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Antibiotic Target Identification. Identification of unconditionally
essential metabolic enzymes in E. coli MG1655 (Table S1).

Methods. Flux balance analysis and identification of uncondition-
ally essential single enzymes of E. coli MG1655 metabolic
network.

A reconstructed metabolic network consists of metabolites,
metabolic reactions that convert these metabolites, and the met-
abolic enzymes that catalyze the metabolic reactions. The recon-
structed metabolic network and biomass composition of E. coli
MG1655 was obtained from its recent reconstruction, called
iAF1260 (1), that contains 1260 enzymes, 2077 reactions, and
1039 metabolites. This reconstruction introduces another com-
partment (periplasm) in addition to cytoplasm and extracellular
space and shows the exchange and transport reactions among
these three compartments accordingly. The reconstructed
metabolic network of E. coliMG1655 from (1) yields the stoichio-
metric matrix S with its element Sij indicating the stoichiometric
coefficient of metabolite i in reaction j. The FBA states that, in
the stationary state, the fluxes fvjg of the metabolic reactions are
those which maximize vbiomass subject to

S · v ¼ 0; vj ≥ 0 for all irreversible reactions j;

vj ≤ vmax;j for all uptake reactions j;
[S1]

where vbiomass indicates the flux of the reaction that produces bio-
mass, acting as a drain of those biomass compounds. The biomass
generating reaction is given by

∑
i

ci mi → biomass

in which mi is each of the biomass compounds and ci is the coef-
ficient. In calculating the unconditionally essential enzymes, first
we run the calculation using both biomass compositions (wild-
type and core) obtained in (1) and then consider only the enzymes
that appear to be essential in both conditions.

For the FBA computations, we used ideally rich medium
in which all the uptake reactions can occur without limitation
on their fluxes, because we aim at identifying unconditionally
essential enzymes, which we define below. The only exception
was when the environment of the skin was considered. Here, due
to the unique antimicrobial properties of the lipids on the skin
surface (2), the fatty acid transporters were turned off.

The FBA is basically a linear programming problem, and we
performed the analysis by using the GNU Linear Programming
Kit. In the framework of the FBA, an enzyme is considered to be
essential (1, 3) in a given environment if the constraint

vj ¼ 0 [S2]

for all reactions j catalyzed by an enzyme leads to zero flux of the
biomass generating reaction

vbiomass ¼ 0.

In the FBA scheme, the zero flux of the biomass generating
reaction is interpreted as no growth of the organism. If such
inactivation of an enzyme leads to no growth even in an ideally
rich environment (medium) in which all the uptake reactions are

allowed to occur without limitation, it would also lead to
no growth in any other environment, and therefore we identify
unconditionally essential—essential in all growth conditions—
enzymes from the FBA [S1] combined with [S2] and setting all
upper limits of uptake reactions to

vmax;j ¼ ∞ for all uptake reactions j: [S3]

Structural and Evolutionary Analysis of FabD. Results. Structural and
sequence conservation of a potential enzyme target among pro-
karyotes, and especially the conservation of its active site, is one
prerequisite for broad-spectrum antibiotic development. A sec-
ond prerequisite is that either no human ortholog exists for that
enzyme, or that it is sufficiently different from its bacterial coun-
terparts, in order to minimize potential drug toxicity. In humans,
the elongation cycle enzymes are fundamentally different from
their bacterial counterparts (4, 5). However, FabD exists in a
cytosolic and mitochondrial form, the former playing the major
role for fatty acid biosynthesis in human cells (4–6). For human
mitochondrial FabD, a crystal structure is also available [Protein
Data Bank (PDB) ID 2c2n]. Hence, we first performed a quan-
titative sequence homology search between E. coli FabD and the
fifteen most common hospital isolates from the University of
Pittsburgh Medical Center. We found that the bacterial enzymes’
active sites show high amino acid sequence conservation
(Fig. S1A), whereas the human mitochondrial enzyme has some
critically different residues. Additionally, the human mitochon-
drial FabD active site showed the largest evolutionary distance
compared to all examined bacterial species (Fig. S1B). Fig. S1C
displays the E. coli FabD structure (Right) and its active site
(Left), including catalytic and substrate binding residues and
the bound substrate of the enzyme (malonate).

