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Figure S1. STD NMR analysis of pentasaccharide (1) in interaction with AT conducted in D20 buffer
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pentasaccharide (1)-AT mixture in D20
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Figure S2. STD NMR analysis of pentasaccharide (1) in interaction with AT conducted in H2O buffer
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Superimposition of the STD NMR spectrum (red line) and the reference spectrum (black line) of the
pentasaccharide (1)-AT mixture in H20
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Figure S3. STD NMR analysis of pentasaccharide (2) in interaction with AT conducted in D20 buffer

Superimposition of the STD NMR spectrum (red line) and the reference spectrum (black line) of the
pentasaccharide (2)-AT mixture in D20
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Figure S4. STD NMR analysis of pentasaccharide (2) in interaction with AT conducted in H2O buffer

Superimposition of the STD NMR spectrum (red line) and the reference spectrum (black line) of the
pentasaccharide (2)-AT mixture in H.0



Table S1. Absolute and relative STD percentages (STD %) of selected protons of pentasaccharide (1).

Pentasaccharide (1)-AT
Absolute STD % Relative STD %
Proton D20 H:0 D20 H:0
HIE 1.04 1.46 70 69
H2E 1.16 1.52 78 72
H5E 1.03 1.27 69 60
H1D 1.07 1.29 72 61
Hi1C 1.04 1.49 70 70
H2C 1.49 211 100 100
He6”C 1.22 1.58 82 75
H1B 0.95 1.37 64 65
H2B 1.21 142 81 67
H1A 0.98 1.38 66 66
H2A 1.42 1.65 95 78
H3A 1.31 1.57 88 74
OCH3(A) 1.22 1.63 82 77
Sum Sum
15.16 19.73

Table S2. Absolute and relative STD percentages (STD %) of selected protons of pentasaccharide (2).

Pentasaccharide (2)-AT
Absolute STD % Relative STD %
Proton D20 H:0 D20 H:20
HIE 2.01 2.10 76 90
H2E 2.14 1.59 81 68
H5E 1.93 1.59 73 68
HI1D 1.89 1.27 72 54
HiC 1.72 1.35 65 58
H2C 2.44 2.15 93 92
H6”C 1.74 1.32 66 57
H4B 1.45 1.00 55 43
H2A 2.63 2.34 100 100
OCHs3(A) 1.56 1.22 59 52
Sum Sum
19.50 15.94




Table S3. DEEP-STD NMR analysis using different solvents (D20/Hz0) of the pentasaccharide (1)-
AT and pentasaccharide (2)-AT complexes.

Pentasaccharide (1)-AT Pentasaccharide (2)-AT
STD STD
Proton | S0 STP% om0 asto | TP TP om0 astD
D0 H0 Ratio D0 H0 Ratio
HI1E 1.04 1.46 0.71 -0.05 2.01 2.10 0.96 -0.28
H2E 1.16 1.52 0.76 0.00 2.14 1.59 1.34 0.11
H5E 1.03 1.27 0.82 0.05 1.93 1.59 1.21 -0.02
H1D 1.07 1.29 0.83 0.06 1.89 1.27 1.48 0.25
Hi1C 1.04 1.49 0.70 -0.07 1.72 1.35 1.28 0.04
H2C 1.49 211 0.71 -0.06 2.44 2.15 1.14 -0.10
He6”C 1.22 1.58 0.78 0.01 1.74 1.32 1.31 0.08
H2A 1.42 1.65 0.86 0.09 2.63 2.34 1.12 -0.11
OCHj3(A) 1.22 1.63 0.75 -0.02 1.56 1.22 1.28 0.04
Sum Sum Average Sum Sum Average
10.71 13.99 0.77 18.05 14.94 1.24
St. Dev. St. Dev.
0.06 0.15

Table S4. 3Ju.1 coupling constants (Hz) of the sugar units of pentasaccharide (1) in the unbound state.

3JuH GI1cNS6S(E) GlcA(D) GIcNS356S(C) | IdoA2S5(B) GIcNS6S(A)
312 3.7 7.9 35 3.7 3.6

323 10.0 9.9 10.7 7.3 10.5

334 - - - - -

Jas - - - 3.1 -

Table S5. 3Jr.1 coupling constants (Hz) of the sugar units of pentasaccharide (2) in the unbound state.

