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1 Supporting data

1.1 Sequence alignment and homology modeling

N-terminal domain

Gll.4_Saga/1-540 N DGSA VM, Vi V N G 70
Gll.4_MIOO1/1-540 S DGST VMA \ \ N G 70
GlI.10_Vietnam/1-548 N NDGA VM, A | M N: 70
GlI.17_Kawasaki/1-540 N NDGA TLP Al | T N 70

comaraien [ el TR

S domain

Gll.4_Saga/1-540 SHLA F VI NFPTEG sQv 140
Gll.4_MIOO1/1-540 A SHL A E V| NFPTEG sQv 140
GlI.10_Vietnam/1-548 S AHLS | HFEP IEN PQI 140
GlI.17_Kawasaki/1-540 S AHL S V VL NFPVEF AQ 140

Conservation I I I I I . . . I . I I
Gll.4_Saga/1-540 141 VRNNFYHYNQSNDST I K ANNA 210
Gll.4_MIOO1/1-540 141 VRNNFYHYNQSNDPT I K ANNA 210
GII.10_Vietnam/1-548 141 | S F F IQRDEPKMR SNGS 210
GII.17_Kawasaki/1-540 141 \ YSNQPNSRMR SNGS! 210

Conservation

P1 domain

Bl —TnTT

Gll.4_Saga/1-540 211 DF IF i TV VE LEKLFTGPSGAFVVQP 280
Gll.4_MIOO1/1-540 211 DF IF i £ VE LEKLFTGPSSAFVVQP 280
GII.10_Vietnam/1-548 211 DETY i TL LG IDVLYTNPNESA 1VQC 280
GlI.17_Kawasaki/1-540 211 EETY S LS IDSLFTAQNNVLQVQC 280
Conservation
id 1 I l I.I II.II.-I Ial &
P2 domain
Gll.4_Saga/1-540 281 VNIICT DVTH I AGSRN- - - - YTMNLASLNWNNY EE | KIQGLLTATTKG- - - - - D 341
GIl.4_MIOO1/1-540 281 VNICT DVTHIAGTQE - - - - YTMNLASQNWNNY EE | KIQGVLTQTTRR- - - - - D 341
GII.10_Vietnam/1-548 281 TGIICA KVMTQQVQDEHRGTHWNMTVTNLNGTPF EDV QI YGV | SQRNTNT - VPGE 349
GII.17_Kawasaki/1-540 281 TGIICA RVTAQ | NQRDR - - -WHMQLQNLNGTTY DDV VVFGMVSQRNVGNDA - - P 345
CI ] ]S
Bl ek ol . L

GlI.10_Vietnam/1-548 350 GNL PANRAHEAV | A
Gll.17_Kawasaki/1-540 346 G- - - STRAQQ

NIQFSTWETQDVSSG L ASVDANSHF - - -D 416

Gll.4_Saga/1-540 342 G- - - STRGHKATV
Gll.4_MIOO1/1-540 342 G- - -STRGHK TVS G VH
P VNDDDDGHPF - - -Ri 408

Q

SVNLR | SDNDDFQF -

Hill.l Dl i 1! b 1

P1 domain

i SVQFSTDTENDFETHQNTK V IQDGSTTHRNEPQ SY 408
m RIQFSTDTSNDFETGQNTR VVQDGSTTHQNEPQ NY 408
il PTK S
\Y PTK N

Gll.4_Saga/1-540 409 RNVHNVH A T Q T 'GCS! PNMDL L F A Al LRFV 478
Gll.4_MIOO1/1-540 409 RDSHNVH Al S Q T GCS! PNMNL L E A Al LRFV 478
GII.10_Vietnam/1-548 417 ALTLNMN S \Y C F IPLKG GNPA | L S SL VRYV 486
Gll.17_Kawasaki/1-540 409 ELTLNMN P N Q FVPCSG NQG I | F S S IRYV 478
coseraion | aeflg g om0 M it I I 11m 11
Gll.4_Saga/1-540 479 KSGYV HTGQHDL PNGY il N AL 540
Gll.4_MIOO1/1-540 479 KSGYV HTGQHDL PNGY T N AL 540
GII.10_Vietnam/1-548 487 RN F L RNSAGPV] T Y m N MQ 548
Gll.17_Kawasaki/1-540 479 HSGDYPL H S T 540

Conservation

e <<
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e Zzo-d4
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Figure S 1: Sequence alignment of Gll.4 Saga, Gll.4 MI001, GIl.10 Vietnam and Gll.17 Kawasaki major
capsid protein (VP1) sequences. Color coding represents sequence identity (blue), similarity (light blue) or
difference (white). Bars below the sequence indicate the degree of amino acid conservation among the

strains at the respective position (low (black) to high (light grey)).
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Model Results o Orderby.  GMQE M

Oligo-State Ligands GMQE QMEAN
Homo-dimer (matching prediction) None 0.99 0.571%
Global Quality Estimate Local Quality Estimate Comparison L

\a > | oveanIEET T | T o5

' ce MR T W !

