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Abstract

The enoyl-ACP reductase (FabI) enzyme is a well validated target for anti-staphylococcal drug 

discovery and development. With the goal of finding alternate therapeutics for drug resistant 

strains of S. aureus, such as methicillin resistant S. aureus (MRSA), our previously published 

series of benzimidazole-based inhibitors of the FabI enzyme from F. tularensis (FtFabI) have been 

evaluated against FabI from S. aureus (SaFabI). We report here the preliminary structure-activity 

relationship of this series and the prioritization of compounds toward lead optimization. 

Mutational studies have identified key residues that contribute toward stabilizing the inhibitors in 

the active site of FabI. Mutations that do not significantly impact enzyme function but destabilize 

inhibitor binding are more likely to occur in nature as organisms evolve to evade the action of 

antibiotics leading to resistance. Identifying these residues provides guidance for minimizing 

susceptibility to resistance. Additionally, we have identified compounds that elicit antibacterial 

activity through off-target effects and observe that close analogs can display differing modes of 

action (on-target vs off-target) and need to be individually evaluated early on to prioritize 

compounds for lead optimization. Overall, our data suggest that the benzimidazole scaffold is a 

promising scaffold for anti-staphylococcal drug development.
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INTRODUCTION

The increased resistance of S. aureus strains to current antibiotics has been a cause for 

increasing alarm in the infectious diseases community.1 Methicillin resistant S. aureus 
(MRSA) has been a leading cause for hospital associated infections in the Unites States, 

with MRSA being responsible for a high fatality rate, bypassing that for HIV.1 To address 

MRSA, several new antibiotics have been introduced in the clinic or are undergoing clinical 

trials.2 With the exception of linezolid and daptomycin, these antibiotics are second or third 

generation compounds in their respective class. S. aureus has historically shown resistance 

to the parent compounds in each class, and hence second and third generation antibiotics 

could be easily rendered ineffective over time. Thus, there is an urgent need for novel 

therapeutics with different mechanisms of action to combat resistance.

The bacterial fatty acid biosynthesis pathway (FASII) is an attractive target for developing 

novel therapeutics. It differs from the human counterpart as each step in the bacterial FASII 

pathway is catalysed by separate enzymes while the human FASI system consists of one 

multifunctional enzyme complex. The enzyme FabI catalyses the rate-limiting step in this 

pathway, reducing enoyl-ACP to acyl-ACP with NADH or NADPH as a cofactor depending 

on the bacterial species.3–4 FabI is not a broad spectrum target as it is known that not all 

Gram-positive strains are susceptible to FabI inhibition.5 This is in part due to the fact that 

some Gram-positive organisms such as S. agalactiae can uptake required fatty acids from the 

host and suppress de novo fatty acid synthesis via feedback inhibition of acetyl-CoA 

carboxylase.6–8 Additionally, the presence of other FabI isoforms in some bacterial species, 

such as FabK, FabL and FabV, render the inhibition of FabI ineffective for such species. 

However, the essentiality of the FASII pathway and the FabI enzyme in S. aureus has been 

well established.7–11 As a result the FabI enzyme is of significant interest as a drug target for 

narrow spectrum antibiotics for S. aureus infections.12–18

We have previously reported the identification and characterization of a novel series of 

benzimidazole-based FabI inhibitors with potent nanomolar enzyme inhibitory activities 

against FabI from F. tularensis (FtFabI).19–22 In addition to F. tularensis, some of the 

compounds in this series also show promising antibacterial activities against S. aureus and 

MRSA.21 This work describes the evaluation of this benzimidazole-based series of FabI 

inhibitors to explore its potential for the development of novel anti-staphyloccocal drugs.

Structural and sequence comparison among the FabI enzymes from S. aureus and F. 
tularensis indicate that they possess a high level of structural identity in the catalytic site. As 

expected, our benzimidazole-based FtFabI inhibitors display excellent enzyme inhibitory 

activities against SaFabI. The co-crystal structure of SaFabI bound to one of our 

benzimidazole based FabI inhibitors confirms the binding mode and aids the structure based 

drug design process to help with iterative improvement of antibacterial activity while 

maintaining enzyme inhibitory activity.21 Additionally, mutational analysis has led to the 

identification of residues playing a role in stabilizing the inhibitors in the active site. We 

discuss the roles of these residues to both the catalytic function and inhibitor stabilization. 