3JuH GI1cNS6S(E) GlcA(D) GI1cNS3S65(C) IdoA(B) GIcNS6S(A)
312 3.7 7.9 35 - 35

323 9.9 9.3 10.6 - 10.6

334 - - - - -

345 - - - 25 -
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Figure S5. NOESY spectrum of pentasaccharide (1) [panel (a)]. Tr-NOESY spectrum of
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Figure S6. NOESY spectrum of pentasaccharide (2) [panel (a)]. Tr-NOESY spectrum of
pentasaccharide (2) interacting with AT [panel (b)].
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Table S6. H1-H2 NOEs and tr-NOEs of GIcNS6S(E, C, A) of pentasaccharide (1) in the unbound and
AT-bound states. The mixing time (Tmix) is reported in seconds. The NOE and tr-NOE intensities are
in percentage.

GICNS6S(E) GIcNS3565(C) GICNS6S(A)
NOE tr-NOE NOE tr-NOE NOE tr-NOE
T HI-H2 HI-H2 HI-H2 H1-H2 H1-H2 HI-H2
0.15 41 94 44 9.6 44 8.4
0.3 8.7 206 8.6 19.2 6.8 18.1
05 143 352 14.0 313 121 316

Table S7. H1-H2 NOEs and tr-NOEs of GIcNS6S(E, C, A) of pentasaccharide (2) in the unbound and
AT-bound states. The mixing time (Tmix) is reported in seconds. The NOE and tr-NOE intensities are
in percentage.

GIcNS6S(E) GIcNS3565(C) GIcNS6S(A)

A NOE tr-NOE NOE tr-NOE NOE tr-NOE
T Hi1-H2 Hi1-H2 Hi1-H2 H1-H2 H1-H2 H1-H2
0.15 4.1 9.4 53 8.8 4.2 8.4
0.3 8.7 20.2 8.0 17.8 73 18.2
0.5 14.3 34.9 13.1 27.4 11.6 33.1

Table S8. H5-H2 and H5-H4 NOEs and tr-NOEs of IdoA(B) of pentasaccharide (2) in the unbound
and AT-bound states. The mixing time (Tmix) is reported in seconds. The NOE and tr-NOE intensities
are in percentage. The ratio H5-H2/H5-H4 is shown in brackets.

IdoA(B)
NOE tr-NOE
Tumix H5-H2/ H5-H2/
H5-H4 H5-H4
0.15 0.8/32(0.3) | 5.1/7.1(0.7)
10.5/15.4
03 1.7/6.5 (0.3)
0.7)
16.9/25.9
05 3.2/11.0 (0.3)
0.7)

Table S9. H1-H6 and H1-H4 interglycosidic NOEs and tr-NOEs characterizing the backbone
conformation of pentasaccharide (1) in the unbound and AT-bound states. The mixing time (Tmix) is

reported in seconds. The NOE and tr-NOE intensities are in percentage. The ratios H1-H6/H1-H4
are shown in brackets.

GIcA(D)- IdoA25(B)-
GIcNS6S(E)-GIcA(D)
GIcNS3565(C) GIcNS6S(A)
NOE tr-NOE NOE tr-NOE NOE tr-NOE
Tmix H1-H6”/ | H1-H6”/ | HI1-Hé/ H1-He/

Hi1-H4 Hi1-H4
Hi1-H4 Hi1-H4 Hi1-H4 Hi1-H4

4.6/29 9.4/8.5 2.3/3.1 5.1/10.2

0.15 3.0 82
(1.6) (1.1) 0.7) 0.5)
75/55 | 12.6/194 | 4.3/63 | 9.6/182
03 6.3 182
(1.4) (0.6) 0.7) 0.5)
99/86 | 14.8/284 | 65/102 | 15.5/27.8
05 10.8 30.9

(1.2) (0.5) (0.6) (0.6)




Table $10. H1-H6 (or H1-H3) and H1-H4 interglycosidic NOEs and tr-NOEs characterizing the
backbone conformation of pentasaccharide (2) in the unbound and AT-bound states. The mixing

time (Tmix) is reported in seconds. The NOE and tr-NOE intensities are in percentage. The ratios H1-
H6/H1-H4 and H1-H3/H1-H4 are shown in brackets.

