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Supplementary Figures and Tables 

Supplementary Figure S1 

A 

 

B 1H-NMR spectrum of DA256 (1mM solution) in DMSO-d6 

. 

 

Figure S1.  (A) Overlay of the 500 MHz 
1
H NMR spectra of DA193, DA256 and DA257 in DMSO-d6 at 298 K. 

Peak assignments are previously reported;
1
 (B) 

1
H-NMR spectrum of DA256 (1mM solution) in DMSO-d6.  
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Supplementary Figure S2 

 

Figure S2. Section of the key region 2D-NOESY spectrum (blue, 300 ms mixing time, 298 K) recorded for DA193 

in DMSO-d6 to delineate the conformation around /, superimposed with the corresponding section of the 

2D-TOCSY (yellow, 60 ms mixing time, 298 K). Key cross peaks are indicated. A very strong H
1/H

1 
cross peak 

indicates the existence of one predominant conformation around the (1↔1) glycosidic linkages. 

 Supplementary Figure S3.  

 

Figure S3. Section of the key region 2D-NOESY spectra (blue, 300 ms mixing time, 298 K) recorded for free 

DA256 (left) and DA257 (right) in DMSO-d6 to delineate the conformation around syn /syn. Key cross peaks 

are indicated. The very strong H
1/H

1 
cross peaks (squared red) in all cases indicate the existence of one 

predominant conformation around the (1↔1) glycosidic linkages.  
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Supplementary Figure S4 

 

Figure S4: (A) Comparison of the 500 MHz 
1
H-NMR spectrum (298 K) recorded for DA257 (0.5 mM) in DMSO-d6 

(top) and in 20 mM SDS micelles (bottom). The resolution of the spectrum in the micelle environment is 

significantly improved; (B) Section of the key region 2D-NOESY spectra (250 ms mixing time, 298 K) recorded for 

DA257 (0.5 mM) in SDS micelles (20 mM) to delineate the conformation around /. The very strong H
1/H

1  

cross peak indicate the existence of one predominant geometry around the (1↔1) glycosidic linkages.  

Supplementary Table S1 

SI Table 1: Conformational properties of lipid A, lipid IVa and DA193 in various molecular dynamics simulations
[a]

 

MD-2 

ligand 

Enviroment Orientation 

(Pose) 

P-P distance 

(nm) 


O5-C1-O1-C6′(°) 

  
C1-O1-C6′-C5′ (°) 

  
O1-C6′-C5′-O5′ (°) 

Lipid A water  1.23 ± 0.00 -69± 1 -161 ± 2 -73 ± 1 

Lipid A octane/water  1.19 ± 0.01 -67 ± 0 -179 ± 2 -72 ± 0 

Lipid A hMD2 A 

as in 3fxi 

1.26 ± 0.00 -72 ± 1 -156 ± 1 -72 ± 0 

Lipid A hMD2 B 

as in 2E59 

1.27 ± 0.00 -73 ± 0 -140 ± 3 -70 ± 0 

Lipid IVa water  1.22 ± 0.01 -70 ± 1 -164 ± 5 -73 ± 1 

Lipid IVa octane/water  1.20 ± 0.01 -69 ± 1 -172 ± 4 -74 ± 1 

Lipid IVa hMD2 A 1.21 ± 0.01 -73 ± 1 -168 ± 3 -81 ± 1 

Lipid IVa hMD2 B 

as in 2E59 

1.21 ± 0.00 -65 ± 1 -168 ± 0 -71 ± 0 

    
O5-C1-O1-C1’ (°) C1-O1-C1’-O5’ (°) 

 

DA193 water  1.22 ± 0.00 109 ± 1 -71 ± 0  

DA193 octane/water  1.21 ± 0.01 99 ± 2 -65 ± 1  

DA193 hMD2 A 1.16 ± 0.01 88 ± 3 -58 ± 2  

DA193 hMD2 B 1.20 ± 0.01 93 ±  3 -65 ±  1  

[a]
 Error estimates are calculated from block averages 
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To assess of the accuracy of the simulation of the synthetic antagonist DA193 in the binding 

pocket of hMD-2, we have first performed simulations of the native ligands in both orientations (the 

orientation reported in the co-crystal structures and the opposite) within the binding pocket of hMD-2.   

  No significant conformational changes in torsional dihedral angles of the glycosidic linkages 

upon lipid binding by MD-2 compared with simulated unbound state in octane-water interface could be 

observed (SI Table 1). The average  and   dihedral angles obtained in the simulations of E. coli 

lipid A deviated by 12, 3 and 10°, respectively, from the corresponding angles in the X-ray structure 

(PDB code: 3FXI). Similarly, the  and  dihedral angles for the simulated lipid IVa
hMD-2

 deviated 

by 10, 11, and 13 ° from the X-ray conformation (PDB code: 2E59). 