Mode! 01+ Anaom BT T T . 099 B em———r
soivation I, [T | Mll-125 i -
Structure

Assessmert torsion T T [ | T 126

Residue Number Protein Size (Residuss)

Template Seq Identity Coverage Description
4o0v.1.A  93.79% ] Maijor capsid protein v

Model-Template Alignment ~

LiModel 01:
Model 01:

4oov.1l

Model 01:
Model 01:

4oov.1
Model 01:
Model 01:
4oov.1
Model 01:
Model 01:

400v.1.2 SYVIVAHTGQEPLVIPPNGY FREDSHPNQFYTLAPM 307

Figure S 2: SWISS MODEL result for the GIl.4 MIO0O1 P dimer homology model indicating good model

accuracy.
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1.2 Identification of deamidation

Table S 1: Identification of deamidation sites in Gll.4 MIO01 and GIl.4 Saga P dimers stored in buffers of

different pH. No deamidation sites were identified in GI.10 Vietham and GIl.17 Kawasaki P dimers.

Deamidation positions and probability were calculated in MaxQuant based on peptide fragment spectra.

Strain

Deamidation

(storage Peptide sequence Deamidated position deamidated
position - fraction in %
pH) probability
Gll.4 MI001 ' porypGCSGYPNMNL N448 0.99 8
(pH 4.9)
FRSTMPGCSGYPNMNL N448 0.82 2
Gll.4 MI001
pH (7.3) STDTSNDFETGQNTRF N373 1 approx. 64
NSRFPIPLEKL N239 0.98 7
Gll.4 Saga
pH (7.3) STDTENDFETHQ N373 0.96 approx. 88
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Figure S 3: Fragment spectra of wildtype (A) and deamidated (B) peptide RSTMPGCSGYPNMN#48L from
Gll.4 MI001 P dimer stored at pH 4.9 (5 months, 5°C).
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Figure S 4: Fragment spectra of wildtype peptide STDTSN3*DFETGQNTRF from GlIl.4 MIO01 P dimer
stored at pH 4.9 (5 months, 5°C). No peptide carrying a deamidation at N373 could be detected.
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Figure S 5: Fragment spectra of wildtype (A) and deamidated (B) peptide FRSTMPGCSGYPNMN448L from
Gll.4 MI001 P dimer stored at pH 7.3 (1 year, 5°C).
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Figure S 6: Fragment spectra of wildtype (A) and deamidated (B) peptide STDTSN33SDFETGQNTRF from
Gll.4 MI001 P dimer stored at pH 7.3 (1 year, 5°C).
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Figure S 7: Fragment spectra of wildtype (A) and deamidated (B) peptide N2**SRFPIPLEKL from Gll.4

MIOO1 P dimer stored at pH 7.3 (1 year, 5°C).
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Figure S 8: Fragment spectra of deamidated peptide STDTEN33DFETHQ from GlI.4 Saga P dimer stored
at pH 7.3 (more than 2 years, 5°C). Due to the low abundance wildtype N373 peptides did not get selected

for fragmentation in the mass spectrometer and could therefore not be identified in the automated peptide

search in MaxQuant. Therefore, MS data was searched manually for wildtype peptide precursors, which led

to the identification of approximately 12 % N373 wildtype peptides.
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Figure S 9: Fragment spectra of peptides LRISDND37DF from GIl.17 Kawasaki P dimer (A) and
STWETQ3*DVSSGQPTKF from GII.10 Vietnam P dimer (B). Both strains retain their wildtype sequence at

the Gll.4 N373 equivalent positon, even after more than a year of storage at 5°C.
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1.3 Native MS

—— Monomer
Gll.4 Saga wt M7+ f16+ — Dimer
i ' Tetramer 34 2kDa
, 1 68 1kDa
18+ , i 15+ 136.3kDa
12e  Toooe 0 W W M e o5 24
Gll.4 Saga deamidated 17+
34 2kDa
68.1kDa
19 18+ 16+ 136.3kDa
! 10+ ' _ } 25+
T N WY | G & W | 26+ " 24+
GlI.4 MI0OT wt 7+ 16+
_, ! 68.4kDa
| '. 136.9kDa
18+ | [
A L 13' 26+ 2" 24+ g3
GlI.4 MI001 deamidated | 17+
| 34 2kDa
16+ 68 4kDa
| t .
12+ 1+ 18+ ii ;;E 136.9kDa
N '- 10+ f i I\ 15+ 26+ oY 24+ 4,
GlI.17 Kawasaki [17+
18+ | 69.0kDa
| | :6" 138.1kDa
19+ | i
L ;K Iy 15+ o7+ 26+ 25+ 24+
l At
GII.10 Vietnam |16+
) 15+ 34 8kDa
17+ . .;Ii 69 5kDa
10+ il i \ 14+
T+ o AN \
2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400
miz

Figure S 10: Native mass spectra of different human norovirus P domain samples. Gll.17 Kawasaki, GII.10

Vietnam, wildtype Gll.4 MI0O01 and wildtype Gll.4 Saga P domains are present as dimers with the expected

molecular masses, apart from unspecific tetramers formed during the ESI process. Both deamidated Gll.4
P domains (100 % deamidated Gll.4 Saga and 64 % deamidated Gll.4 MIOO1) are also present as
monomers. No native MS data is available for the partially (88 %) deamidated Gll.4 Saga P dimer.
Quantification of the individual species in each strain can be found in Table S1.
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Table S 2: Fractions of P monomers, dimers and tetramers from native MS (Figure S10)