We have also focused on the minimization of off-target activity, another important aspect 

that is often overlooked during initial stages of drug development. Compounds with off-
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target antibacterial effects showed no difference in antibacterial activities in S. aureus and S. 
aureus overexpressing our target, SaFabI. We observe that closely related analogs with 

excellent enzyme inhibitory activities can elicit antibacterial activity through differing 

modes of action with some being on-target and some off-target. Our work thus sets the stage 

for further lead generation by prioritizing compounds for the next stage of development.

RESULTS AND DISCUSSION

Structure-Activity Relationship

Figure 1 presents the structures and IC50 values of the benzimidazole based FabI inhibitors 

tested in this study. Compound 1, our initial hit with FtFabI displays a promising IC50 of 

370nM with SaFabI.19–20 The lack of methyl groups at positions 5 and 6 on the 

benzimidazole ring in compound 2 reduces inhibitory activity compared to compound 1. 

Also, the presence of hydrophobic substituents at positions 5 and 6 (as in compounds 4–12) 

enhances inhibitory activity compared to compound 2. Lack of a meta substituent on the 

phenyl ring, coupled with an unsubstituted benzimidazole ring at positions 5 and 6, as in 

compound 3, causes a complete loss in activity. A methyl substitution on the methylene 

linker in compound 4 is well tolerated compared to compound 1. However, a carbonyl group 

on the methylene linker (compound 5) causes a complete loss in activity, as the sp2 carbon 

renders the compound planar, thus changing its binding mode. Cyclopentane and 

cyclohexane rings are preferred over a dimethyl substitution at positions 5 and 6 as 

compounds 6 – 11 show an increase in enzyme inhibitory activities compared to compound 

1. A dichloro substitution, methylenedioxy substitution, or m-methyl and p-methoxy at 

positions 12 and 13 on the phenyl ring (compounds 6–11) gave the most potent inhibitors in 

this series, with IC50 values in the 10 nM to 70 nM range. The cyclopentane in compounds 6 

and 7, and cyclohexane rings in compounds 9 and 10 have similar effects on the inhibitory 

activity with no significant preference for one over the other. However, this trend is not 

observed with compounds 11 and 12 where the cyclopentane substitution has a 10-fold 

better inhibitory activity compared to the cyclohexane substitution. The reason for this 

discrepancy is not understood at this point. By comparing compound 13 with compound 6 

we confirm that hydrophobic substituents are preferred at positions 5 and 6 as the 

cyclopentane ring is preferred over the tetrahydrofuran ring.

Co-crystal structure

The co-crystal structure of SaFabI with compound 12 was solved to a resolution of 2.3 Å. 

The asymmetric unit consists of two chains as a homodimer. Clear electron density is visible 

in the active site in the omit map that allowed for unambiguous positioning of the ligand. 

This inhibitor binds to SaFabI in the presence of the cofactor NADPH (Fig. 2A), similar to 

FtFabI, which binds NADH (Fig. 2B, 2C). The benzimidazole nitrogen atom is well 

positioned to be within hydrogen bonding distance of the 2′-ribose hydroxyl group of 

NADPH and the hydroxyl group of Y157. The F204 residue in SaFabI also makes an edge-

to-face interaction with the phenyl ring of compound 12, similar to FtFabI.20

Alignment of the co-crystal structures of FtFabI and SaFabI with compound 12 (PDB IDs 

4J3F and 4NZ9) reveals the binding mode to be essentially identical in both structures (Fig. 
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2C).21 On comparison of the active site, we see that the active site opening around the 

phenyl ring is wider in SaFabI than in FtFabI (Fig. 3A, 3B), while they are similar in size 

around the cyclohexane ring (Fig. 3C, 3D). While the SAR of the benzimidazole-based FabI 

inhibitors in SaFabI is mostly similar to that for FtFabI, compounds 9 and 10 show more 

than an order of magnitude better activities in SaFabI (IC50 values of 60 nM and 10 nM, 

respectively) than FtFabI (IC50 values of 750 nM and 320 nM, respectively).21–22 We 

hypothesize this to be due to the differences in the environment surrounding the phenyl ring 

in the crystal structure of FtFabI and SaFabI as well as the size of the active site. The 

methylenedioxy substituted phenyl ring is better accommodated in SaFabI due to a more 

open active site compared with that of FtFabI.

Mutational Studies

We used mutations to understand the contribution of key residues to the inhibitory activity of 

our compounds. Key residues identified for these studies include Y157, Y147 and F204. 

