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Table S1. Top-scoring hits retrieved from docking of AfroDb against Ddl. 

 

 

No. Name Chemical Class Source Docking 
Score 

(kcal/mol) 

ΔG 
(kcal/mol) 

Reference 

1 Protostemotinine Alkaloid Stemona 
javanica -16.7 - 11.6 [1] 

2 Alpinine Alkaloid Delphinium 
alpinum -15.1 -11.3 [2] 

3 Pisatin Lignan Pisum 
sativum -14.8 -11.5 [3] 

4 Salvianolic acid F Phenolic acid Salvia 
divinorum 

-14.6 -11.1 [4] 

5 Nepetoidin B Phenolic acid Salvia plebeia -14.6 -10.8 [5] 
6 Melannein Dihydrobenzofuran Dalbergia 

melanoxylon 
-14.6 -10.5 [6] 

7 Rheochrysin Anthraquinone 
glycoside 

Rumex 
luminiastrum 

-14.5 -9.5 [7] 

8 Trifoliol Coumestan 
derivative 

Trifolium 
repens 

-14.2 -10.1 [8] 

9 3'-methoxycoumestrol Coumestan 
derivative 

Medicago 
sativa 

-14.1 -9.8 [9] 

10 Sativol Coumestan 
derivative 

Medicago 
sativa 

-14.1 -9.3 [10] 

11 Coccineone B Isoflavone Boerhaavia 
coccinea 

-13.6 -9.2 [11] 

12 Anthragallol Anthraquinone Galium 
sinaicum 

-13.4 -8.8 [12] 

13 Quinizarin Anthraquinone Rubia 
tinctorum 

-13.4 -9.1 [13] 

14 Alizarin Anthraquinone Rubia 
tinctorum 

-13.3 -8.5 [13] 

15 Rhein Anthraquinone Rheum 
palmatum 

-13.3 -8.4 [14] 

16 Emodin Anthraquinone Rheum 
palmatum 

-12.8 -9.6 [14] 

17 Chrysophanol Anthraquinone Rheum 
palmatum 

-12.6 -9.1 [14] 

18 Physcion Anthraquinone Rheum 
palmatum 

-12.6 -8.3 [14] 

19 Anthrarufin Anthraquinone Cassia tora -12.4 -8.4 [15] 
20 Aloin Anthraquinone 

glycoside 
Aloe species -12.3 -8.7 [16] 

21 Helenalin Sesquiterpene 
lactone 

Arnica 
montana -11.8 -8.1 [17] 

22 Grosheimin Sesquiterpene 
lactone 

Centaurea 
helenioides -11.5 -8.4 [17] 

23 6,8,11-Epi-
Desacetylmatricarin 

Sesquiterpene 
lactone 

Matricaria 
chamomilla -10.7 -7.9 [18] 

24 Mexicanin I Sesquiterpene 
lactone 

Arnica 
montana -10.1 -7.3 [19] 
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Table S2. Top-scoring hits retrieved from docking of AfroDb against Gyr-B. 

 

 

 

 

No. Name Chemical 
Class 

Source Docking 
Score 

(kcal/mol) 

ΔG 
(kcal/mol) 

Reference 

1 Norchelerythrine Alkaloid Zanthoxylum simulans -15.7 - 11.6 [20] 

2 dihydrosanguinarine Alkaloid Macleaya microcarpa -14.5 -10.3 [21] 

3 8-Hydroxydihydrosanguinarine Alkaloid Macleaya microcarpa -14.1 -12.5 [21] 

4 6-Methoxy Dihydrosanguinarine Alkaloid Macleaya microcarpa -13.3 -12.1 [21] 

5 10-Hydroxydihydrosanguinarine Alkaloid Macleaya microcarpa -13.3 -11.9 [21] 

6 Sanguinarine Alkaloid Macleaya microcarpa -13.1  [21] 

7 Sophoranochromene Flavonoid Sophora subprostrata -12.8 -11.3 [22] 

8 Ohioensin G Flavonoid Polytrichastrum alpinum -12.6 -10.2 [23] 

9 Ohioensin F Flavonoid Polytrichastrum alpinum -12.4 -10.8 [23] 

10 Ugaxanthone Xanthone Symphonia globulifera -12.3 -6.6 [24] 

11 Toxyloxanthone C Xanthone Cudrania 

cochinchinensis 

-12.3 -9.5 [25] 

12 Hyperxanthone E Xanthone Hypericum calycinum -12.2 -6.9 [26] 

13 Triptobenzene H Diterpene Tripterygium wilfordii -11.7 -9.2 [27] 

14 12-Methyl-5-dehydrohorminone Diterpene Salvia multicaulis -11.6 -9.1 [28] 