On a structural level, overall secondary structure of human
FabDs showed similarity to its bacterial counterparts (see main
text). However, a detailed structural comparison of the E. coli
and human mitochondrial and cytosolic FabD active sites reveals
sufficient differences between the human and prokaryotic en-
zymes to suggest that bacterial FabD may indeed serve as a useful
molecular target for novel antibiotics. Furthermore, the potential
surface analyses of these structures show that their charge distri-
bution is different, especially at their active sites. Similar analyses
can be performed for all bacterial target metabolic enzymes.

Potential Inhibitor Identification by Computational Chemistry.
Methods and results.
Docking and virtual screening.
Targets were identified as described in the main text and Fig. S2.
The lead library of the ZINC database (7), containing approxi-
mately 106 commercially available small molecules prefiltered
for drug-like properties (8), was screened by using Glide 4.5
(9, 10) The crystallographic structures for the enzymes involved
in the different steps of the bacterial fatty acid pathway were
downloaded from the Protein Database (see Table S2 for PDB
codes of the crystal structures used for virtual screening as well
as the known inhibitors for each enzyme). Homology models for
E coli FabZ were built where necessary by using Prime (11) with
the P. falciparum ortholog (PDB code 1z6b) as template. Solvent
molecules and ligands were removed and Macromodel (12) atom
types were assigned. Before the docking calculations, the protein
and the ligands were preprocessed by using the protein prepara-
tion and ligprep modules of the Schrodinger 2007 Suite. For the
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protein preparation, grid generation, and docking procedures,
default Glide settings were used.

For each protein, the 105 top-ranked structures of the Glide
high-throughput virtual screening were redocked at the single
precision level, saving the 104 top-scored molecules. The result-
ing set was further screened by using the Glide extra precision
scoring algorithm (Glide XP), retaining a database of 2,000
molecules. Fifty compounds of this database were selected on
the basis of structural diversity, poses and scores, and significance
of the interactions in the active site and further cross-docked by
using GOLD (13). Fifteen compounds available commercially
were selected for each protein for a more detailed evaluation
of the free energy of binding by means of ensemble MM-PBSA
calculations (see Table S3).

Molecular dynamics (MD) simulations.
To include protein flexibility into the rescoring of the putative li-
gands, MD simulations were performed for 15 FabD-ligand com-
plexes and 26 FASII enzyme-ligands complexes. The SAN-
DER.MPI module in the AMBER 9.0 (14) program package
was used throughout the production simulations as well as for
the mini-
mization and equilibration protocols. Long-range interactions
were handled by using the particle-mesh–Ewald summation
(15). The SHAKE algorithm (12, 16) was employed on all atoms
covalently bound to a hydrogen atom, allowing for an integration
time step of 2 fs. Langevin dynamics (17) was used to control the
temperature (300 K) by using a collision frequency of 1.0 ps−1,
with isotropic position scaling to maintain the pressure
(1 atm). Initial atomic coordinates of each protein–ligand com-
plex were taken from the pose derived from Glide XP docking.
The complex was solvated in a periodic box of TIP3P (18) water
molecules that extended 10 Å from the protein and was neutra-
lized by Naþ counterions by using the LEaP module (14, 19). The
ff99 (20) and GAFF (21) force fields of AMBER 9 (14) were used
to model the systems. Partial charges of the compounds were
assigned by using the antechamber program in AMBER (RESP)
(22–24), after geometry optimizations at the B3LYP/6-31G* level
(25). For all MD simulations, 8-ns trajectories were computed
after minimization and equilibration protein-compound systems.
The trajectories were analyzed by using the PTRAJ module
of AMBER.

Binding free energy calculations using Ensemble MM-PBSA.
The MM-PBSA approach represents the postprocessing method
to evaluate free energies of binding, combining molecular me-
chanical energies with continuum solvent approaches (26, 27).
It has been demonstrated to significantly improve correlation
with experimental binding constants (28, 29). The PBSA module
of Amber 9 has been used in all cases with default parameters.
Snapshots of the protein, small molecule ligand, and complex
were extracted every 10 ps from the last 4 ns of each MD trajec-
tory. The electrostatic contribution to the solvation free energy
was calculated by solving the PB equation in MM-PBSA (30).
The hydrophobic interaction term was derived from the solvent-
accessible-surface-area-dependent term (31). The entropy term
was neglected, assuming that it is similar when similar compounds
bind to the same protein, and will not affect differences in binding
energies.

