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Distance of Details
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4.58 Hydrolyzed Ampicillin

4.63 Hydrolyzed Benzylpenicillin
4.6 Hydrolyzed Ampicillin

4.58 Hydrolyzed Methicillin

4.55 Hydrolyzed Oxacillin

4.49 Hydrolyzed Ampicillin

4.3 Hydrolyzed Ampicillin

3.56 Apo Ndm-1 Structure

3.48 Hydrolyzed Faropenem

— D223A mutant

3.66 L-Captopril

— delta-36NY construct, Mono- Zinc
4.05 Hydrolyzed Meropenem
3.63 Ethylene, Glycol

— No metal ions binding
— delta-38 construct

3.51 Apo Ndm-1 Structure

3.66 A121F mutant

3.64 Thiocyanatem ether, Glycerin

— Citric Acid

— Sulfate lon, Glycerin, Acetic Acid
3.77 Apo Ndm-1 Structure

A: No metal binding in the active core; — only one or no metal ions in the active site. [ to be published.

RMSD: the root of the mean square distances between equivalent C-alpha atoms of all aligned residues between 3Q6X and other structure.
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Table B. Compounds selected from the multistep docking virtual screening hits for experimental validation.
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Note that hits with 25% inhibition or more are colored in green and hits with 50% inhibition or more are colored in red.




Table C. Physical properties of the three active compounds

Apolar Polar
H-bond H-bond  Net tPSA  Molecular Rotatable desolvation desolvation

LogP donors acceptors charge (A2 weight bonds LogSy (kcal/M) (kcal/M)

VNI-24 3.89 2 8 1 89 468.603 7 -4.21 9.08 -40.48
VNI-34 4.02 1 7 0 92 489.022 4 -4.38 8.44 -16.34
VNI-41 3.72 1 8 0 105 436.493 4 -3.77 7.56 -23.46

Log P, the lipo-hydro partition coefficient; So, the molar solubility (mol/L); tPSA, total polar surface area;
logS0 =1.17 - 1.38*logP (Faller B, Ertl P (2007) Computational approaches to determine drug solubility.

Adv Drug Deliv Rev 59: 533-545).
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Figure A. Expression and purification of recombinant NDM-1, VIM-2 and SIM-1.
Soluble, insoluble and purified fractions of the three recombinant MBLs was analyzed by
SDS-PAGE. Lane M, molecular marks; lane 1, crude extract from E. coli with pET28 empty
vector; lane 2, 4 and 6 supernatants of crude extract from E. coli with pET28-NDM-1,
PET28-VIM-2 and pET28-SIM-1 respectively; lane 3, 5 and 7 precipitate of crude extract
from E. coli with pET28-NDM-1, pET28-VIM-2 and pET28-SIM-1 respectively; Lane 7, 8
and 9 Nickel-affinity chromatography purified protein of NDM-1, VIM-2 and SIM-3 from
the soluble part respectively.
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Figure B. The features of online reported NDM-1 crystal structures. (A) Ribbon diagram
of NDM-1 structure (3Q6X: Loops, cyan; turns, blue; a-Helix, red; B-strands, yellow). (B)
Molecular surface of NDM-1 structure represented as an Active LP image (green,
hydrophobic surface regions; blue, mildly polarregions; and purple, hydrogen-bonding
regions). Possible docking site around the active site calculated by Site Finder is rendered in
alpha spheres. The docking box is restricted around the red mesh ball. (C) The distances
between the two metal ions and between the metal ion with the bridging water in the reported
structures and in the structures after optimization. Dmm: distances of metals in the active site
of reported structures; Dpmm: distances of metals after energy minimization; DwmZland
Dwm?2 referto the distances between the bridging water and Znl and Zn2, respectively while
Dpwml, Dpwm2 refers to the distance after energy minimization. (D) Dmm, Dwm1, Dwm2
was analyzed by Pearson correlation analysis. 11 chains of 6 PDB structures were retained
when Dwm1l used a cutoff of less than 3 A. The Pearson’s correlations for Dmm, Dwm?2;

Dmm, Dwm1; and Dwm1, Dwmz2 are 0.747, 0.456, and 0.268, respectively.
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Figure C. Detail structural variability analysis of NDM-1 structures based on the PMP
entry site. (A) Local (per residue) deviation of individual NDM-1 structures from mean of all
structures based on a distance RMSD (dRMSD). (B) The variability matrix S (based on a
weighted dRMSD) among NDM-1 structures (blue=low, green=medium, red=high). (C)
NDM-1 structures with hydrolyzed substrates compared with apo NDM-1 structures. (D)
Discrepancy between NDM-1 structures with different hydrolyzed antibiotics. (E) 3Q6X
compared with NDM-1 mutants structures. (F) 3Q6X compared with 3S0Z and apo structure.
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Figure D. Virtual screening of NDM-1 inhibitors. The conformations of 298 selected

compounds produced by multistep docking process with (A) or without (B) hydrogen and the
active site of NDM-1 (C). (D) The satisfied cutoff of different scores used in the multistep
screening process: Absolute Energy under 200 kcal/mol; Relative Energy under 25 kcal/mol;
LibDock Score above 150; E_conf under 9.00 kcal/mol; E_place under -17 kcal/mol;
E refine under 190 kcal/mol; E_scorel under -15 kcal/mol; E_score2 under -9 kcal/mol;
rmsd_refie under 1.5 A.
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Figure E. Dose-dependent inhibitions of NDM-1 by VNI-24, VNI-34 and VNI-41 against
NDM-1 using buffer containing 0.01% Triton X-100. Each data point indicated the

remaining activity of NDM-1 after incubated with inhibitors, and were presented as mean +
standard deviation (n=4).