Strain Monomer Dimer Tetramer
fraction fraction fraction
(%) (%) (%)
|
Gll.4 Saga deamidated (100%) 32 60 8
[
Gll.4 Saga wildtype 0 100 0
|
Gll.4 MI001 deamidated (64%) 16 80 4
[
Gll.4 MI001 wildtype 0 91 9
|
GII.17 Kawasaki 0 100 0
GII.10 Vietnam 4 96 0
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1.4 Analysis of bimodal spectra

A Gll.4 MI001 (deam) peptide 375-402 binomial fitting B peptide 375-402 uptake plots
unbound fucose 14+
100+ 100+ —_
M - M\ -
2 80 1 min 2 80 1 min E 104 /
2 E s
9 60 9 60 o 84
E J E g 64
2 40 $ a0 o
k: 8 £ Y :
[
2 201 ,[ 2 201 'E‘: 24 —_— ]
100 100+ _ 0.1 1 10 100 1000
/\\ . / \ . time (min)
> 80 10 min > 801 \ 10 min
2 60+ 9 604 unbound bubble plot
E £ — 14
2 40 2 40 a
K k] o 12
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Figure S 11: Peptide HDX data analysis example for binomial fitting of bimodal spectra. A) Binomial fitting

with bimodal deconvolution was applied in HXExpress resulting in a low (orange, red) and a high (green,

violet) deuterated peak distribution for every state and time point. B) Deuteration values for the individual

peak distributions can be visualized as uptake plot and significant differences between the unbound and

ligand-bound state can be statistically analyzed. The relative deuterium uptake for each peak distribution

can also be displayed as bubble plot, where the circle area corresponds to the relative intensity of the

individual peak distribution at a given time point. Here, constant intensity ratios over time point towards the

presence of two conformationally distinct protein subpopulations.
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Table S 3: Representative uptake plots for peptides with significant deuteration differences according to
Table 1.

Region with | Bimodal peak | Representative Uptake Plot

significant distribution
] (centroid analysis for unimodal peak distributions, individual
changes in

HDX binomial fitting of both peak distributions (1st, 2"d) for bimodal peak
distributions)

GII.10 Vietnam P dimer + 100 mM fucose

No
311-330
5_
— —e— unbound
(]
= 4 —o— fucose
)
X
©
S 34
311-336 2
£
3 27
S
3
3 -
a
0-—|—|-|-rrrrr|—|—l-l-rrrrr|—|—|-rrrn1'|—|—|-rrrrrr|
0.1 1 10 100 1000
time (min)
Yes
336-359
104
. —e— 2nd unbound
8 9 -e- 2nd fucose
Q
® 8-
k-
337-364 ; 7
=
5 g: —e— 1st unbound
3 2 — 1st fucose
o 14 /
0_
0.1 1 10 100 1000
time (min)
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Yes

379-399
8_
- —e— 2nd unbound
% 7 -e- 2nd fucose
® 67
a
379-399 ; 5
2
5 4': —e— 1st unbound
§ 14 I\_i,, 3 1st fucose
(]
0-—|—|-|-rrrrr|—|—|-rrrrrr|—l—l-rrrrrr|—l—l-rrrrrr|
0.1 1 10 100 1000
time (min)
No
442-458
5_
— —e— unbound
a 44 - fucose
£
©
S 34
442-458 2
£
3 27
S
3
2 11
o
0-—|—|-|-rrrrr|—|—|-|-rrrrr|—|—|-|-rr|11'|—|—|-rrrrrr|
0.1 1 10 100 1000
time (min)
GII.10 Vietnam P dimer + 10 mM B trisaccharide
Yes
336-361
A"' -~ 2nd unbound
2 104 -~ 2nd B tri
Q
w 9-
a
336-361 ; 8
=]
E g: —— 1st unbound
ERR _e—t 1st B tri
o 14 =
0_
0.1 1 10 100 1000
time (min)
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Yes
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. 8] —e— 2nd unbound
a -~ 2nd B tri
o 71
X
S
2 o
3
=)
55T —=— 1st unbound
ERR - 1st B tri
[}) = N
K 3 ]
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1.5 Woods Plots
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Figure S 12: Woods plots for HDX-MS experiments with partially deamidated P dimers. Depicted are
deuteration differences from centroid analysis at different labeling time points in individual comparison
experiments (A,B: unbound - ligand; C: wild type — partially deamidated protein without ligand). The AD
threshold represents 2 x pooled standard deviation of the individual dataset. Arrows indicate regions with
bimodal spectra (orange) and regions with significant deuteration differences (black). Significance was
assessed via passing the AD threshold and Student’s t-Test with p<0.05 as well as validating deuteration
differences for bimodal spectra with binomial fitting (Table S 3). Due to strong bimodality especially in the
fucose datasets, not all regions that pass the AD threshold are considered statistically significant after
manual validation. G1/2 indicates regions with significant deuteration differences that contain known glycan

binding sites (Table 1 main manuscript).
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Figure S 13: Woods plots for HDX-MS experiments with partially deamidated P dimers. Depicted are