Inhibitor fits into the active site of enzymes.
Ten out of 26 tested FASII elongation cycle potential inhibitors
showed activity in the in vitro elongation assay. There is at least
one active inhibitor for each of the seven elongation enzymes.
The results and poses for ECi8 (targeting FabB/F), ECi16
(inhibiting FabI), and ECi23 (targeting FabZ) were already dis-
cussed in the main text. Here we report the binding modes of the
other 7 active compounds (Figs. S3 and S4), including three pre-

dicted FabH inhibitors (ECi11, ECi12, and ECi26), one FabB/F
inhibitor (ECi21), one FabG inhibitor (ECi10), one FabA inhibi-
tor (ECi13), and one FabI inhibitor (ECi14).

Enzyme Assays, Bacterial Viability, and Toxicity Studies. Methods and
results.
In vitro enzyme assays.

Materials and reagents.
Malonyl–CoA, CoA, BSA, NADP, NADPH, KDH (porcine
heart), α-ketoglutaric acid, TPP, Cerulenin, Triclosan, MTT,
and IPTG were purchased from Sigma. EDTA, TCEP, and
DMSO were obtained from Fluka. DMEM, glutamine, sodium
pyruvate, phenol red, pET-151 vector, and E. coli BL21 and
Top10 competent cells were obtained from Invitrogen. The agar-
ose gel-extraction kit and the plasmid DNA isolation kit were
purchased from Qiagen. The FabD inhibitors and elongation
cycle inhibitors were purchased from ChemBridge, ChemDiv,
and Ryan Scientific. HisTrap FF columns were obtained from
GE Healthcare. Bradford reagents and Coomassie blue were
purchased from Bio-Rad.

FabD enzyme assay and the screening of potential FabD inhibitors.
Purification of his-FabD and his-holo-ACP: E. coli FabD was am-
plified from the genomic DNA of E. coli MG1655 strain by using
PCR and cloned into the pET151-TOPO vector from Invitrogen.
Plasmids, pDSNdeIacpPec, and pDSNdeIacpSec, containing
the coding sequence for E. coli. AcpP and AcpS, respectively,
were generous gifts from Dr. Roland Lange (Actelion Pharma-
ceuticals Ltd., Switzerland). pET-151-fabD or pDSNdIcpPEc
and pDSNdeIacpSEC were transformed or cotransformed into
competent E. coli Top10 cells (Invitrogen). E. coli his-FabD
and his-holo-ACP were overexpressed in E. coli BL21 cells in-
duced with 0.5 mM IPTG at 37 °C for 3 hours. Cells were then
harvested by centrifugation and stored at −80 °C. The bacterial
cell pellet was resuspended in the lysis buffer and disrupted by
sonication. After centrifugation, the supernatant was filtered
and applied to the AKTA system (GE Healthcare) by using
HisTrap FF column. The FabD-containing fractions were then
pooled, concentrated, and equilibrated in the enzyme assay buff-
er (50 mM phosphate buffer, pH 6.8, 1 mM EDTA, 1mM DTT).
The protein concentration of his-FabD and his-holo-ACP was
determined by Bradford assays.

Fluorometric coupled FabD enzyme assay.
The FabD enzyme assay was performed as described previously
(32) with minor modifications. Briefly, 46 μL 0.06 nM his-FabD
solution (50 mM phosphate buffer, pH 6.8, 1 mM EDTA, 1 mM
DTT, and 0.1 mg∕mL BSA) was preincubated with 4 μL
10 μg∕μL of the 15 different predicted FabD small molecule in-
hibitors or DMSO for 30 min at 28 °C. To start the reaction, 25 μL
ACP/KDH mix (240 μM his-ACP, 8 mM α-ketoglutaric acid,
1 mM NAD, 60 mU∕100 μL KDH, and 0.8 mM TPP) and
25 μL Malonyl-CoA solution (100 μM Malonyl-CoA in 50 mM
phosphate buffer, pH 6.8, 1 mMEDTA, 1 mMDTT) were added.
NADH-dependent fluorescence was immediately measured for a
minimum of 5 min by using a microtiter plate reader (Beckman
Coulter DTX880) equipped with an excitation filter at 340 nm
(bandwidth 20 nm) and an emission filter at 465 nm (bandwidth
35 nm). The fluorescence signal was set to an integration time of
1 s (no lag time) and three flashes per well. The experiments were
run at 28 °C in triplicates.

