 |
| Dev. : 0.00
1 RT: 38.4 min 1139 45 -
- 1.
n 1- = 1425, 541488 >" 1-
_ 745.33 | 1849.69
t 1 _ N '.‘ 2.
- % 790.31 1- 95; Ny .
- 930.42 : | &
— , 1646. 70 1-
- - 54225 1204 41 | ‘16|91 57 ]J.l 1995.60
0> 58022 . O TR [ W Rt
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1 500 1 750 2000 2250 m/z
(F-5) Proposed structure :
Monoiso. m/z : 2306.87 Da 5
Exp. charge : 2- 1-
100 Th. ion: m/z 1152.43 1386.62
| Exp. ion: m/z 1152.42
-| Dew. : 0.01
| RT: 39.7 min -0 1
- 143163 1717.59 ’
_ 1-
_ % VV? 1076.48 1938 70
~ = ‘ - 7 o
x | 1- 873.42 1_ -1 1735.60 1_
- -, 72436 193649 1568.58 1- 2084.66
- o873 1- 1634.58
- 652.31| 570 2 ‘ l
O | [Pt 1 1 I I . 1 ||_|‘_I l] l l 1 | a
| | | | | | | | | | | | | | | | | | |
250 500 1 500 1 750 2000 2250 m/z
(F-6) Proposed structure :
Monoiso. m/z : 2363.89 Da 4
Exp. charge : 2- ] : : :
Th. ion: m/z 1180.94 1.
Exp. ion: m/z 1180.91
100  Dev. : 0.03 H1285'61 1
3R 333 min 1. 1443.56
- 936.51 1 |
Z 1094.53 :T’“_
- 1- 1995.68
_ 745.40
- b 1- L
- B 1- 1775.60 ~1o 1-
- ) - 2141.75
- 384.23 l |L -
O_ ' 1 1 nl r aal 85 ll... .II ] III
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 2250 m/z

(F-7a) Proposed structure :
Monoiso. m/z: 2452.92 Da 5
Exp. charge : 3- 2-
100 Th. ion: m/z 816.64 642.18
| Exp. ion: m/z 816.78
-| Dev. : 0.14
| RT: 36.3 min o
E 1- 1-
— 2- 936.30 1285.49
n 710.70 1431 44
; >—§ 1- 1-
- E s 815.26 1-1120.37 1452 58
- 529.03 |
_ 1- 1- 1073.36 1413 45
~ 348.63 1. 587 12
_ | 1497.38
_ . 384.15
O; 24.3IOO |..\| || L1 ||||_||_.| ] Lm‘ J a | 1
| | | | | | | | | | | | | |
200 400 600 800 1000 1200 1400 1600 m/z
(F-7b) Proposed structure :
Monoiso. m/z : 2452.92 Da @
Exp. charge : 2- 1-
Th. ion: m/z 1225.46 1386.57
100 o Exp. ion: m/z 1225.43
-| Dev. : 0.03 1-
-| RT: 38.4 min 1735 64
- 1577 65
_ 1-
- T 1 1076.49 ;
B . 2084 72
: 73339 L 2. 22131 e
- L s 7341 2- 1192.50 1920 67 :
_ 1 1- 873 959.90
- 384.19 ©951.26
O_ el i T T | ok | A MR i .LJ ..|||, Ly
| | | | | | | | | | | | | | | | | | | I | | | | | | | |
250 500 750 1000 1250 1 500 2000 2250 m/z
(F-7c) Proposed structure :
Monoiso. m/z : 2452.92 Da @
Exp. charge : 2-
Th. ion: m/z 1225.46
Exp. ion: m/z 1225.43 1-
Dev. : 0.03 1577 66
RT: 41.9 min 4
) \2084.76
1076.55 2- 1881.68 \‘
1- 1115.54
- 873.41 2- : 1- &
. 2- 1197.07 | 1714 éz b 2230.75/
1 58; 5 S ' Sl
. ' 2306.72
318..4.32 |||. l“ll 11 J_I.ll....ll l..... 1 lln
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 2250 m/z
(F-8) Proposed structure :
Monoiso. m/z : 2656.01 Da 6
Exp. charge : 2-
Th. ion: m/z 1327.00
Exp. ion: m/z 1326.98
100 | Dev. : 0.02 1 2288.17
- RT : 43.6 mi & -
. 3.6 min S - 1780.68
- 1-
Z 1386.55 7
_ 1-
- 1076.48 1
7 - 7 _—
_ o 1- 2 _1286.54 & 1863.69 1-
- : 2066.77 =)
- . 873.38 1216.55 1-
3 ? T 1 2. 1598.64 1984.73 .
- 1 - -
- 378.16 9587.24 2434.82
- . L
| | | | | | I | | | | | | | | | | | | | | | | | | | | | | | | | |
250 500 750 1000 1250 1500 1750 2000 2250 m/z



