Supplementary Table 1. Crystallographic data collection and refinement statistics (molecular

replacement).

FH19-20/C3b TED/GM1, 4ZH1.pdb

Data collection®

Beamline XO06DA (SLS)
Wavelength (A) 1.00
Space group P1

Cell dimensions

a, b, c (A) 75.77,82.57, 85.57
a, B,y (°) 112.97, 111.43, 99.63
Resolution (A) 50.0-2.24 (2.30-2.24)
Rmeas (%0) 6.1 (74.3)

1o (l) 15.63 (1.99)
Completeness (%) 97.6 (97.1)
Redundancy 3.5(3.4)

Wilson B (A% 54.9

Refinement

Resolution (A) 46.18-2.24

No. reflections 79286

Rwork / Rfree 18.09/22.84

No. Atoms

Protein 9693

Ligand 158!

Water 448

B-factors (A?)

Protein 66.9
Ligand 84.8"
Water 61.2

R. m. s. deviations

Bond length (A) 0.012

Bond angles (°) 1.39




[l Values in parentheses are for highest-resolution shell. ' GM1, and glycerol. B-factors for
GM14 range from 76.3 A?for chain E to 108.6 A®for chain F which is loosely packed and not

built to completeness due to insufficient density.



Supplementary Table 2. Crystal structures of proteins in complex with GM1,4 or larger glycans

comprising GM14 with torsion angles for the GM1-like NeubAca2-3Gal linkage. Psi was approx-

imated by subtracting 120° from the measured torsion (C2-0O3-C3-C4). Only structures with

correctly annotated mtz files in the protein data bank were used and densities were individually

evaluated.
Protein glycan | PDB code Phi [°] Psi[°] conformation
/chain | (c1-c2-03- | (C2-03-C3-
C3) H3)
Human galectin-3
(Bian et al., 2011) GM1 3AYC/B 190.3 -23.3 tC1
Fuman complement factor | - gy | 4zH1 /b 300.5 -18.4 tC3
4ZH1/ E 298.6 -16.6 tC3
4ZH1 / F 309.0 -16.8 tC3
Agrocybe aegerita lectin i
(AAL) (Feng et al., 2010) GM1 3M3Q /A 190.3 26.4 tC1
Botulinum type A neuro-
toxin (Stenmark et al., GT1b 2VU9 / A 301.6 -19.5 tC3
2008)
Botulinum type B
neurotoxin (Berntsson et GDla | 4KBB/A 178.6 3.1 tC1
al., 2013)
B 202.7 -34.3 tC1
Cholera toxin B pentamer
(Merritt et al., 1997) GM1 2CHB /D 189.0 -28.1 tC1
E 188.2 -17.4 tC1
F 190.0 -34.5 tC1
G 184.4 -27.2 tC1
H 188.2 -27 tC1
Cholera toxin B G33R
mutant pentamer (Merritt GM1 1CT1/F 173.8 -30.6 tC1
et al., 1997)
G 175.3 -44.4 tC1
Cholera toxin B
pentamer®(Merrittetal., | GM1 | 3CHB/E 191.6 -18.3 tC1

1998)




H 183.1 143 tC1
E.coli heat-labile entero-
toxin B pentamer GM1 2XRQ /D 160.0 324 tC1
(Holmner et al., 2011)
E 185.7 102 tC1
F 165.2 9.5 {C1
G 170.2 10.3 tC1
H 1771 1 {C1
E.coli EcxAB toxin (Ng et | v | 4167/B 188.6 -20 tC1
al., 2013)
C 194.6 -20.3 tC1
D 192.4 21.2 {C1
E 189.1 19.2 tC1
F 189.7 21.2 {C1
Simian Virus 40 VP1
pentamer (Neu et al., GM1 3BWR /A 187.0 -21.9 tC1
2008)
C 182.6 20.4 tC1
E 180.9 187 {C1
Jc(g"t?gﬁlefg:?’,ozrg?‘g)rus GM1 | 4X14/B 189.7 -22.3 tC1
C 190.4 16 {C1
D 1985 277 tC1
t ;pce zo('é‘t)rrgﬁ‘gt”fl ,gggi;,) GM1 | 4X0Z/B 189.9 -19.7 tC1
C 187.2 -16.2 {C1
D 195.9 21.8 tC1
Adenovirus 37 fiber knob | 15 | 30178 298.9 148 tc3

(Nilsson et al., 2011)

[ Only chains with sufficient density to support modeling of the Neu5Aca2-3Gal disaccharide are

listed.