deuteration differences from centroid analysis at different labeling time points in individual comparison

experiments (unbound - ligand). The AD threshold represents 2 x pooled standard deviation of the individual
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dataset. Arrows indicate regions with bimodal spectra (orange) and regions with significant deuteration
differences (black). Significance was assessed via passing the AD threshold and Student’s t-Test with
p<0.05 as well as validating deuteration differences for bimodal spectra with binomial fitting (Table S 3).
Due to strong bimodality especially in the fucose datasets, not all regions that pass the AD threshold are
considered statistically significant after manual validation. G1/2 indicates regions with significant deuteration
differences that contain known glycan binding sites and G3/4 indicates the two additional fucose binding

sites only seen in GlI.10 Vietnam P dimers (Table 1 main manuscript).

1.6 MD simulations
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Figure S 14: Solvent accessible surface area calculations for Gll.4 Saga, GlI.4 MI001, GII.17 Kawasaki and
GII.10 Vietnam. Blue peaks describe an increase of surface area per residue, whilst red peaks represent a

decrease of the area throughout the simulations as compared to the initial structure.
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Figure S 15: RMSD of the Gll.4 Saga, GIl.4 MI001, GII.17 Kawasaki and GII.10 Vietham P dimer strains.

528



—— Gll.4 Saga

Gll.4 MI001 —— GII.17 Kawasaki

Gll.10 Vietnam

Figure S 16: Overlaid peptide chains of Gll.4 Saga, GlI.4 MI001, Gll.17 Kawasaki and GII.10 Vietham reveal
differences in the peptide chains around residue 250 (A), 300 (B) and 424 (C). These areas of interest were
chosen according to higher fluctuation observed in the RMSF data (figure 5 in the main manuscript). Unlike
the loop around residue 350 (figure 6 in the main manuscript), which features a small helix in the GII.10
Vietnam strain, conformations depicted in this image show only smaller differences between the different

strains. Fucose can be observed in panel B yellow-colored.
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Figure S 17: RMSD of Gll.4 Saga NN (A), iDN (B) and iDiD (C) P dimers, pristine and complexed by fucose.
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Figure S 18: RMSF (A) and the solvent accessible surface area (B) of NN-Saga without and complexed by

fucose. Bold characters in the legends in panel B relate to the protein chain presented by the data.
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Figure S 19: RMSF (A) and the solvent accessible surface area (B) of iDN-Saga without and complexed by

fucose. Bold characters in the legends in panel B relate to the protein chain presented by the data.
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Figure S 19: continued.
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Figure S 20: RMSF (A) and the solvent accessible surface area (B) of iDiD-Saga without and complexed by
fucose. Bold characters in the legends in panel B relate to the protein chain presented by the data.
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2 HDX figures and tables

2.1 Peptide coverage maps

BN GlI.17 Kawasaki P dimer + 10 mM HBGA B trisaccharide (97 % sequence coverage)
Bl GIl.17 Kawasaki P dimer + 100 mM fucose (97 % sequence coverage)
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Figure S 21: GIl.17 Kawasaki P domain effective peptide coverage map for HDX-MS experiments with
HBGA B trisaccharide (orange) or fucose (grey). The N-terminal GPGs sequence was introduced during
cloning, so that the first GII.17 P domain residue is K225. Sequence coverage is shown for two individual
HDX-MS datasets with either B trisaccharide or fucose. Sequence coverage after peptide identification was
99 %.
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B GIl.10 Vietnam P dimer + 10 mM HBGA B trisaccharide (89 % sequence coverage)
Bl GIl.10 Vietnam P dimer + 100 mM fucose (91 % sequence coverage)
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Figure S 22: GII.10 Vietnam P domain effective peptide coverage map for HDX-MS experiments with HBGA
B trisaccharide (orange) or fucose (grey). Peptides for region 259-284 were identified in the non-deuterated
sample, but data quality in the deuterated samples was insufficient to be included in the HDX MS analysis.
The N-terminal GPG sequence was introduced during cloning, so that the first GII.10 P domain residue is
S224. Sequence coverage is shown for two individual HDX-MS datasets with either B trisaccharide or

fucose. Sequence coverage after peptide identification was 96 %.
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B GIl.4 MI001 (wt) P dimer + 10 mM HBGA B trisaccharide (96 % sequence coverage)
mm Gll.4 MI001 (wt) P dimer + 100 mM fucose (96 % sequence coverage)
B Gll.4 MI001 (wt) P dimer + 100 mM fucose (87 % sequence coverage, single time points)
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Figure S 23: Gll.4 MI0O01 wildtype P domain effective peptide coverage map for HDX-MS experiments with
HBGA B trisaccharide (orange) and fucose (triplicate measurement (grey) or single measurement (blue)).
Peptides covering the N373 deamidation site were identified in the non-deuterated sample, but data quality
in the deuterated samples was insufficient to be included in the HDX-MS analysis. The N-terminal GPGs
sequence was introduced during cloning, so that the first Gll.4 P domain residue is K225. Sequence
coverage is shown for two individual HDX-MS datasets (triplicate measurement of P dimer + B trisaccharide
or fucose, single replicate measurement of P dimer + fucose). Sequence coverage after peptide