Figure S6 — Structural characterization of S. haematobium N-glycans

N-linked glycans were released from S. haematobium glycoproteins using PNGase F (A-C,F) and PNGase A sequentially (D-G) prior to AA labeling.

Glycan sequencing (A-D) N-glycans of S. haematobium cercariae (A), adult worms (B) and eggs (C, D) — either a mixture of eggs at different stages of

maturity (C) or mature eggs only (E) - were subjected to hydrofluoric acid (HF) treatment and/or to digestion with exoglycosidase(s). Reactions were

performed using the conditions detailed in Figure 2 (see Methods section). Treated samples and undigested control were then analyzed using MALDI-TOF-
MS. All spectra were acquired in negative-ion reflectron mode and signals are labeled with monoisotopic masses (m/z, [M-H]). Signal intensities in % are
indicated on the Y-axis. Sample type (untreated control or treated sample) and parasite life-stage (cercariae, adult worms, total or mature eggs) are indicated
at the top of each panel. Blue arrows highlight the products resulting from the aforementioned treatments. Contaminants introduced by the preparation and

known non-glycan signals are labeled with the # symbol.

MALDI-TOF-MS/MS (E) of selected PNGase A-specific ions present in the N-glycan spectra of mature eggs was performed in negative-ion mode.
Theoretical masses of fragmented ions are indicated on the upper left corner of each panel. Y-type fragment-ions, as defined by Domon and Costello

(https://doi.org/10.1007/BF01049915) are represented, unless indicated otherwise (B = B type, C = C type, Z = Z type).

MALDI-TOF-MS (F, G) of N-glycans derived from immature and mature eggs of S. haematobium, separated by Percoll gradient centrifugation (see Methods
section). A focus on m/z 2500-3500 highlighting the presence of high molecular weight structures is provided (G). Of note, in experiments in which PNGase A
was applied to a mixture of eggs at various stages of maturity, minor ions corresponding to N-glycan structures up to ~4000 Da were observed (data not

shown). The lack of interpretable MS2 spectra prevented verification of whether these carried four antennae or polyLacNAc repeats.

All (putative) glycans are represented using the CFG nomenclature (see inset below).

() Galactose (Gal)

N-acetylgalactosamine (GalNAc)

E Fragment ion nomenclature

~Or

A Fucose (Fuc) r Briype
@ Mannose (Man) L C-type
@ Gilucose (Glc) % Y-type
B N-acetylglucosamine (GIcNAG)

i% Xylose (Xyl) % <type
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(C) S. haematobium eggs — Glycan sequencing

(B) S. haematobium adult worms — Glycan sequencing
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(F) S. haematobium N-glycans — Immature and mature eggs

(E) S. haematobium eggs, PNGase A — MALDI-TOF-MS/MS
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See panel F

(G) S. haematobium eqggs, PNGase A-specific N-glycans (focus on higher molecular range structures)
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Figure S7 — Comparison of S. haematobium and S. mansoni N-glycans