15 Merogedunin Diterpene Cedrela odorata -11.3 -8.9 [29] 

16 Abietic acid Diterpene Pimenta racemosa -11.1 -8.8 [30] 

17 Pimaric acid Diterpene Pimenta racemosa -11.1 -8.3 [30] 

18 Neoabietic acid Diterpene Pimenta racemosa -11.0 -8.7 [30] 

19 Hugorosenone Diterpene Hugonia casteneifolia -10.8 -8.5 [31] 

20 Totaradiol Diterpene Thuja plicata -10.8 -8.4 [32] 

21 Hinokiol Diterpene Rosmarinus officinalis -10.7 -8.3 [33] 

22 Dehydroabietic acid Diterpene Pimenta racemosa -10.6 -9.1 [33] 

23 Emodin Anthraquinone Rheum palmatum -10.4 -9.4 [14] 

24 Chrysophanol Anthraquinone Rheum palmatum -10.4 -9.3 [14] 

25 Rhein Anthraquinone Rheum palmatum -10.4 -9.1 [14] 

26 Dicentrine Alkaloid Stephania epigeae -10.2 -6.5 [34] 

27 Papaverine Alkaloid Papaver somniferum -10.1 -6.2 [34] 
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Table S3. Antibiotic susceptibility of clinical isolated E. coli MDRa and MDRb 

Clinical Strain Antibiotics MIC (µg/mL) 

E. coli MDRa 

Ampicillin >64 
Ceftazidime 32 
Ceftazolin 32 
Cefotaxime 32 

Levofloxacin 16 
Ciprofloxacin 16 

E. coli MDRb 

Ampicillin >64 
Ceftazidime 16 
Ceftazolin 32 
Cefotaxime 64 

Azithromycin 16 
Amikacin 8 

  a and b are multidrug-resistant E. coli clinical isolates. 

 These susceptibility testing results are not published data. The testing was carried out by the microbiology unit in Beni Suef 
general hospital, Beni Suef, Egypt using the same procedure stated in the methods section in the main manuscript. 

 

Methods 

Molecular Dynamics Simulation 

 Desmond v. 2.2 software was used for performing MDS experiments [35, 36], while NMAD 2.14 

was used to run MDS required for FEP-based ΔG estimation [38]. For simulations produced by 

Desmond, the OPLS 2005 force field was applied. Protein systems were built using the System 

Builder option, where the protein structure was checked for any missing hydrogens, the 

protonation states of the amino acid residues were set (pH = 7.4), and the co-crystalized water 

molecules were removed. Thereafter, the whole structure was embedded in an orthorhombic box 

of TIP3P water [37] together with 0.15 M Na+ and Cl− ions in 20 Å solvent buffer. Afterward, the 

prepared systems were energy minimized and equilibrated for 10 ns. Subsequently the production 

simulation was set to be 50 ns.  All simulations (equilibration and production) were set to be run 

under NPT ensembles [35, 36] at temperature of 300 K. For protein-ligand complexes, the top-

scoring poses were used as a starting points for simulation. Desmond software automatically 

parameterizes inputted ligands during the system building step according to the OPLS force field. 

For simulations performed by NAMD [38], the protein structures were built and optimized by 

using the QwikMD toolkit of the VMD software [38, 39]. The parameters and topologies of the 

compounds were calculated either using the Charmm27 force field with the online software Ligand 

Reader and Modeler (http://www.charmm-gui. org/?doc=input/ligandrm, accessed on 16 April 
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2021) [39] or using the VMD plugin Force Field Toolkit (ffTK). Afterward, the generated 

parameters and topology files were loaded to VMD to readily read the protein–ligand complexes 

without errors and then conduct the simulation step.  

Binding Free Energy Calculations  

Binding free energy calculations (∆G) were performed using the free energy perturbation (FEP) 

method [39]. This method was described in detail in the recent article by Kim and coworkers [38]. 

Briefly, this method calculates the binding free energy ∆Gbinding according to the following 

equation: ∆Gbinding = ∆GComplex − ∆GLigand. The value of each ∆G is estimated from a separate 

simulation using NAMD software. Interestingly, all input files required for simulation by NAMD 

can be papered by using the online website Charmm-GUI (https://charmm-

gui.org/?doc=input/afes.abinding, accessed on 22 June 2021). Subsequently, we can use these files 

in NAMD to produce the required simulations using the FEP calculation function in NAMD. The 

equilibration (5 ns long) was achieved in the NPT ensemble at 300 K and 1 atm (1.01325 bar) with 

Langevin piston pressure (for “Complex” and “Ligand”) in the presence of the TIP3P water model 

[37]. Then, 10 ns FEP simulations were performed for each compound, and the last 5 ns of the free 

energy values was measured for the final free energy values [39]. Finally, the generated trajectories 

were visualized and analyzed using VMD software [38, 39].  