identification was 100 %.
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B Gll.4 MI001 (partially deam) P dimer + 100 mM fucose (96 % sequence coverage)
Bl Gll.4 MI001 P dimer wt vs. deam (95 % sequence coverage)
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Figure S 24: GIl.4 MIO01 partially deamidated P domain effective peptide coverage map for HDX-MS
experiments with fucose (orange) and a comparison of wild type and partially deamidated P dimer without
ligand (grey). Peptides covering the N373 deamidation site were identified in the non-deuterated sample,
but data quality in the deuterated samples was insufficient to be included in the HDX-MS analysis. The N-
terminal GPGs sequence was introduced during cloning, so that the first Gll.4 P domain residue is K225.
Sequence coverage is shown for two individual HDX-MS datasets. Sequence coverage after peptide

identification was 100 %.
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BN Gll.4 Saga (partially deam) P dimer + 100 mM fucose (97 % sequence coverage)
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Figure S 25: Gll.4 Saga partially deamidated P domain effective peptide coverage map for the HDX-MS
experiment with fucose. Peptides covering the N373 deamidation site were identified in the non-deuterated
sample, but data quality in the deuterated samples was insufficient to be included in the HDX-MS analysis.
The N-terminal GPGs sequence was introduced during cloning, so that the first Gll.4 P domain residue is

K225. Sequence coverage after peptide identification was 100 %.
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2.2 HDX summary tables

Table S 4: HDX summary tables for all datasets according to HDX-MS community recommendations
(Masson, G.R., et al., Nat Methods, 2019. 16(7): p. 595-602).

* Back-exchange values might be overestimated in some datasets due to inconsistencies in P dimer FD
sample preparation. Back-exchange from fully deuterated model peptides (T9) provides a more accurrate
estimate of back-exchange in the HDX-MS setup.

T1

Data Set

HDX reaction details

unbound

GII.10 Vietnam P dimer

100 mM fucose

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

FD model peptides in T9

Redundancy

Back-exchange (mean) NA

# of Peptides 117 117
Sequence coverage 91% 91%
Average peptide length / 159/5.8 159/5.8

standard deviation)

Repllc'ates (biclogical - or 3 (technical) 3 (technical)
technical)
Repeatability (average

0.1 0.073

Significant differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.25 (2x pooled average SD), delta D > 0.55 (99%
percentile) for 8h time point single measurement, manual validation in case
of bimodality

T2

Data Set

HDX reaction details

GII.10 Vietnam P dimer

unbound 10 mM HBGA B trisaccharide

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 24 h, buffer 20 mM Tris, 6 M
urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

50 + 15 % (FD protein)*

standard deviation)

# of Peptides 126 126
Sequence coverage 89% 89%
Average peptide length /

Redundancy 16.4/6.49 16.4/6.49
Repllc'ates (biological - or 3 (technical) 3 (technical)
technical)

Repeatability (average

0.12 0.178

Significant  differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.43 (2x pooled average SD), manual validation
in case of bimodality
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T3

Data Set

HDX reaction details

GIl.17 Kawasaki P dimer

unbound 100 mM fucose

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 72 h, buffer 20 mM Tris, 6 M
urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

64 + 11 % (FD protein)*

# of Peptides 89 89
Sequence coverage 97% 97%
Average peptide length / 163/ 4.69 163/ 4.69

Redundancy

Repllc'ates (biclogical - or 3 (technical) 3 (technical)
technical)
Repeatability (average

standard deviation)

0.057 0.083

Significant  differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.20 (2x pooled average SD), manual validation
in case of bimodality

T4

Data Set

HDX reaction details

GIl.17 Kawasaki P dimer

10 mM HBGA B trisasccharide
20 mM Tris, 150 mM NaCl, pH 7, 25 °C

unbound

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 72 h, buffer 20 mM Tris, 6 M
urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

58 + 14 % (FD protein)*

# of Peptides 84 84
Sequence coverage 97% 97%
Average peptide length / 16.1/4.36 16.1/4.36

Redundancy

Repllc'ates (biclogical - or 3 (technical) 3 (technical)
technical)
Repeatability (average

standard deviation)

0.115 0.157

Significant differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.39 (2x pooled average SD), manual validation
in case of bimodality

T5

Gll.4 MI001 P dimer wildtype
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Data Set

HDX reaction details

unbound

10 mM HBGA B trisasccharide

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 72 h, buffer 20 mM Tris, 6 M

urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

47 +£12 % (FD protein)*

# of Peptides 100 100
Sequence coverage 96% 96%
Average peptide length / 16.9/5.43 16.9/5.43

Redundancy

Replicates (biological or

technical)

3 (technical)

3 (technical)

Repeatability (average

standard deviation)

0.08

0.073

Significant differences in
HDX (delta HDX > X D)

Data Set

HDX reaction details

T test (p<0.05) and delta D > 0.22 (2x pooled average SD), manual validation

unbound

in case of bimodality
100 mM fucose
20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 72 h, buffer 20 mM Tris, 6 M

urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

47 + 12 % (FD protein)*

# of Peptides 100 100
Sequence coverage 96% 96%
Average peptide length / 16.9/5.43 16.9/5.43

Redundancy

Replicates (biological or

technical)