Proteins were extracted in parallel from the cercariae (A), adult worms (B) and eggs (C-D) of S. haematobium (left panels) and S. mansoni (right panels). N-
linked glycans were released from their glycoprotein carriers using PNGase F (A-C) and PNGase A, sequentially (D) prior to AA labeling and analysis by
MALDI-TOF-MS. All spectra were acquired in negative-ion reflectron mode and signals are labeled with monoisotopic masses (m/z, [M-H]). Raw data can be
found in Supplementary Data 1. The 15 most intense ion species based on % of total signal intensity of the MALDI-TOF-MS spectrum were annotated with
corresponding glycan structures, as previously determined using MALDI-TOF-MS in combination with glycan sequencing techniques and MALDI-TOF-

MS/MS (see Figure S5 and Supplementary Data 3 for S. haematobium and previously published work on S. mansoni*°).

Major differences observed between species are highlighted using boxes. Fucosylation = outer-arm Fuc residues, Xylosylation = 31-2 linked core Xyl, LN =
terminal GalB1-4GIcNAc, LeX = terminal GalB1-4(Fuca1-3)GIcNAc, Triantennary = N-glycans with 3 antennae, Oligomannosidic = N-glycans with 5 to 9

mannose residues.

All (putative) glycans are represented using the CFG nomenclature (see inset below). Known non-glycan signals are labeled with the # symbol. M3 to M9 are

used to label oligomannosidic N-glycans with 3 to 9 mannose residues.

Galactose (Gal)

N-acetylgalactosamine (GalNAc)

Fucose (Fuc)

Mannose (Man)

Glucose (Glc)
N-acetylglucosamine (GIlcNAc)
Xylose (Xyl)
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Figure S8 — MALDI-TOF-MS/MS of S. haematobium O-glycans

O-glycans were chemically released using 3-elimination from the glycoproteins of S. haematobium cercariae and eggs and were subsequently permethylated. Selected ions were
structurally characterized using MALDI-TOF-MS/MS. All spectra were acquired in positive-ion reflectron mode and signals are labeled with monoisotopic masses (m/z, [M+Na]?).
Signal intensities in % are indicated on the Y-axis. Fragments were registered as hydrogen or sodium adducts in positive-ion reflectron mode. Diagnostic ions and/or fragmentation
patterns indicative of glycan traits of interest are listed in the Table below together with the corresponding panels in which they are observed. Y-type ions, as defined by Domon

and Costello (https://doi.org/10.1007/BF01049915) are represented, unless indicated otherwise (B = B type, C = C type, Z = Z type), using the CFG nomenclature (see symbol key

insert below).

Diagnostic ion m/z

Monosaccharide nomenclature
O Galactose (Gal)

A Fucose (Fuc)
L]

N-acetylglucosamine (GIcNACc)

Fragment ion nomenclature

—1 B-type
=] C-type
>l Y-type

o114 Z-type

Identified glycan trait (theoretical m/z) or Am Present in Panel
Core-2 ;>D : Y-N,H, (m/z 520.27) Cercariae and eggs A
83 Z,-N, (m/z 543.29) (more abundant in eggs) B
Schisto-core o =u Y{-N;H, (m/z 520.27) more arias AN OGS e A
B3 Y,-H,N, (m/z 724.37)
pam g i A
LeX 03 B,-N,H, (m/z 660.32) Cercariae and eggs B
: COpalpsOplss©
Multiple LeX o3 43 Cs-N,H, (m/z 1505.74) Eggs B
R
Fuc-GIcNACc G% B,-N,F, (m/z 456.22) Cercariae A
LDN % R B,-N, (m/z 527.26) Eggs B
R
LDN-F pa Sg B,-N,F, (m/z 701.35) Eggs B
a2| a3
DF ) CoF, (M/z 403.20) Cercariae A
CZNCEy B,-F,N, (m/z 630.31)
paTp
DF-LDN-DF o B,-F,N, (m/z 1223.62) Cercariae A

N-acetylgalactosamine (GalNAc)
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(B) S. haematobium eggs — MALDI-TOF-MS/MS

— MALDI-TOF-MS/MS, CONTINUED
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Figure S9 — Glycan microarray construction and validation