Fluorometric KDH counter screening assays.
The KDH assay was performed as follows: 3.75 mU KDH was
diluted in 75 μL 50 mM phosphate buffer, pH 6.8, 1 mM EDTA,
1 mM DTT, 2.67 mM α-ketoglutaric acid, 0.33 mM NAD, and
0.267 mM TPP and added to 4 μL DMSO (controls) or
10 μg∕μL inhibitors dissolved in DMSO. A 60 μM CoA solution
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was prepared in 50 mM phosphate buffer, pH 6.8, 1 mM EDTA,
1 mM DTT. All solutions and the microplate reader were pre-
warmed at 28 °C; 21 μL CoA solution was added to start the re-
actions that were measured immediately over 5 min in triplicates.

Elongation cycle assay and the screening of potential inhibitors.
We utilized an established elongation assay for type-II fatty acid
synthesis (33) with slight modifications. Briefly, E. coli MG1655
was grown to a stationary phase in LBmedium. The cultures were
centrifuged and the pellets were washed and lysed in ice-cold buf-
fer. The supernatants were then precipitated by using ammonium
sulfate. The 45–80% ammonium sulfate saturated protein frac-
tion which contained all the FASII enzymes was dialyzed. Subse-
quently, 2–16 μg cell lysate was first incubated with different
concentrations of inhibitors at 37 °C for 20 min in 50 μL buffer
containing 5 mM EDTA, 1 mM NADPH, 1 mM NADH, 5 mM
β-mercaptoethanol, 150 μM DTT, 16 μM ACP (pretreated with
3 mM ice-cold DTT for 20 min), 40 μM acetyl-CoA, 4% DMSO,
and 100 mM sodium phosphate (pH 7.0). Then 120 μM 10 μl
malonyl-CoA was added into the 50-μL solution to initiate the
reaction. After 30 minutes reaction at 37 °C, 60 μL of each sample
(plus 15 μL 5X native sample buffer) were applied to a 16% poly-
acrylamide gel containing 0.5 M urea (to separate intermediate
and final products) or 4 M urea (to separate different chain
lengths of acyl-ACP products). After electrophoresis, the gels
were stained with Coomassie blue for visualization. Reactions
with no inhibitor (only DMSO) were used as negative controls.
Known FASII elongation cycle inhibitors triclosan (167 μg∕mL)
and thiolactomycin (167 μg∕mL) were used as positive controls.

In vitro enzyme assay results.
Five inhibitors completely block the enzymatic activity of FabD
(yellow shading) and generate negatively changing fluorescence
signals (NADH), whereas the three weak inhibitors (orange shad-
ing) can significantly decrease the rate of fluorescence signals
catalyzed by the purified FabD’s activity compared to that in
the presence of DMSO or the absence of inhibitors (see Table S4).
Because the established FabD enzyme assay (32) was based on
the FabD-KDH coupled reactions, we also performed a KDH
counterscreening assay to eliminate the possible inhibition of
potential inhibitors against KDH. FDi11, 12, 14, and 15 did
not show any inhibition against KDH compared to DMSO con-
trol, whereas FDi2, 7, 8, and 10 can partially inhibit the KDH
activity. However, the partial inhibition of fluorescence signals
catalyzed by the KDH enzyme in the presence of FDi 2, 7, 8,
and 10 could also be attributed to the direct destruction of
NADH by the inhibitors. The strong negative slope suggests this
possibility for the case of FDi7. Nevertheless, FDi2, 7, 8, 10, 11,
12, 14, and 15 could still be the potential inhibitors against FabD
activity in vitro as indicated by the whole cell assays.