3 (technical)

3 (technical)

Repeatability (average

standard deviation)

0.08

0.09

Significant differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.23 (2x pooled average SD), manual validation

in case of bimodality

T6

Gll.4 MI001 P dimer wildtype
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Data Set

HDX reaction details

unbound 100 mM fucose

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

0.25, 1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 24 h, buffer 20 mM Tris, 6 M
urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

40 + 8 % (FD protein)*

# of Peptides 81 81
Sequence coverage 87% 87%
Average peptide length /

Redundancy 16.6 /4.34 16.6 /4.34
Repllc'ates (biclogical - or 1 (technical) 1 (technical)
technical)

Repeatability (average

standard deviation)

0.1 for FD (2 technical replicates) -

Significant differences in
HDX (delta HDX > X D)

delta D > 0.5 (99% percentile of dataset T5 with similar SD), manual validation
in case of bimodality

T7

Data Set

HDX reaction details

Gll.4 MI001 P dimer partially deamidated

unbound 100 mM fucose

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

Fully deuterated protein control, labeled for 72 h, buffer 20 mM Tris, 6 M
urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

41 + 13 % (FD protein)*

# of Peptides 123 123
Sequence coverage 96% 96%
Average peptide length /
Redundancy 15.0/5.94 15.0/5.94
Replicat biological

ep |c.a es  (biological - or 3 (technical) 3 (technical)
technical)
Repeatability (average

standard deviation)

0.074 0.079

Significant  differences in
HDX (delta HDX > X D)

T test (p<0.05) and delta D > 0.21 (2x pooled average SD), manual validation
in case of bimodality

T8

Gll.4 MI001 P dimer wildtype vs. partially deamidated
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Data Set

HDX reaction details

unbound (wt) (T5) unbound (deam) (T7)

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

1, 10, 60, 480

HDX control samples

fully deuterated protein control (FD T5 and T7) + FD model peptides in T9

Back-exchange (mean)

see T5 and T7 for FD protein

# of Peptides 69 69
Sequence coverage 95% 95%
Average peptide length /

Redundancy 16.4 / 3.65 16.4 / 3.65
Repllc'ates (biological - or 3 (technical) 3 (technical)
technical)

Repeatability (average

standard deviation)

0.081 0.072

Significant differences in
HDX (delta HDX > X D)

delta D normalized with FD controls ratio, T test (p<0.05) and delta D > 0.42
(99% percentile)

T9

Data Set

HDX reaction details

fully deuterated model peptides for HDX workflow quality control

Angiotensin | Bradykinin

20 mM deuterated Tris, 6 M GndHCI, pH 7, 25 °C, labeled for 24 h

HDX time course (min)

HDX control samples

fully deuterated peptide mix serves as general back exchange control for the
standard bottom-up HDX MS workflow

Back-exchange (mean)

23 + 1% (FD peptide) 32+ 2 % (FD peptide)

# of Peptides 1 1
Sequence coverage 100% 100%
Average peptide length /

10 9
Redundancy
Replicat biological
ep |c.a es  (biological or 2 (technical) 2 (technical)
technical)
Repeatability (average

standard deviation)

0.1 0.08

Significant  differences in
HDX (delta HDX > X D)

T10

Data Set

GIll.4 Saga P dimer partially deamidated

unbound 100 mM fucose
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HDX reaction details

20 mM Tris, 150 mM NaCl, pH 7, 25 °C

HDX time course (min)

0.25.1,10

HDX control samples

Fully deuterated protein control, labeled for 24 h, buffer 20 mM Tris, 6 M

urea, pH 7 + FD model peptides in T9

Back-exchange (mean)

37 £ 9% (FD protein)*

# of Peptides 78 78
Sequence coverage 97% 97%
Average peptide length /

Redundancy 18.2 /4.59 18.2 /4.59
Repllc.ates (biological or 3 (technical) 3 (technical)
technical)

Repeatablllty. _ (average 0.084 0.109
standard deviation)

Significant differences
HDX (delta HDX > X D)

in

T test (p<0.05) and delta D > 0.27 (2x pooled average SD)

2.3 MS-Viewer search keys

Table S 5: MS-Viewer search keys. Annotated fragment ion spectra of identified peptides can be viewed in

the MS-Viewer online tool at http://msviewer.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msviewer

Protein Deamidation status MS-Viewer search key
Gll.4 MI001 P domain wildtype widghx5vix

Gll.4 MI001 P domain partially deamidated svwlkyOtgx

Gll.4 Saga P domain partially deamidated adolnt1njh

GII.10 Vietnam 026 wildtype ycj8werllz

Gll.17 Kawasaki 308 wildtype 9n5zuotk1a
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2.4 Deuterium uptake plots
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Figure S 26: Centroid deuterium uptake plots for Vietnam P dimers (black) with 100 mM fucose (blue)

(dataset T1). Time points 1 min, 10 min, and 1 h were performed in triplicate, the 8 h time point with fucose

represents a single measurement. Error bars indicate the standard deviation (SD) of each triplicate analysis.