Preparation of glycan material for microarray printing

1. Glycan purification using UHPLC fractionation

S. haematobium and S. mansoni N-linked and GSL glycans were extracted, released and labeled with AA as described in the Methods section. About 2-2.5 million eggs,
~172,000 cercariae and ~1,300 worms were used as starting material for each species to generate sufficient amounts of purified glycans for immobilization on microarray
slides. Purification of AA-labeled glycans was performed according to methods previously applied in the construction of parasite glycan microarrays
(https://doi.org/10.1016/j.mcpro.2022.100201, https://doi.org/10.1371/journal.pntd.0001922, https://doi.org/10.1016/|.ijpara.2015.02.008).

Briefly, glycans were first separated by normal phase UHPLC on a Dionex UltiMate 3000 system (Thermo Fisher Scientific) using hydrophilic interaction chromatography

(HILIC) on a TSKgel Amide-80 column (4.6 mm x 15 cm, particle size 3 um, #0021867, Tosoh). Eluent A consisted of 50 mmol/L formic acid (pH 4.4) while eluent B consisted
of 100% ACN. A linear gradient from 78% to 46% eluent B was applied at a flow rate of 1 mL/min. Fluorescence detection was performed at A_-A,,, 250-425 nm and data
were acquired using Chromeleon™ 7, version 7.1.2.1478 (Thermo Fisher Scientific). Fractions were manually collected in individual tubes, concentrated to dryness using a
Speedvac and resuspended in 50 yL MQ. Glycan species present in the obtained fractions were assessed using MALDI-TOF-MS analysis as detailed in the Methods section.
Glycan amounts were estimated by comparing peak height in the UHPLC fraction to a known amount of glycan isolated from the glycoprotein RNase B following an

established procedure for glycan array building (https://doi.org/10.1021/ac0/1187g). Fractions with a minimal amount of 20 pmol of glycan material were selected for a

second phase of separation using reverse-phase UHPLC using a C18 column (250 x 4mm, particle size 4 um, Superspher® RP-18 endcapped, # 116858, Millipore Sigma).
Eluent A was 0.1% formic acid while eluent B was 95% ACN, 0.1% formic acid. Flowrate was set at 0.5 mL/min and gradient conditions were 5% eluent B for the first 5
minutes followed by a linear gradient ramping from 5 to 50% B for t=5 min to t=30 min. Resulting fractions were further selected for printing based on structural features,
assessed using MALDI-TOF-MS, and amount of glycan material, estimated by comparison with the RNase B standard. A comprehensive overview is available in

Supplementary Data 5.
2. Preparation of crude antigens

To generate cercarial antigen (CA) and soluble egg antigen (SEA), cercariae and eggs from S. mansoni and S. haematobium were homogenized in cold PBS by mechanical
disruption using a Potter-Elvehjem homogenizer. Homogenates were sonicated and centrifuged at 4°C, 17000g. Soluble fractions were collected, and protein concentrations

estimated by BCA assay. Aliguots were diluted with MQ to 100 ug/mL.
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Figure S9 — Glycan microarray construction and validation

3. O-glycan pools

O-glycans were obtained from a previous study (https://doi.org/10.1016/j.ijpara.2015.02.008) during which they were released from several S. mansoni life stages by

hydrazinolysis, labelled with AA and purified and fractionated on UHPLC as described for the N-linked and GSL glycans. Following MALDI-TOF-MS analysis to determine the
glycan compositions, a glycan microarray was constructed and screened with mAbs binding to specific glycan motifs to determine the O-glycan epitopes present in the
various fractions. For the present work, we pooled the content of five fractions from this previous study containing SEA-derived O-glycans to create two pools of O-glycans
isolated from S. mansoni eggs. Similarly, three pools of cercarial O-glycans were made from 11 fractions containing CA-derived glycans. Fractions from the original study
were pooled based on similarity in their structural content. Glycan amounts were determined previously using height of UHPLC signals. The 5 resulting O-glycan pools were

iIncluded onto the microarray library.