As shown in Fig. S5, with no inhibitors (only DMSO) present,
the FASII elongation cycle proceeds normally and generates long
chain acyl-ACPs, showing only the unreacted substrate ACP as
well as the product acyl-ACP in the gel. Inhibitors should cause
the accumulation of the substrates of their enzyme targets; for
example, triclosan (34) mainly accumulates the substrate of FabI:
C4:1(Δ2)-ACP, and cerulenin (34) causes major accumulation of
the substrate of FabB/F: C4:0-ACP. Among the tested com-
pounds, ECi8 gives the strongest inhibition, which causes a sig-
nificant reduction in the acyl-ACP band. ECi16 also has
notable activity, whereas ECi11 shows slight activity. ECi8, which
was predicted as an inhibitor for FabB and FabF, generated a si-
milar pattern as triclosan. This implies that ECi8 might also in-

hibit FabI, which is in agreement with the cross-docking results
that ECi8 has a reasonable docking pose in the open conforma-
tion of FabI. ECi8, ECi21, ECi23, and ECi26 show at least some
inhibition toward FASII enzymes. ECi26 leads to a notable accu-
mulation of malonyl-ACP, which is the substrate of its predicted
protein target: FabH. ECi22 seems to decompose the cell lysate.
By comparison of the acyl-ACP bands to the DMSO control,
ECi10, ECi11, ECi12, ECi13, ECi14, and ECi16 display weak in-
hibition. ECi8 inhibits FASII enzymes in a dose-dependent man-
ner instead of nonspecific aggregation-based inhibition. In total,
10 out of 26 predicted FASII elongation cycle inhibitors showed
activity in the in vitro elongation assay by causing the reduction of
acyl-ACP production. There is at least one active inhibitor for
each of the seven elongation enzymes.

In vivo viability and toxicity assays.

Bacterial disc inhibition assay.
The disc inhibition assay was performed as described previously
(35). Briefly, freshly grown E. coli (MG1655 strain and patient
strain) and S. aureus (Mu50 strain, USA300 strain, and patient
strain) cultures (OD600 ¼ 0.3) were evenly inoculated onto the
surface of LB or LB plus 10% human serum agar plates. Sterile
filter discs soaked with 10 μL of 10 mg∕mL of the different in-
hibitors were then applied to the surface of the inoculated plates
and incubated for 16–20 h at 37 °C. We used 1 mg∕ml Ampicillin
and 10 μL DMSO as positive and negative controls, respectively.

MTT cell viability assay.
Cell viability was determined by 3-[4,5-dimethyl-triazolyl-2]2,
5-diphenyl tetrazolium bromide (MTT) assay. The human BJ
fibroblast cells expressing hTERT (CL1 cells) (36) were seeded
in 24-well plates at a density designed to reach 90% confluence at
the time of assay. The next day, the culture medium was replen-
ished with fresh medium with 400 μg∕mL of the potential
inhibitors. The same amount of DMSO was used as a control.
After 24 h of inhibitor treatment, MTTwas added to a final con-
centration of 0.5 mg∕mL, and the plate was incubated for 3 h at
37 °C. Cells having functional mitochondrial succinate dehydro-
genase can convert MTT to formazan that generates a blue color
when dissolved in DMSO. The absorbance was read at 540 nm by
using a plate reader (Beckman DTX880).

Trypan blue exclusion assay.
CL1 cells were seeded at a density of 1 × 105 cells in 12-well
plates and cultured in DMEM (25 mM glucose, 4 mM glutamine)
containing 10% FBS at 37 °C in an incubator with 5% CO2 and
95% air. The next day, the culture medium was replenished with
fresh medium with 400 μg∕mL of the inhibitors. The same
amount of DMSO was used as a control. After 24 h of inhibitor
treatment, the cells were harvested by releasing them with 0.05%
trypsin and 0.53 mM EDTA, stained with trypan blue, and
counted. Cell counting data were determined by blinded counting
of both live (unstained) and dead (blue) cells on a standard
grid-patterned hemocytometer. The mean number of cells and
the standard deviation of the mean were determined, and data
were then compared by using a standard Student t test to deter-
mine statistically significant differences between cell populations.