GIcA(D)- GIcNS3S65(C)-
GIcNS6S(E)-GlcA(D) IdoA(B)-GIcNS6S(A)
GIcNS356S(C) IdoA(B)
NOE | t-NOE | NOE | t-NOE | NOE | t-NOE | NOE | t-NOE
Tamix H1-H6"/ | HI-H6”/ | H1-H3/ | H1-H3/ | H1-Hé/ | HI-Hé/
H1-H4 | H1-H4
HI-H4 | H1-H4 | HI-H4 | HI-H4 | HI-H4 | HI-H4
4128 | 91/81 | 51/24 | 108/52 | 1852 | 45/131
0.15 31 8.6
(1.4) 1.1) 22) @.1) 0.3) 0.3)
73/54 | 11.8/184 | 10.1/49 | 20.7/105 | 3.6/105 | 115275
03 6.4 187
1.3) (0.6) @.1) (2.0) 0.3) 0.4)
89/81 | 145/258 | 165/82 | 327/17.7 | 6.1/17.8 | 20.8/454
05 10.9 33.0
1.1 (0.6) (2.0) (1.8) 0.3) 0.5)
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Figure S7. RMSD analysis of pentasaccharides (1) and (2) in complex with AT. The red and blue lines
show the RMSD calculated for pentasaccharides (1) and (2) in the AT-bound state during the

equilibration and production stages of MD simulations. All distances are expressed in Angstrom (A).
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Figure S8. RMSF analysis of the ligand units and key protein residues in the pentasaccharide (1)-AT

and pentasaccharide (2)-AT complexes. Panel (a): RMSFs are defined for each ligand units of both
pentasaccharides (1) and (2) in the AT-bound state during the last 500 ns MD simulations. Panel (b):
RMSFs are delineated for the protein residues in the AT binding site of the pentasaccharide (1)-AT

and pentasaccharide (2)-AT complexes during the last 500 ns MD simulations. All distances are

expressed in Angstrom (A).
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Figure S9. Conformation of IdoA2S(B) and IdoA(B). Plot of the H5B-H2B distance (A) in the

pentasaccharide (1)-AT and pentasaccharide (2)-AT complexes during the last 500 ns MD
simulations.
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Figure S10. Structures of pentasaccharides (1) and (2) in the AT-bound state selected from the MD
trajectories considering the most populated states for each dihedral angle. Pentasaccharide (1)
presents a single geometry for each dihedral angle @i/, while pentasaccharide (2) exhibits two
conformational states for the dihedral angle @4/1u. Pentasaccharide (1) is displayed as black lines;
pentasaccharide (2) with the dihedral angle ¢s/{4 of 44°/6° is drawn as fuchsia, red, blue and yellow
tubes corresponding to carbon, oxygen, nitrogen and sulfur atoms; pentasaccharide (2) with the
dihedral angle ¢s/\s of —37°/-28° is reported as light blue, red, blue and yellow tubes indicating
carbon, oxygen, nitrogen and sulfur atoms; AT is shown as gray ribbon.



Figure S11. Conformers of pentasaccharides (1) and (2) in the AT-bound state obtained by clustering
analysis. For pentasaccharide (1), a single cluster was found [panels (a) and (b)], while for
pentasaccharide (2), two dominant clusters were collected [panels (c) and (d)]. Pentasaccharide (1) is
displayed as purple, red, blue and yellow tubes corresponding to carbon, oxygen, nitrogen and
sulfur atoms; pentasaccharide (2) is drawn as light blue (conformer 1 in Table S11) or fuchsia
(conformer 2 in Table S11), red, blue and yellow tubes indicating carbon, oxygen, nitrogen and sulfur

atoms; AT is shown as gray ribbon.

Table S11. Dihedral angles (/i) of the clustered conformers of pentasaccharides (1) and (2) in the
AT-bound state.

System Conformer P11 @212 @3/s Pa/Pa
Pentasaccharide (1)-AT 1 (93%) -46°/-35° 43°/-3° -67°/-44° 56°/12°
Pentasaccharide (2)-AT 1 (33%) -27°/-29° 39°/10° -57°/-44° 36°/10°
Pentasaccharide (2)-AT 2 (8%) -36°/-37° 51°/17° -17°/-35° -36°/-24°

[GleNS6S(E)(6S)]-K125

Distance (A)
o

ENE

500 550 600 650 700

750 800 850
Time (ns)

900 950 1000

[GICNS6S(E)(6S)]-R129

650 700 750
Time (ns)

800 850 900

950 1000

Pentasaccharide (1)-AT Pentasaccharide (2)-AT Pentasaccharide (1)-AT Pentasaccharide (2)-AT

Figure S12. (a) Distances of GIcNS6S(E)(6S) to K125 versus MD simulation time in the
pentasaccharide (1)-AT (red line) and pentasaccharide (2)-AT (blue line) complexes. (b) Distances of