Y157 is a catalytic residue that is within H-bonding distance of the N-atom in the 

benzimidazole scaffold. Y147 is a residue known to be part of the SaFabI catalytic triad 

(Y147 (X)9 Y157 (X)6 K164), although its contribution to catalysis in SaFabI has long been 

questioned.23–24 We speculate that it could play an important role in stabilizing our 

inhibitors in the active site as it is in close proximity. The F204 residue is a part of the 

NADPH binding loop, but is not directly involved in an interaction with NADPH.25 As F204 

contributes to the hydrophobic environment around the phenyl ring of our benzimidazole-

based FabI inhibitors, the contribution of this residue to the stabilization of the inhibitors 

was also explored through mutation.

Table 1 highlights the kinetic parameters for the wild type and mutant forms of SaFabI. As 

expected the Y157 mutation drastically affected the enzyme activity. The mutation of this 

residue to a serine or alanine produced a complete loss of activity, while the Y157F mutant 

only retained ~ 4 % of the catalytic activity of the native SaFabI enzyme. Although the Km 

of the substrate (crotonyl-CoA) did not change for this mutant, the catalytic efficiency for 

this mutant was ~ 40-fold less than that for native SaFabI enzyme. This data confirms the 

previous speculation that Y157 is the catalytic residue.23 On the other hand, contrary to 

previous reports, we found the Y147F mutant to be stable, with catalytic activity similar to 

that for the native enzyme.24 The catalytic efficiency (kcat/Km) of the Y147F mutant is only 

2-fold lower than the native enzyme (Table 1). In the case of the F204L mutant, as expected, 

the kinetic parameters did not change relative to the native enzyme.

Figure 4A shows the inhibitory activities of triclosan, and benzimidazole-based inhibitors 1, 

6 and 7 on the native SaFabI enzyme and the Y157F, Y147F, and F204L mutants. Triclosan 

was found to be inactive against the SaFabI Y157F mutant at concentrations as high as 200 

μM. Compounds 1, 6, and 7, on the other hand, display similar inhibitory activities with this 

mutant (<10 fold change). A possible explanation for this modest change in enzyme 

inhibitory activities is that the benzimidazole N-atom is still within H-bonding distance of 

NADPH and the loss of the H-bonding interaction with Y157 residue in the Y157F mutant 

does not significantly impact the binding mode (Fig. 4B). More importantly, these results 

suggest that mutation of this catalytic Y157 residue will not lead to the development of 
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resistance unlike that seen with triclosan. All three compounds (1, 6, and 7) exhibit 

significant increase in IC50 values with both Y147F and F204L mutants (Fig. 4A). The 

activity of compound 1 decreased ~13-fold from 370 nM with the native enzyme to 5 μM 

with the Y147F mutant. Activity of compound 6 against the Y147F mutant decreased 24-

fold compared to native SaFabI, with IC50 values increasing from 50 nM with the native 

enzyme to 1.2 μM with the mutant. Compound 7 also showed a similar trend with the IC50 

increasing 60-fold from 30 nM with SaFabI to 1.8 μM with Y147F SaFabI. For the F204L 

mutant, the IC50 values for compounds 1, 6, and 7 increased ~11-fold, 38-fold, and 93-fold, 

respectively, compared to the native enzyme (IC50 values for compounds 1,6 and 7 increased 

from 370 nM, 50 nM and 30 nM, respectively, against native SaFabI to 4μM, 1.9μM, and 

2.8μM against SaFabI F204L).

Based on these studies we conclude that the inhibitory activities of the benzimidazole-based 

inhibitors against SaFabI are dependent on the contribution of the Y147 and F204 residues 

towards stabilizing these inhibitors in the active site. This provides key insight for the design 

of the next generation of inhibitors, with the goal of mitigating the dependence of activity on 

the F204 and Y147 residues, as these residues can easily mutate to destabilize inhibitor 

binding without significantly impacting enzyme catalysis.

Evaluation of on-target antibacterial activity

FabI overexpression in S. aureus has been previously used to confirm the mechanism of 

antibacterial activity of triclosan in S. aureus.26 An increase in MIC with the FabI 

overexpression strain is indicative of antibacterial activity being the result of on-target 

inhibition. The FabI inhibitors in this study were tested against both strains – the native S. 
aureus strain and S. aureus overexpressing FabI. We have not determined the total 

concentration of the FabI protein in the overexpression strain. However, from the plasmid 

copy number we estimate it to be >4 fold. Hence a four-fold or higher increase in MIC with 

the FabI overexpression strain is indicative of on-target FabI inhibition. Triclosan gave an 8-

fold increase in MIC with the FabI overexpression strain and hence provides a good control.