Supplementary Table 3. Crystal structures of proteins in complex with GM34 with torsion an-

gles of the NeuSAca2-3Gal linkage. Psi was approximated by subtracting 120° from the meas-

ured torsion (C2-0O3-C3-C4). Only structures with correctly annotated mtz files in the protein

data bank were used and densities were individually evaluated.

Protein glycan | PDB code Phi [°] Psi[°] conformation
/ chain (C1-C2-03- | (C2-03-C3-
C3) H3)
Human galectin-8
GM3 3VKM /A 296.1 9.0 tC3
(Yoshida et al., 2012)
3VKM /B 293.1 9.5 tC3
Human galectin-3 CRD
K176L mutant GM3 | 4LBL/A 312.0 5.3 {C3
(Collins et al., 2014b)
Human Siglec-5 (CD170)
GM3 2ZG3 /A 299.1 -18.1 tC3
(Zhuravleva et al., 2008)
Complement factor H
GM3 40NT /D 286.8 -12.1 tC3
(Blaum et al., 2014)
40NT / E 291.2 -16.6 tC3
A0NT/ F 308.4 -19.2- tC3
Murine sialoadhesin
GM3 1QFO /A 290.1 -18.0 tC3
(May et al., 1998)
1QFO /B 290.5 -22.1 tC3
Maackia amurensis
leukoagglutinin GM3 | 1DBN/A 289.5 2.1 {C3
(Imberty et al., 2000)
1DBN /B 289.7 2.1 tC3
Superantigen-like protein
from Staphylococcus 3'SLN | 4RGT/A 290.1 -19.1 tC3
aureus'
4RGT /B 288.7 -18.3 tC3
Endo-glycoceramidase Il
from Rhodococcus sp. | gpm3 | 208X/ A 292.3 1.2 tC3

(Caines et al., 2007)




Vibrio cholerae sialidase

(Connaris et al., 2009) GM3 2W68 / A 298.3 -23.1 tC3
2W68 /B 279.1 -26.2 tC3
2W68/C 297.0 -30.0 tC3

Botulinum type C neuro-
toxin GM3 | 4EN6/B 187.2 -38.5 tC1
(Yamashita et al., 2012)
Botulinum type A neuro-
toxin GM3 | 4LO5/B 278.2 -21.3 tC3
(Lee et al., 2013)
Murine Polyomavirus
GM3 1SID/A 321.0 1.3 tC3
(Stehle et al., 1994)
1SID/B 298.8 12.6 tC3
1Ssib/C 302.5 15.1 tC3
1SID/D 320.4 -2.6 tC3
1SID/E 310.2 6.1 tC3
1SID/F 322.6 -6.5 tC3
Monkey B—Iymphotrc?[])ic
H a
polyomavirus VP1 3SLN | 4MBY /A 300.9 -28.0 {C3
(Neu et al., 2013)
Human polyor[D]avirus V9
VP1 3SLN | 4POS/A 297.0 21.4 tC3
(Khan et al., 2014)
4POS /B 297.9 -20.0 tC3
4POS /D 295.8 -20.0 tC3
4POS/E 295.9 -23.9 tC3
4POS/F 297.8 -22.0 tC3
4POS /G 295.9 -23.2 tC3
4POS / H 300.6 -23.2 tC3
4POS /1 299.1 -24.5 tC3
4POS /J 292.4 -19.4 tC3
Adenovirus 37 fibre knob GM3 1UXATA 297.3 -11.5 tC3




(Burmeister et al., 2004)