Isolation of the Rhubarb anthraquinones 

Dry roots of Rhubarb (Rheum officinale Bail; Voucher number: RO-102-NUP) (Figure S1) ( 500  

g)  were  washed,  triturated,  and  exhaustively  macerated  in  MeOH (1000 mL) at room 

temperature for 24 h. All the MeOH extracts were combined, filtered off, and concentered on a 

rotary evaporation to give 390 g a mixture of anthraquinones. This crude extract was then 

exhaustively fractionated with DCM (500 mL X 3) yielding of (after solvent evaporation) 41 g (14 

%) of brown solid crude anthraquinones. 

Purification  process  was  performed  by  silica  gel  CC (glass  columns,  60  x  600 mm)  using  

a binary mobile phase combination of DCM: EtOAc with a gradient of 0-15 % to yield emodin (75 

mg), chrysophanol (44 mg), and physcion (36 mg). The  eluted  compounds  were  analyzed  by  

TLC  using  DCM  :  Hex  (9:1,  v/v)  as  a mobile phase and combined according to reference of 

the retention time (Rf) values of the standard reference compounds [40]. 
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Isolation of abietic acid from Rosin 

Rosin (100 g) is placed in a 1 L round-bottomed flask, ethanol (500 mL) and concentrated HCl (15 

mL) are added and the solution is refluxed for 2.5 hours. Ethanol and water are then removed in 

vacuo. The remaining dark orange residue is dissolved in diethyl ether (200 mL), washed with 

water to remove any HCl and dried over Na2SO4 (80 g). The Na2SO4 is removed by filtration and 

the ether by distillation in vacuo. The remaining residue is warmed in a hot water bath and poured 

on to a clean ceramic plate on a laboratory bench to cool to a brittle mass. 

This mass is broken, transferred into a 500 mL Erlenmeyer flask and dissolved in methanol (150 

mL). At incipient boiling of the solution, ammonia solution (40 mL) is added slowly with vigorous 

stirring for 1 hour.  

The flask was allowed to stand overnight for cooling to ambient temperature. Crystals separate. 

The flask is then immersed in an ice bath, the mixture is stirred to increase crystallization and 

finally the crystals of the crude ammonium abietate are filtered by suction (76.5 g)  

All of this salt were placed in a 1 L Erlenmeyer flask and dissolved in hot ethanol (200 mL). After 

cooling, glacial acetic acid (10 g) is added in one portion with vigorous stirring. Water (180 mL) 

is added slowly with vigorous agitation until the first crystals of abietic acid appear (55 g) [40]. 

To check for the isolated compounds’ purity, they were subjected to LC-HRESIMS analysis. 

Briefly, the isolated compounds were dissolved in 50% aqueous acetonitrile to prepare stock 

solutions (1 mg mL−1). Then, 1 mL was filtered through a 0.22 μm membrane filter before 

introduction to the HPLC system. Chromatographic separation was performed on a BEH C18 

column (2.1 × 100 mm, 1.7 µm particle size; Waters, Milford, CT, USA) with a guard column (2.1 

× 5 mm, 1.7 µm particle size) and a linear solvent gradient of 0–100% eluent B at a flow rate of 

0.3 mL min−1 over 6 min, using 0.1% formic acid in water (v/v) as solvent A and acetonitrile as 

solvent B. The injection volume was 2 µL and the column temperature was 40 °C [41]. High-

resolution mass spectral data were obtained from a Thermo Instruments MS system (LTQ XL/LTQ 

Orbitrap Discovery) coupled to a Thermo Instruments HPLC system (Accela PDA detector, 

Accela PDA autosampler and Accela Pump). The following conditions were used: capillary 

voltage 45 V, capillary temperature 260°C, auxiliary gas flow rate 10–20 arbitrary units, sheath 

gas flow rate 40–50 arbitrary units, spray voltage 45 kV, mass range 100–2000 amu (maximum 

resolution 30 000).  Additionally, the1H-NMR spectra of emodin and abietic acid were obtained 

in DMSD-d6 on a Bruker-400 spectrometer (400 MHz for 1H). All of the chemical shifts (δ) are 
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given in ppm units with reference to TMS as an internal standard, and coupling constants (J) are 

reported in Hz. 

 

Figure S1. Photographs of Rhubarb (Rheum officinal Bail; Voucher number: RO-102-NUP). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Photograph of Colophony (Rosin; Voucher number: CR-34-NUP). 
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Figure S3. HPLC chromatogram of emodin. 

 

Figure S4. HPLC chromatogram of chrysophanol. 
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Figure S5. HPLC chromatogram of physcion. 

 

Figure S6. HPLC chromatogram of abietic acid. 
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Figure S7. 1H-NMR spectrum of the isolated emodin in DMSO-d6 
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Figure S8. 1H-NMR spectrum of the isolated abietic acid in DMSO-d6 
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Figure S9. HRESIMS spectrum of emodin. 

 

 

 

 

 

 

 

 

 

 

 

 



S13 
 

 

Figure S10. HRESIMS spectrum of Physcion. 
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Figure S11. HRESIMS spectrum of chrysophanol. 
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Figure S12. HRESIMS spectrum of abietic acid. 
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