Figure 5 sums up the change in individual compound MICs against the wild type S. aureus 
and S. aureus overexpressing FabI. Compounds with promising IC50 values of <1μM and 

low μg/mL MIC values with the native strain are reported here. Compound 1 shows a >4 

fold increase in MIC with the SaFabI overexpressing strain indicating that the antibacterial 

effect is through FabI inhibition. However, compound 4, which has an IC50 and MIC in a 

range similar to those for compound 1, does not show a similar increase in MIC with the 

SaFabI overexpression strain. Similarly, compounds 6, 7, 8, 11, and 12, with excellent IC50s 

and promising MICs with the native S. aureus strain do not show an increase in MIC with 

the SaFabI overexpression strain. This indicates that the antibacterial effect for these 

compounds includes off-target effects. We suggest that this off-target activity could arise 

from the presence of another primary target within the bacterial cell. While there is no 

conclusive evidence supporting this, we have consequently de-prioritized compounds 6, 7, 8, 

11, and 12. Compounds 9 and 10, on the other hand, display a 4-fold increase in MIC with 

the overexpression strain. These compounds were further confirmed to be on-target by 
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testing with S. aureus carrying the empty plasmid (plasmid without the SaFabI insert) (data 

not shown).

In conclusion, this work provides compelling evidence that the benzimidazole based FabI 

inhibitors are capable of eliciting antibacterial activity by inhibiting the intended target, 

FabI, in S. aureus as three of our compounds show increased MICs with SaFabI 

overexpression. We also show that close analogs can elicit differing mechanisms of 

antibacterial activity and this needs to be identified early on during the drug development 

process to correctly prioritize compounds for pharmacokinetic analysis. One drawback with 

the current generation of the benzimidazole-based SaFabI inhibitors is the high logD values 

(~4). In addition to improving the drug-like properties and reducing logD, our goal with the 

next generation of inhibitors will be to also minimize resistance development by mitigating 

the dependence of the observed enzyme inhibitory activities on the Y147 and F204 residues 

by monitoring on-target activity. The benzimidazole-based scaffold is thus a promising first 

in-class scaffold for future anti-staphylococcal drug-development efforts.

MATERIALS AND METHODS

SaFabI inhibitors

Compounds 1 and 2 were purchased from ChemBridge Corporation (ID# 7725253 and 

5571325, respectively). Compound 3 was purchased from ASDI (ID# 100017167). Synthetic 

analogs 4–13 were previously synthesized by Dr. Arun Ghosh at Purdue University and their 

activity reported with FtFabI.21

Cloning and purification

The fabi gene from S. aureus strain Rosenbach (AATCC BAA-1556D-5) was PCR amplified 

using the following forward (SF-for) and reverse (SF-rev) primers: SF-for: 5′ TTATAA 

GGAGTTA CTCGAG ATGTTAAATC TTGAAAAC -3′ and SF-rev : 5′- CAA AGC TGT 

TGA GGA TCC TTA TTT AAT TGC G -3′ respectively. The fabI gene was inserted into 

the pET15b vector and ligation, transformation and protein purification were carried out 

using standard protocols.27 The fabI gene in the pET15b vector was used as the template for 

site-directed mutagenesis using the Q5 site directed mutagenesis kit from New England 

Biolabs with the vendor-recommended protocol for PCR and transformation into E. coli 
DH5 . The correct clones were then transformed into E. coli BL21 cells. Purification of 

mutant SaFabI was carried out using the same protocol as that for SaFabI.

Km determination

Reactions were carried out in 50 mM MES buffer at pH 5.5 with 100 mM NaCl, 0.1 mg/ml 

BSA and 0.01% triton and 200 nM enzyme in a final volume of 200 μL in a 96-well plate 

format. NADPH absorbance was measured at 340 nm. The Michaelis-Menten kinetic 

constant for crotonyl-CoA in the presence of NADPH was determined by varying the 

substrate concentration from 2000 to 31.25 μM, while maintaining NADPH at a fixed 

concentration of 200 μM and enzyme at 200 nM. Substrate Km determinations for all 

mutants were carried out using this same method.
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IC50 determinations

The assay was conducted using the above-mentioned buffer conditions with 100 nM enzyme 

and 200 μM substrate measuring NADPH fluorescence at 340 nm/460 nm in a 50 μL assay 

volume to measure the reaction rate. Compound concentrations were varied from 200 μM to 

0.4 nM. The compounds were incubated with the enzyme in the well for 20 minutes before 

addition of the substrate. Linear slopes for the first ten minutes were used to determine 

reaction rate.