Deuteration values can be falsely low in centroid analysis of bimodal spectra. Compare Figure S 13 and

Table S 3 for assessment of statistically significant deuteration differences.
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Figure S 26: continued
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Figure S 27: Centroid deuterium uptake plots for Vietnam P dimers (black) with 10 mM HBGA B trisaccharide
(blue) (dataset T2). All time points (1 min, 10 min, 1 h and 8 h) were performed in triplicate. Error bars

indicate the standard deviation (SD). Deuteration values can be falsely low in centroid analysis of bimodal

spectra. Compare Figure S 13 and Table S 3 for assessment of statistically significant deuteration
differences.
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Figure S 28: Centroid deuterium uptake plots for Kawasaki P dimers (black) with 100 mM fucose (blue)

(dataset T3). All time points (1 min, 10 min, 1 h and 8 h) were performed in triplicate. Error bars indicate the

standard deviation (SD). Deuteration values can be falsely low in centroid analysis of bimodal spectra.

Compare Figure S 13 and Table S 3 for assessment of statistically significant deuteration differences.
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Figure S 28: continued
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Figure S 29: Centroid deuterium uptake plots for Kawasaki P dimers (black) with 10 mM HBGA B

trisaccharide (blue) (dataset T4). All time points (1 min, 10 min, 1 h and 8 h) were performed in triplicate.

Error bars indicate the standard deviation (SD). Deuteration values can be falsely low in centroid analysis of

bimodal spectra. Compare Figure S 13 and Table S3 for assessment of statistically significant deuteration
differences.
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Figure S 29: continued

238-249 250-257 250-268
~=-B tri; ide - ~a-B tri: ide - ~a-B tri: ide
8.0
3.0 4 5.0 4
- - _ 7.0+
825 - g 2
< e 4.0 e 6.0 ,/,—-—I——‘_d
s 2.0 s .—.—.——4. ® 5.0 -
a 8 3.0 8
3 3 3 i
£ 15 £ £ 4.0
2 M 2 2.0 2 3.0 1
£ 1.0 1 2 2
é § 10 4 g 2.0 -
0.5 1 1.0
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
251-268 258-268 258-278
8.0 4 ~a-B tri ide -a-unb d ~a-B tri ide 6.0 4 -a-unb d ~a-B tri ide
4 3.0
70 . _.5.01
2 6.0 | /—f——u 8254 =
o o 4
g0 £ 20
540 4 s S 304
g 20 g 1.5 - g
= 2P = T 2.0
I 2 1.0 4 o
£,0 £ /__' :
3 3 3
0401 005 - a 1.0 -
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
269-278 269-284 269-285
b d ~a-B tri ide -s-unb d -a-B tri ide -a-unbound -=-B trisaccharide
4.0 ] 5.0 | 5.0
351 . -
S 30 g 407 840
£ £ £
® 2.5 ] 4 ]
£ £ 3.0 g 301
£ 209 £ £
2151 2204 220
2 2 2
3 1.0 § 3 >
o 2 1.0 4 S 1.0 4
Q45 | a a
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
273-285 286-304 287-304
4.0 - b d ~a-B tri haride -a-unbound -&-B trisaccharide -a-unbound -&-B trisaccharide
a5 8.0 1 8.0
—~ —_ ~ 7.0 1
830 570 1 5
2 ® 6.0 - > 6.0
x 25 | x x
] E50 £ 5.0 4
o o v o
5204 3 2404
E 15 E 4.0 g g
H ) H 3.0 H 3.0 4
§1.0* §20, §2.07
0.5 ¢ 1.0 4 1.0
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)

S76



305-329

g
o
.

Deuterium uptake (D)
w » (3]
©o o o
. . .

-
°
L

\

Deuterium uptake (D)

el
o

A

il
o

>
o

N
o

308-329 308-332
~=-B tri; ide =B tri; ide ~=-B tri: ide
8.0 q 6.0
~7.0 g 850
® 6.0 4 o ]
£ i S 40
559 g £
£ 4.0 4 £ £ 30
5307 s 520
320 ] 2
1.0 1.0
0.0 T T T T T T 0.0 T T T |
0.1 1.0 10.0 100.0 1.0 10.0 100.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
310-332 330-353 330-354
~a-B tri ide b d ~a-B tri ide 10.0 b d -a-B tri ide
6.0 q

rium uptake (D)
o o N ©
©o o oo
L

.0 10.0 100.0
Time (min)

e
o
a

\

Deuterium uptake (D)

el
o

\

d
o

>
o

»n
o

-

Time (min)

0.0 T T T T T T 0.0 T T T |
0.1 1.0 10.0 100.0 1.0 10.0 100.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
333-353 333-354 333-357
b d -8B tri ide b d ~a-B tri ide 100 -s-unbound -=-B trisaccharide
9.0 q :

o
o

.0 10.0 100.0 1000.0

-

.0 10.0 100.0 1000.0
Time (min)

334-353

b d ~a-B tri haride

9.0 -
8.0
7.0
6.0
250+
€ 4.0

take (D)

\

2.0 4

Deuteriui

0.0 T

take (D)

\
\

Deuteriui

0.1

-

Time (min)