Supplementary Figure S5 

Since the design of GlcN(1↔1)GlcN Lipid A mimetics was based on the crystal structure of 

-trehalose [Glc(1↔1)Glc], we have compared the conformation of the diglucosamine backbone 

of DA193 and its glycosidic torsions in a protein-bound and a free state to the conformation of -

trehalose disclosed in the crystal structure
3
 and confirmed by molecular dynamics simulations.

4
 

Compound DA193 was simulated in the binding pocket of hMD-2 considering two different setting of 

the  torsions, namely, the torsions restrained to the values found in -trehalose and the 

torsions released. Our experimental data revealed that the conformation of GlcN(1↔1)GlcN 

scaffold in DA193
hMD-2

 having restrained  torsions was very close to that of trehalose (SI-

Figure 5). As soon as the torsions were released, the spatial arrangement of the GlcN rings in 

GlcN(1↔1)GlcN backbone of DA193
hMD-2

  was marginally changed resembling the conformation of 

the unbound DA193 at the octane - water interface. Accordingly, the three-dimensional arrangement 

of the diglucosamine backbone of Lipid A mimetic DA193 minimized in a free state slightly deviates 

from that of -trehalose, whereas the former conformation remains preserved in the protein-bound 

ligand which can be explained by the rigidity of (1↔1) glycosidic linkage.  

 

Figure S5. Superimposition of different simulated conformations of the diglucosamine backbone of 

DA193 having  torsions restrained and released with the crystal structure of -trehalose. (A) 

GlcN /Glc rings are overlaid, (B)  GlcN /Glc  rings are overlaid. 
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Supplementary methods 

Molecular dynamics simulation: model building 

Models were based on the crystal structures of hMD2 as available in the Protein databank
5 

with PDB 

entry code 3FXI.
6
 Missing hydrogen atoms were added using the internal coordinates of the 

CHARMM27
8
 topology files assuming pH 7.0 for protonation states; the protonation state of all 

histidines was chosen to be neutral with the proton positioned on Nδ. Interactions of lipid A, lipid IVa 

and DA193 were described using a combination of the CHARMM36 all-atom carbohydrate force 

field,
9,10 

the CHARMM36 lipid parameter set
11

 and TIP3P water model.
12

  Force-field parameters for 

Lipid A, lipid IVa and DA193 were determined as described earlier.
1,2 

The lipids were solvated 

individually in aqueous surroundings and at a pre-equilibrated octane-water interface. For this periodic 

cells were constructed with dimensions of 5 x 5 x 5 nm
3
, containing approximately 18,000 atoms.  

For the complexes of DA193, lipid IVa and Lipid A with hMD-2 two orientations of the ligands 

within the binding cleft of MD-2 were arranged. Position A  (Pose A) corresponds to the (agonistic) 

orientation of E. coli Lipid A as observed in the co-crystal structures with PDB code 3FXI. For the Pose 

A the reducing (proximal) GlcN ring of the diglucosamine backbone of Lipid A (-GlcN ring) is placed 

at the top of the shallower part of the binding pocket of hMD-2, thus facing Phe126 loop (the 

secondary dimerization interface) and the distal -GlcN ring is placed at the top of the deeper area of 

the binding pocket of MD-2 (as presented in Figure 2A).
6
  For the Lipid A mimetic DA 193 the Pose A 

corresponds to the orientation where the -GlcN ring is placed at the top of the deepest part of the 

hydrophobic pocket and -GlcN ring at the top of the shallower side of the MD-2 pocket, thus facing 

the Phe126 loop (Figure 2C).  

Position B  (Pose B) corresponds to the (antagonistic) orientation of lipid VIa (turned by 180° 

compared to Lipid A
hMD-2

 as in 3FXI) in the co-crystal structure with hMD-2 (PDB code: 2E59) having 

non-reducing (distal) GlcN ring at the top of the shallower part of the pocket and in the close 

proximity of Phe126 loop of hMD-2 (Figure 2B).
13

 For the Lipid A mimetic DA193 the Pose B 

corresponds to the orientation where the -GlcN ring faces the Phe126 loop (Figure 2C).  

For the complexes for which no crystal structure was available, the lipids were manually 

placed in the active site using the crystal structure with PDB code 3FXI for simulations of hMD-2–

bound lipids as templates. The complexes were solvated in periodic simulation boxes of roughly 7.0 x 

6.6 x 7.6 nm
3
, containing around 32,000 atoms. All systems were electro-neutralized by addition of 

sodium ions, and built using the program VMDv1.91
14

  and the program PackMol.
15 
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