In vivo viability and toxicity results.
The in vitro and in vivo effects of the predicted small molecule
inhibitors were summarized in Table S5.
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Fig. S1. Comparison of FabD sequence and structure between human mitochondrial and the 16 most common bacterial pathogens (among hospital isolates).
(A) Sequence similarities of the FabD active sites. The residues lining the active site of FabD of humanmitochondria and the bacterial species show some distinct
features. The residues are labeled with their corresponding residue numbers in E. coli FabD. The Middle shows the conservation score for each residue. Stars
indicate full conservation among all species. The Bottom shows the most common residues in the active sites. (B) Evolutionary distance of FabDs. The
phylogenetic tree shows the evolutionary relationships among pathogenic bacteria with existing FabD sequence and humanmitochondrial FabD. The numbers
on the tree branches indicate the average distance measured in sequence identity. (C) The structure of E. coli FabD. The Right shows the ribbon diagram of
E. coli FabD, whereas the Left is a closer look at its active site. Catalytic and substrate binding residues are displayed and labeled. A bound substrate of the
enzyme (malonate) is shown in green. PDB IDs that are used for the figure are 1mla, 2g2y, 2g2z.
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Fig. S2. Procedure for docking and virtual screening of FASII enzymes.

Fig. S3. Docking poses of active FabH inhibitors in two different E. coli FabH crystal structures (PDB codes 1hnd and 2eft) with different flexible side chains
such as Arg 36 and Arg249. The active site of FabH is not very flexible, and there are no large domain movements or loop movement upon ligand binding, as
indicated by the comparison with the two crystal structures with and without a ligand. However, in the mouth of the FabH active site there are several flexible
arginines with different conformations in the presence of different inhibitors. To account for the side chain flexibility of proteins, we performed virtual screen-
ing on the basis of multiple enzyme structures and select compounds that have reasonable interactions with the different enzyme structures. ECi11 (purple)
and ECi12 (cyan) were docked to 1hnd (yellow), whereas ECi26 (green) to 2eft (orange). ECi11 and ECi12 have very similar scaffolds. Their carboxylate groups
form salt-bridge interactions with Arg36 and Arg249. The two NH (-NHCSNH-) moieties form hydrogen bonds with Gly209. They also form hydrogen bonds with
two active-site conserved residues Asn274 and His244. ECi26 has a different scaffold. It has three rings and a better shape fitting to the active site. It forms a salt
bridge with Arg249 in the mouth of the active site similar to ECi11 and ECi12. It also forms a hydrogen bond with Phe213. The phenyl ring in ECi26 stacks
against Phe304 inside the active site, but there are no hydrogen bonds with Asn274 or His244.
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Fig. S4. Selected active compounds identified from FASII elongation assay and docking poses in their respective enzyme targets. (A) ECi21 docked in E. coli
FabF crystal structure (PDB: 2gfx) predicted as a FabB/F inhibitor. ECi21 has a binding mode similar to both thiolactomycin and platensimycin. It makes critical
interactions with the catalytic residues in the active site of FabB/F. Its carbonyl oxygen group forms hydrogen bonds with His340 and His303. It also makes a
hydrogen bond with Phe398. Its ring forms favorable π-stacking with the gate-keeping residue Phe400. It fits well in the malonyl-ACP pocket. (B–D) The inter-
actions shown in (B) for ECi13 docked in E. coli FabA (predicted as a FabA inhibitor) reinforce the relevance of Asp84 in FabA inhibition, already discussed for
FabZ (see Fig. 2G); (C) ECi10 docked in E. coli FabG, predicted as a FabG inhibitor; (D) ECi14 docked in E. coli FabI, predicted as a FabI inhibitor. Similarly to ECi10,
the interactions of ECi14 in the active site of FabI resemble those described for ECi16 (Fig. 2F). As for the case of FabG, Tyr151 and the NADP+ cofactor are the
main players in ligand binding to the FabG active site (C). A scaffold with phenyl rings connected by a polar moiety characterizes the FabI and FabG inhibitors,
because the aromatic portions are stabilized by stacking interactions with the oxidized nicotinamide of the cofactor and Phe and Tyr residues close to the active
site, whereas the polar group facilitates hydrogen bond interactions.
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Fig. S5. Representative results for the FASII elongation cycle inhibition assay. (A) Modified elongation assay in the presence of putative elongation cycle
enzyme inhibitors: ECi8, ECi11, and ECi16 (833 μg∕mL) incubated with 8 μg E. coli cell lysate. (B) ECi8, ECi19, ECi20, ECi21, ECi22, ECi23, ECi24, ECi25, and
ECi26 (833 μg∕mL) were tested against 4 μg cell lysate. (C) ECi10, ECi11, ECi12, ECi13, ECi14, ECi15, ECi16, ECi17, and ECi18 (833 μg∕mL) were tested against
16 μg cell lysate. (D) Dose-dependent inhibition of ECi8 toward FASII elongation enzymes (4 μg E. coli cell lysate).
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Table S1. Predicted essential enzymes using flux balance analysis (FBA) method based on reconstructed E. coli K-12 MG1655 metabolic
network (1)