GIcNS6S(E)(6S) to R129 versus MD simulation time in the pentasaccharide (1)-AT (red line) and

pentasaccharide (2)-AT (blue line) complexes. Distances are in angstrom (A), time is in nanoseconds

(ns)
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Figure S13. Distance between the carboxyl group of GlcA (D) and the NHs* group of K125 versus MD

simulation time in the pentasaccharide (1)-AT (red line) and pentasaccharide (2)-AT (blue line)
complexes. Distances are in angstrom (A), time is in nanoseconds (ns).
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Figure S14. Distances of GIcNS3565(C)(NS) to R13 (a panel) and K114 (b panel), GIcNS3565(C)(3S)
to K114 (c panel), GIcNS3S6S(C)(6S) to R46 (d panel) versus MD simulation time in the

pentasaccharide (1)-AT (red line) and pentasaccharide (2)-AT (blue line) complexes. Distances are in
angstrom (A), time is in nanoseconds (ns).
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Figure S15. Distances of IdoA2S(25)/IdoA(B)(20H) to R13 (a panel), IdoA25/IdoA(B)(COO-) to R46
(b panel), R47 (c panel) and K114 (d panel) versus MD simulation time in the pentasaccharide (1)-

AT (red line) and pentasaccharide (2)-AT (blue line) complexes. Distances are in angstrom (A), time
is in nanoseconds (ns).
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Figure S16. Distances of GIcNS6S(A)(NS) to R46 (a panel) and R47 (b panel), GIcINS6S(A)(6S) to R13
(c panel) and K114 (d panel) versus MD simulation time in the pentasaccharide (1)-AT (red line) and

pentasaccharide (2)-AT (blue line) complexes. Distances are in angstrom (A), time is in nanoseconds

(ns).
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Figure S17. Radial distribution function [g(r)] curves between selected protein residues: K11 (panel
a), R13 (b panel), R46 (c panel), R47 (d panel), K114 (e panel), K125 (f panel), R129 (g panel) and water
molecules in the pentasaccharide (1)-AT (red line) and pentasaccharide (2)-AT (blue line) complexes.
Distances are in angstrom (A).
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Figure S18. Radial distribution function [g(r)] curves between ligand units: GIcNS6S(E) (a panel),
GlcA(D) (b panel), GIcNS3S6S(C) (c panel), IdoA2S/IdoA(B) (d panel), GIcNS65(A) (e panel) and
water molecules in the pentasaccharide (1)-AT (red lines) and pentasaccharide (2)-AT (blue lines)

complexes. Distances are in angstrom (A).
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Figure S19. Radial distribution function [g(r)] curves between selected ligand protons: H1 of
GIcNS6S(E) (panel a), H1 of GlcA(D) (panel b) and water molecules in the pentasaccharide (1)-AT
(red lines) and pentasaccharide (2)-AT (blue lines) complexes. Distances are in angstrom A).



Table S12. Comparison between the binding epitopes obtained experimentally (Exp STD) and
calculated during MD simulation (Sim STD) of pentasaccharide (1) in complex with AT. The R-factor
is <0.3. The last column reports the average of the simulated STD values (Ave Sim STD).

500- 550- 600- 650- 700- 750- 800- 850- 900- 950-
550 600 650 700 750 800 850 900 950 1000
ns ns ns ns ns ns ns ns ns ns
. . . . . . . . . . AVe
Exp Sim Sim Sim Sim Sim Sim Sim Sim Sim Sim .

Proton Sim

STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD STD
HI1E 70 100 96 97 96 98 97 100 100 100 100 98
H2E 78 87 85 87 87 86 90 91 88 88 86 88
H5E 69 100 100 100 100 100 100 100 98 99 98 99
H1D 72 55 56 55 54 55 62 58 56 57 62 57
Hi1C 70 80 76 73 75 76 81 73 74 77 80 76
H2C 100 87 81 84 84 83 89 86 86 92 87 86
He'C 82 81 78 80 79 76 84 83 86 83 89 82
H6”C 82 88 89 88 88 86 90 90 89 89 89 89
H1B 64 87 92 89 94 89 91 88 86 87 82 89
H2B 81 89 93 90 94 89 92 88 87 87 85 89
H1A 66 62 65 63 64 62 64 65 68 69 68 65
H2A 95 79 75 73 75 75 73 76 80 79 82 77
H3A 88 73 72 71 71 67 68 70 72 72 74 71
OCHs(A) 82 55 56 57 55 54 57 55 55 54 62 56
OCHs(A) 82 52 54 55 53 50 53 54 53 54 59 54
OCHs(A) 82 50 52 54 51 49 52 51 51 51 61 52




Table S13. Comparison between the binding epitopes obtained experimentally (Exp STD) and
calculated during MD simulation (Sim STD) of pentasaccharide (2) in complex with AT. The R-factor
is <0.3. The last column reports the average of the simulated STD values (Ave Sim STD).