Il. Glycan array printing

The fractions listed above were used to generate a glycan library of 288 samples as described in the Methods section. These samples were printed in triplicate to
epoxysilane-coated glass slides (Slide E, Nexterion #1066643, Schott AG), leading to a total of 864 spots printed per array. The Microgrid 600 microarrayer (Genomic
Solutions) equipped with SMP3 pins that deposit 0.7 nL at each contact was used to print each array eight times per glass slide with a 0.245 mm spacing between spots and

4.60 mm spacing between the printing areas of each array.

lll. Array validation with mAbs
1. Binding assay

Upon printing, glycan microarrays were validated using a selection of mAbs binding to specific glycan motifs as determined in previous studies (see Table below). These glycan-
binding antibodies were produced by hybridomas generated from mice infected with schistosomes or immunized with schistosome extracts as described previously

(https://doi.org/10.1017/s0031182000065045). Slides were incubated following the binding assay procedure detailed in Methods. After blocking, the slides were incubated with

mADbs diluted in PBS with 1% BSA and 0.01% Tween 20 in ratios specified in the table below. Binding of mAbs was detected using anti-mouse IgM (heavy chain) Alexa Fluor™
555 (Invitrogen #A-21426). Fluorescence was measured using a G2565BA scanner (Agilent Technologies) at 10 um resolution using two laser channels at 532 nm and 633 nm
and with the sensitivity level of the photomultiplier tube set at 10%. Image analysis was processed with GenePix Pro 7.0 software (Molecular Devices) according to published

methods (https://doi.org/10.1021/pr900515y). The acquired data were exported to Excel and for each glycan-containing fraction, fluorescence intensities of triplicates were

averaged and corrected for background using average fluorescence intensity of “blank™ spots - i.e. spots printed from wells containing spotting buffer only - as a baseline.

mAb Dilution ratio Binding specificity References
273-3F2-A 1:100 LDN (LacDiNAc, GalNAcB1-4GIcNACc) https://doi.org/10.1093/glycob/10.6.601
291-4D10-A 1:200 LeX (GalB1-4(Fuca1-3)GIcNACc) https://doi.org/10.1093/glycob/10.6.601
291-5D5-A 1:200 F-LDN(-F) (Fuca1-3GalNAcB1-4(Fuca1-3)GIcNAc) https://10.1017/s0031182004006390; https://10.1016/j.ab.2010.07.008

100-4G11 1:250 Trimannosyl branching (R-a1-6Man(a1-6Man)a1-3Man) https://10.1093/glycob/cwg025



https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1016/j.ijpara.2015.02.008
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1017/s0031182000065045
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1021/pr900515y
https://doi.org/10.1093/glycob/10.6.601
https://doi.org/10.1093/glycob/10.6.601
https://10.0.3.249/s0031182004006390
https://10.0.3.248/j.ab.2010.07.008
https://10.0.4.69/glycob/cwg025

2. Results (see figure next slide)

Background-corrected median fluorescence intensities (MFls, y-axis) are shown for each glycan fraction printed on the array (x-axis) in panel A. Fraction contents are described
on the x-axis: Neg. controls = negative controls without glycan content (print buffer only); S. haem. = S. haematobium, S. mans. = S. mansoni. Raw data can be found in
Supplementary Data 6 and fraction content is detailed in Supplementary Data 5. Panel B shows a closer view of mAb binding to crude antigens, N- and O-linked glycan-
containing fractions. Compositions of the major glycan structures present in the fractions are provided below the x-axis: H = hexose, N = N-acetylhexosamine, F = fucose, X =
core-xylose, M3-9 = mannosylated N-glycans with 3 to 9 mannose residues.