LLThe list of essential enzymes of E. coli K-12 MG1655 predicted by FBA
analysis is shown. Red indicates uniform agreement with three genome-scale
E. coli viability studies, black represents one or two mismatches, and green
indicates disagreement with all 3 E. coli viability studies. Background of or-
ange (gray) indicates the gene is identified as essential (nonessential) in the
given E. coli deletion phenotype analysis (2–4).

Table S2. Crystal structures or homology models of the FASII enzymes used for virtual screening as well as
known inhibitors for each enzyme

Enzyme Avail PDBs & homology model (organism) Known inhibitors

FabB 2aqb (E. coli) with thiolactomycin analog, 2.19 Å; Thiolactomycin, Cerulenin,
Platencimycin,

Platencin,
BABX, Phomallenic acids

2vb8 (E. coli) with thiolactomycin, 1.52 Å
FabF 2gfx (E. coli) with platensimycin, 2.59 Å, C163Q mutate back;

2gfv (E. coli) 2.29 Å, C163Q mutate back;
2gqd (S. aureus) 2.3 Å

FabH 1hnj (E. coli) with malonyl coenzyme A, 1.46 Å; HR12, Indole analogs, Platencin,
1,2-Dithiole-3-ones,

Benzoylaminobenzoic
acids

1hnd (E. coli) with coenzyme A, 1.6 Å;
1mzs (E. coli) with indole analog, 2.1 Å;
2eft (E. coli) with coenzyme A, 2.0 Å;

1zow (S. aureus) 2.0 Å
FabD 2g2y (E. coli) with malonic acid, 2.26 Å; Corytuberine

2g2z (E. coli) with coenzyme A & malonic acid, 2.8 Å;
1mla (E. coli) 1.5 Å;

S. aureus homology model built based on E. coli
2g2y (39% similarity)

FabG 1q7b (E. coli) with NADP+, 2.05 Å; Polyphenols, flavones
1q7c (E. coli) with NADPH, 2.50 Å,Y157F mutant, mutated back

FabI 1qg6 (E. coli) with NAD & triclosan, 1.9 Å; Diazaborines, Diphenyl ethers,
Triclosan,

Isoniazid, Aminopyridines,
Polyphenols

1mfp (E. coli) with NAD & SB611113, 2.33 Å;
1dfh (E. coli) with NAD & thieno azaborine, 2.2 Å

FabA 1mka (E. coli) 2 Å; Allenic acids, 3-Decynoyl-NAC
FabZ E. coli homology model built based on P. falciparum

1z6b 2.1 Å (45% similarity)
NAS-91, NAS-21
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Table S3. Structures of compounds showing activity in in vitro experiments

FDi2 FDi4 FDi7 FDi8
ZINC00725132g2y ZINC001527932g2y ZINC002009292g2y ZINC002842752g2y
GScore: −6.09 GScore: −9.94 GScore: −8.18 GScore: −12.27
MMPBSA: −41.56 MMPBSA: −42.61 MMPBSA: −52.72 MMPBSA: −33.51

FDi10 FDi11 FDi12 FDi14
ZINC029683912g2y ZINC033507622g2y ZINC036602992g2y ZINC048196752g2y
GScore: −10.5 GScore: −7.28 GScore: −8.54 GScore: −7.94
MMPBSA: −34.22 MMPBSA: −40.94 MMPBSA: −31.81 MMPBSA: −18.89