500- 550- 600- 650- 700- 750- 800- 850- 900- 950-
550 600 650 700 750 800 850 900 950 1000
ns ns ns ns ns ns ns ns ns ns
. . . . . . . . . . AVe
Exp Sim Sim Sim Sim Sim Sim Sim Sim Sim Sim .
Proton Sim
STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD STD
HI1E 76 100 100 96 100 100 100 100 100 100 100 97
H2E 81 93 94 100 94 97 99 95 97 98 98 95
H5E 73 85 90 89 88 91 86 87 87 88 92 87
H1D 72 47 49 47 48 53 49 48 46 47 47 50
H1C 65 91 97 99 92 96 94 94 90 91 96 92
H2C 93 62 63 65 63 61 60 57 58 57 61 64
He'C 66 52 53 55 53 53 51 52 50 51 51 53
H6”C 66 54 55 61 54 52 54 49 50 48 53 54
H4B 55 45 45 43 42 45 45 42 41 40 42 44
H2A 100 71 76 76 75 76 75 72 69 71 73 76
OCHs(A) 59 68 72 74 71 72 74 71 68 68 70 70
OCHs(A) 59 62 65 69 67 67 66 62 63 63 66 65
OCHs(A) 59 58 65 63 64 64 63 64 60 61 62 62
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Figure S20. Evolution of the R-factor (R-NOE) of pentasaccharide (1) over the last 500 ns of MD

simulation.
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Figure S21. Evolution of the R-factor (R-NOE) of pentasaccharide (2) over the last 500 ns of MD

simulation.

Table S14. 'H/'3C chemical shift assignment of pentasaccharide (1).

Proton GI1cNS6S(E) GlcA(D) GIcNS6S(C) | IdoA2S(B) | GIcNS6S(A)
1 5.64/100.2 4.63/103.8 5.53/98.8 5.20/102.2 5.03/101.0
2 3.26/60.7 3.43/75.4 3.46/59.3 4.31/79.7 3.29/60.5
3 3.61/73.8 3.85/78.8 4.37/78.9 4.18/72.6 3.66/72.5
4 3.59/71.7 3.85/79.5 3.98/75.6 4.15/78.6 3.85/79.5
5 3.90/72.4 3.79/78.8 4.16/72.3 4.77/72.8 3.97/71.3
6 4.35-4.43/ ) 4.27-4.51/ i 4.16-4.38/
69.4 68.7 69.0
OCHs - - - - 3.43/58.1
Table S15. 'H/'3C chemical shift assignment of pentasaccharide (2).
Proton GIcNS6S(E) GlcA(D) GIcNS6S(C) IdoA(B) GIcNS6S(A)
1 5.64/100.3 4.63/104.0 5.39/98.2 5.04/104.9 5.04/101.1
2 3.26/60.7 3.42/75.4 3.46/59.3 3.75/71.4 3.29/60.6
3 3.67/72.7 3.85/78.8 4.39/78.7 4.17/79.5 3.67/72.7
4 3.59/71.7 3.85/79.5 3.99/75.5 4.11/77.3 3.78/79.8
5 4.00/71.2 3.75/81.0 4.07/72.2 4.81/71.0 4.00/71.2
6 4.16-4.38/ i 4.22-4.53/ i 432/693
69.0 68.5
OCHs - - - - 3.45/58.1
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Figure S22. 'H-3C HSQC NMR spectrum of pentasaccharide (1).
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Figure 523. 'H-*C HSQC NMR spectrum of pentasaccharide (2).
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Figure S24. Conformations of the ¢i/{i dihedral angles of pentasaccharide (1) in complex with AT.
The pair of dihedral angles: @1/11, @2/2, @3/ys, and @s/{s are reported in panels (a), (b), (c), and (d),
respectively. Dihedral angles ¢i and 1 are represented in black and red lines, respectively
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Figure S25. Conformations of the ¢i/{i dihedral angles of pentasaccharide (2) in complex with AT.
The pair of dihedral angles: @1/{1, @2/, @3/, and @4/s are reported in panels (a), (b), (c), and (d),
respectively. Dihedral angles ¢: and {x are represented in black and red lines, respectively