GM3 1UXA /B 305.8 -10.4 tC3
T3D reovirus sigmal
GM3 3S6X /A 180.2 -22.0 tC1
(Reiter et al., 2011)
3S6X /B 175.4 -12.8 tC1
3S6X/C 300.0 -28.3 tC1
T1L reovirus sigmal
GM3 4GU4 | A 187.2 -38.5 tC1
(Reiss et al., 2012)
4GU4 /B 192.8 -20.6 tC1
4GU4/C 192.7 -19.7 tC1
CRW-8 rotavirus VP8*
GM3 3SIT/A 208.3 -18.0 tC1
(Yuetal., 2011)
3SIT/B 298.5 -14.0 tC1
Avian influenza virus H1
haemagglutinin GM3 | 3HTT/A 187.0 343 tC1
(Lin et al., 2009)
Avian influenza virus H7
haemagglutinin® (2003) | 3.5 N | 3msH /A 205.8 58.9 tC1
(Yang et al., 2010)
3M5H / E 155.3 0.7 tC1
Avian-origin influenza
virus H1 haemagglutinin
(2009) 3'SLN | 3uBQ/C 183.5 -5.5 tC1
(Xu et al., 2012)
3UBQ /1 174.0 -13.7 tC1
3UBQ /K 185.6 -12.8 tC1
Avian-origin human influ-
enza virus H7 ,
LNL
hemagglutinin (2013) 3 SN AKOM [ A 282.3 -3.8 tC3
(Shi et al., 2013)
Human influenza virus
mutant H5 hemagglutinin | 3:q) N | 4cQw /A 187.3 145 tC1

(Xiong et al., 2013)




4CQW/C 190.8 -20.9 tC1

4CQW / E 199.3 -26.4 tC1

Canine influenza virus H3
haemagglutinin (2004) | 3 N | 4uos5/A 156.2 21.4 tC1
(Collins et al., 2014a)

4U05/C 1715 8.5 tC1

4UO5/ E 168.0 7.8 tC1

Equine influenza virus H3
P [a]

haemagglutinin (2004) 4U01/ A 136.9 30.8 tC1

(Collins et al., 2014a)

4U01/C 159.1 3.0 tC1

Seal influenza virus H3
haemagglutinin (2011) | 3g N | awA2/A 197.4 -38.8 tC1
(Yang et al., 2015a)

4WA2 /B 190.4 -24.9 tC1
4WA2/C 181.7 -21.0 tC1
AWA2 | E 188.6 -23.3 tC1
Seal influenza virus H3
hemagglutinin ther tC1
: neither t
A/Taiwan/1/2013 3'SLN | 4WSU /A 229.4 -105.9 nor tc3ld
(Yang et al., 2015b)
Avian-origin human influ-
enza virus H6
haemagglutinin (2013) 3'SLN | 4XKE/A 299.4 -12.9 tC3
(Tzarum N 2015)
Avian-origin influenza
virus mutant H5
haemagglutinin 3'SLNS | 5AIM /A 297.7 -20.1 tC3

(Xiong et al. 2015)

[ Only chains with sufficient density to support modeling of the Neu5Aca2-3Gal disaccharide are
listed.

' There is a complex with GM3 in the database (4POR.pdb) which was omitted because the sugar
binding is almost identical between the GM3 and 3'SLN complexes.

I To be published.

[ Gal ring appears incorrectly placed.
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Supplementary Figure 1. Conformational Gibbs free energy ¢/y Maps for free GM1, calculated sepa-
rately for frames belonging to tC1 (¢ = 190°, ¢ = -30°) and tC3 (¢ = -65°, @ = 0°) minima of the
Neu5Aca2-3Gal glycosidic linkage (¢ = C1-C2-03-C3, ¢ = C2-03-C3-H3). The tolerance for assigning
the frames was 30°. Definition of the torsions used for calculation of the maps: ¢ = H1-C1-Ox-Cx, ¢ =

C1-Ox-Cx-Hx (x = linkage position).
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Supplementary Figure 2. Trajectories of phi and psi angles during simulation of the Neu5Aca2-3Gal

glycosidic linkage in GM1,.
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