FDi15 ECi8 ECi10 ECi11
ZINC067022822g2y ZINC022148252gfv ZINC066976421q7b ZINC046181811hnj
GScore: −7.35 GScore: −11.67 GScore: −9.10 GScore: −10.52
MMPBSA: −31.07 MMPBSA: −32.52 MMPBSA: −25.67 MMPBSA: −34.24

ECi12 ECi13 ECi14 ECi16
ZINC006214611hnj ZINC047163541mka ZINC044872831qg6 ZINC004331161qg6
GScore: −11.36 GScore: −12.98 GScore: −13.8 GScore: −13.42
MMPBSA: −31.84 MMPBSA: −23.7 MMPBSA: −28.3 MMPBSA: −36.71

ECi21 ECi23 ECi26
ZINC049284622gfx ZINC01281455Homolog

built on 1z6b
ZINC013179351hnj

GScore: −11.03 GScore: −15.07 GScore: −8.38
MMPBSA: −37.35 MMPBSA: −42.84 MMPBSA: −40.79

LLThis table includes the numbering of the compounds used in the study, their corresponding ZINC numbers, the PDB number of the crystal
structures used to screen against in the computational studies, Gscore (kcal∕mol) from docking using Glide XP, and MM-PBSA score (kcal∕mol)
from MM-PBSA calculation on the basis of 8-ns molecular dynamics simulation using Amber 9.
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Table S4. Summary of the in vitro enzyme assays of FabD inhibitors

LLStrong inhibitors (yellow shading) and weak inhibitors (orange shading)
are shown. +++: Strong inhibition; ±: partial inhibition; −: no inhibition in
KDH counterscreening.
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Table S5. Summary of the in vitro and in vivo effects of the predicted small molecule inhibitors

Enzyme assay Disc inhibition assay

# ZINC # Predicted targets Elongation assay FabD-KDH KDH E. coli S. aureus Cell toxicity assay

FDi1 00037017 FabD −

FDi2 00072513 FabD ++ + + + −

FDi3 00118785 FabD −

FDi4 00152793 FabD ++ ++ − −

FDi5 00152819 FabD −

FDi6 00155674 FabD −

FDi7 00200929 FabD ++ + + ++ +
FDi8 00284275 FabD ++ + − −

FDi9 00615908 FabD −

FDi10 02968391 FabD ++ + + ++ +
FDi11 03350762 FabD ++ − − −

FDi12 03660299 FabD + − − −

FDi13 04325226 FabD −

FDi14 04819675 FabD + − + + +
FDi15 06702282 FabD + − − −

ECi1 00530522 FabB&FabF −

ECi2 04003094 FabB&FabF −

ECi3 00270140 FabG −

ECi4 06706704 FabG −

ECi5 00616124 FabI −

ECi6 00621174 FabI −

ECi7 00451671 FabG −

ECi8 02214825 FabB&FabF ++ + ++ ++
ECi9 00318243 FabI −

ECi10 06697642 FabG + − −

ECi11 04618181 FabH + − − +
ECi12 00621461 FabH + − −

ECi13 04716354 FabA + − −

ECi14 04487283 FabI + − −

ECi15 00450024 FabB&FabF − − −

ECi16 00433116 FabI + + − +
ECi17 00162806 FabH −

ECi18 04389413 FabH −

ECi19 05138705 FabH −

ECi20 05011121 FabB&FabF −

ECi21 04928462 FabB&FabF ++ − −

ECi22 00215652 FabZ Decompose
ECi23 01281455 FabZ ++ + + ++
ECi24 00429948 FabI −

ECi25 06753074 FabH −

ECi26 01317935 FabH ++ − −

Triclosan FabI ++ ++ ++ ++
Cerulenin FabB&FabF ++ ++ ++ ++

LLThe table contains the numbering of inhibitors used in the studies, their corresponding ZINC number from ZINC database, their predicted
targets on the basis of virtual screening, the result from FabD-KDH coupled assay and KDH assay (see Table S4 for more detail), or FASII elongation
assay (see Fig. S5 for more details), the result from the disc inhibition assay on a LB agar plate, and the cytotoxicity assays.
++: Strong activity; +: weak activity; −: inactive; empty: no experimental data.
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