In line with its specificity, the mAb 273-3F2-A was found to mainly bind fractions containing structures from either S. haematobium or S. mansoni egg GSL glycans that were
defucosylated using HF treatment; or structures from S. haematobium egg GSL glycans carrying little or no fucose(s) in their native stage, all leaving the terminal LDN epitope
accessible (panel A). Expectedly, the mAb 291-5D5, showed an opposite pattern of binding, with high MFI values measured for GSL from S. haematobium cercariae and from
S. mansoni (native) egg and cercarial glycans as well as for several N-glycan fractions (panel A), all of them containing fucosylated LDN motifs (panel B). Binding of 291-4D10
was observed to a few GSL glycan-containing fractions from S. mansoni eggs and cercariae, and a subset of N-glycan fractions, in accordance with their content in LeX motifs.
Finally, very low fluorescence levels were obtained from incubation with 100-4G11 consistent with the Man3/5 epitope only being present in low amounts in a couple of N-
glycan-containing fractions (panel B). These findings confirm both the successful covalent immobilization of glycans onto the microarray and the structural assignment of
terminal LeX, LDN, and F-LDN(-F) motifs in S. haematobium GSL and N-linked glycans. Thus, binding of mAb to relevant fractions is also shown in Supplementary Data 2 and
3, side by side with the glycan structures present in the microarray fractions. In addition to Supplementary Data 6, the raw data used to generate the graphs in (A) and (B) are

also provided in the Source Data file.
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Figure S10 — Serum IgM responses to schistosome glycans

Microarrays were incubated with sera from non-endemic individuals (n = 9) and with sera from children infected with S. haematobium (n = 18) or S. mansoni
(n = 21). IgM binding to the microarray was measured for each individual. Raw data is available in Supplementary Data 8. Graphs display the averaged
background corrected median fluorescence intensity (MFI) values obtained for each group while antibody binding to the microarray fractions (x-axis) for each
individual can be visualized on the heatmap. The type of fraction content is indicated along the x-axis: Blanks (negative controls), Schistosoma crude
antigens, N-glycans (PNGase F or PNGase A released), O-glycans or GSL glycans from either S. haematobium or S. mansoni cercariae, worms or eggs

(treated with HF or native). The raw data used to generate the graphs are provided as a Source Data file.



MFI

50000
40000
30000
20000
10000

50000
40000
30000
20000
10000

50000
40000
30000
20000
10000

N-E

Sm inf.

Blanks

B N-E = non-endemic (uninfected)

N-glycans

| Crude antigens

PNG-F

PNG-A

O-glycans

B S. haematobium infection

GSL glycans

B S. mansoni infection

S. haematobium

S. mansoni

Cerca.

Eggs + HF

Eggs

Acidic

Neutral

Acidic

Neutral

g Cerca.

Eggs + HF

Eggs

Neutral

Acidic

Neutral

000S¢

N
-
-
-
o

0000S



Figure S11 — IgG and IgM responses to crude antigens, N-linked and O-linked glycans

Microarrays were incubated with sera from non-endemic individuals (n = 9) and with sera from children infected with S. haematobium (n = 18) or S. mansoni
(n = 21). IgG (upper graph) and IgM (bottom graph) binding to the microarray were measured for each individual (Supplementary Data 7 (IgG) and
Supplementary Data 8 (IgM)). Averaged MFIs obtained for each group are displayed on the graph for microarray fractions containing Schistosoma crude

antigens, N-glycans (PNG-F or PNG-A released) and O-glycans. Details on major glycan structures present in fractions are provided below the x-axis: H =

hexose, N = N-acetylhnexosamine, F = fucose, X = core-xylose, M3-9 = mannosylated N-glycans with 3 to 9 mannose residues.

Significant differences between groups were assessed using Bayesian statistics implemented in the limma R package. All tests were conducted as

two-sided. P-values were adjusted for multiple comparisons using limma’s built-in procedures (Benjamini-Hochberg method), yielding adjusted

false-discovery rates. Resulting p-values are shown in Supplementary Data 7 (IgG) and Supplementary Data 8 (IgM) and in the Source Data File. P-values <
0.05 indicating a significant difference in MFI| values between groups are labeled using stars. A grey star indicates that both infection groups differ from the
non-endemic group, while an orange star indicates that only the S. haematobium-infected group differs from the non-endemic group. The raw data used to

generate the graphs are provided as a Source Data file.
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