Figure S 29: continued

334-354

-a-unbound -=-B trisaccharide

.0 10.0 100.0 1000.0

-

Time (min)

354-366

-a-unbound -=-B trisaccharide

.0 10.0 100.0 1000.0

-

.0 10.0 100.0 1000.0
Time (min)

S77



Figure S 29: continued
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Figure S 30: Centroid deuterium uptake plots for wildtype MIO01 P dimers (black) with 10 mM HBGA B
trisaccharide (blue) and 100 mM fucose (light blue) (dataset T5). All time points (1 min, 10 min, 1 h and 8 h)
were performed in triplicate. Error bars indicate the standard deviation (SD). Deuteration values can be

falsely low in centroid analysis of bimodal spectra, especially in the fucose state. Compare Figure S 13 and

Table S3 for assessment of statistically significant deuteration differences.
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Figure S 30: continued

287-298 287-303 299-303
-s-unb d -=-B tri haride fucose -a-unbound -e-B trisaccharide fucose b d -s-Btri haride fucose
6.0 J 7.0
6.0 2.0 |
g 50 1 =) g
e | e 5.0 215
540 £ 4.0 - g
8.l B4 &
g T E 3.0 - | E 101
§20 £ 20 | : g
é 1.0 § g 0.5
01 1.0 4 ; e
0.0 . , . ) 0.0 . , . ) 0.0 : T . )
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
304-326 317-334 327-334
-s-unb d -=-B tri ide fucose -s-unbound -e-B trisaccharide fucose ~a-B tri ide fucose
8.0 q 3.5 4 25
5701 .—"“7——0_'-" g 3.0+ g, 0
2607 2,5 2"
] s <2 ]
339 % 3 ) 520 | 815
g 40 £ €
230 2151 £10
s £ 401 » 2 o
5201 3" gos = T
1.0 0.5 q
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
329-334 335-362 375-387
-a-unb d -=B tri ide fucose -s-unbound -#-B trisaccharide fucose d -s-Btri ide fucose
8.0 - 4.5
2.0
7.0 4 4.0
a | S604 Q35
o 1.5 @ FEY)
E: 5.0 i
-3 a 225
El 3 i El
:E, 1.0 4 £ 4.0 £ 20 .7__'/
3 el 515 o
305 3204 310
a _ _ - - S 1.0 - S os
0.0 T T T | 0.0 T T T | 0.0 T T T |
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)
375-402 384-402 403-423
~a-unb d -=-B tri ide fucose 70 -s-unbound -#-B trisaccharide fucose d -e-Btri ide fucose
9.0 q ]
8.0 6.0 1 7.0 4
270 2 3 6.0 -
870 3 5.0 - e
% 6.0 = X 5.0 |
3 5 4.0 4 3
250 4 ~ g 5 4.0 4
5409 ; i 5309 B Sa0]
5 30 § 20 £
2 22 <20
1.0 01 1.0 q
0.0 T T T " 0.0 T T T " 0.0 T T T "
0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0 0.1 1.0 10.0 100.0 1000.0
Time (min) Time (min) Time (min)

5§85
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Figure S 30: continued
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Figure S 30: continued
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Figure S 30: continued
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Figure S 31: Centroid deuterium uptake plots for wildtype MI001 P dimers (black) with 100 mM fucose (blue)
(dataset T6, extended pepsin column wash). All time points (15s, 1 min, 10 min, 1 h and 8 h) were performed

in single measurements. Error bars indicate the standard deviation (SD). Deuteration values can be falsely

low in centroid analysis of bimodal spectra. Compare Figure S 13 and Table S 3 for assessment of statistically

significant deuteration differences.
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Figure S 31: continued
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Figure S 31: continued
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Figure S 31: continued
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Figure S 31: continued
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Figure S 31: continued
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Figure S 32: Centroid deuterium uptake plots for partially deamidated MI0O01 P dimers (black) with 100 mM
fucose (blue) (dataset T7). All time points (1 min, 10 min, 1 h and 8 h) were performed in triplicate. Error
bars indicate the standard deviation (SD). Deuteration values can be falsely low in centroid analysis of

bimodal spectra. Compare Figure S 12 and Table S 3 for assessment of statistically significant deuteration
differences.
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Figure S 33: Centroid deuterium uptake plot comparison for wild type (black) and partially deamidated MI001
P dimers (orange) without any ligand (dataset T8). All time points (1 min, 10 min, 1 h, 8 h) were performed

in triplicate. The ratio of the FD controls from wildtype and deamidated measurements was used for

normalization to account for different back exchange levels between the two datasets. Error bars indicate

the standard deviation (SD). Deuteration values can be falsely low in centroid analysis of bimodal spectra.

Compare Figure S 12 for assessment of statistically significant deuteration differences.
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Figure S 34: Centroid deuterium uptake plots for partially deamidated Saga P dimers (black) with 100 mM
fucose (blue) (dataset T10). All time points (15 s, 1 min and 10 min) were performed in triplicate. Error bars
indicate the standard deviation (SD). This dataset did not show bimodality. Compare Figure S 12 and Table
S 3 for assessment of statistically significant deuteration differences.
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Figure S 34: continued
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Figure S 34: continued
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Figure S 34: continued
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Figure S 34: continued
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