Crystallization, Data Collection, Structure solution and Refinement

SaFabI at a concentration of 11.6 mg/mL was incubated with 5 mM NADPH and 1.5 mM 

compound for 1 hour at room temperature prior to crystallization set up. Diffraction quality 

crystals were obtained by the hanging drop method with buffer containing 200 mM lithium 

sulfate, 40% PEG400 in 0.1M Tris-HCl pH 8.5. Crystals were cryoprotected with 15% 

glycerol and data was collected at the LS-CAT 21-ID-D beamline at the Advanced Photon 

Source, Argonne National Laboratory using a wavelength of 1.12 Ǻ, a sample-to-detector-

distance of 250mm and an oscillation angle of 0.5°. Diffraction data was processed using 

XDS and the structures were solved by molecular replacement using Phaser in the CCP4 

program suite and the coordinates of FtFabI complexed with compound 12 (PDB ID 

4J3F).21, 28–29 Refinement was performed using Refmac5.5 and the models built using the 

program COOT.30–31 The models were validated by Molprobity.32 The data collection 

statistics, final refinement statistics, and the statistics for the final geometry of the models 

are presented in Table 2. Coordinates of the final structures have been deposited in the PDB 

under the accession code 4NZ9.

Generation of the S. aureus strain overexpressing SaFabI

We used the E.coli-B. thuringensis shuttle vector pHT370 for overexpression of FabI in S. 
aureus.33 This vector contains genes for ampicillin and erythromycin resistance, for 

selection of correct clones in E. coli and S. aureus respectively. The gene encoding the FabI 

protein, along with its putative promoter was PCR amplified from the S. aureus ATCC 

BAA-1556D5 genomic DNA. The sequences of the forward and reverse primers were as 

follows: Forward primer: 5′ - CAA ACA TTT ATC GCA TGC GTT GTA ATA CGT - 3′, 

Reverse primer: 5′ - CAA AGC TGT TGA GGA TCC TTA TTT AAT TGC G -3′. Initial 

selection of the correct clone was done in E. coli DH5α cells. The correct clone was 

extracted and then transformed into S. aureus. The S. aureus strain used for these studies was 

the RN4220 strain. Electro-competent S. aureus was prepared in the lab as follows. Wild 

Type Sa RN4220 was grown overnight in Tryptic Soy Broth (TSB) and the next day diluted 

to a final O.D. of 0.5 in fresh, pre-warmed media before growing for an additional 30 

minutes at 37 °C. The culture was then chilled in an ice slurry for 10 minutes and then 

harvested (by centrifuging at 2500 rpm for 15 minutes at 4 °C). The pellet was re-suspended 

in an equal volume of sterile, chilled water and centrifuged again. This step was repeated 

twice, followed by sequential re-suspension and centrifugation of the pellet in 1/10th and 

1/25th the original volume. The resulting cell pellet was finally resuspended in 1/200th of the 

original volume. To preserve the integrity of the cells and increase the efficiency of 

electroporation, electro-competent S. aureus cells was prepared fresh, on the day of the 
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eletroporation. For electroporation, 100 μL of the cell suspension was centrifuged for 1 

minute at 5000 × g. The pellet was re-suspended in 50 μL of a chilled, filter sterilized 

solution of 500 mM sucrose with 10% glycerol. Approximately 5 μg of either the empty 

pHT370 plasmid or the pHT370 plasmid with SaFabI insert was added to the re-suspended 

electro-competent cells. The mix was transfered to a chilled electroporation tube (2 mm, 

Bio-Rad). A Bio-Rad electroporator with a preset protocol for S. aureus transformation was 

used. Immediately after the electroporation, 900 μL of a sterile solution of 500 mM sucrose 

in TSB was added to the tube and mixed well before transferring the mix to a 15 mL culture 

tube in which it was incubated with shaking for 1 hour at 37 °C. The cells were plated on 

TSA plates with 2 μg/mL erythromycin and incubated overnight at 37 °C. Selection of the 

right clone with the SaFabI insert was done by following the MICs with triclosan and 

erythromycin. Colonies with no insert showed an increase in the MIC for erythromycin only 

when compared to the wild type S. aureus strain RN4220, while colonies with the SaFabI 

insert showed an increase in the MIC of both triclosan and erythromycin compared with the 

wild type S. aureus strain RN4220.
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ABBREVIATIONS

MRSA Methicillin resistant Staphylococcus aureus

FAS Fatty acid synthase

Enoyl-ACP Enoyl-Acyl Carrier Protein

SaFabI Staphylococcus aureus FabI

FtFabI Francisella tularensis FabI

crotonyl-CoA Crotonyl-coenzyme A

NADPH β-nicotinamide adenine dinucleotide phosphate

NADH β-Nicotinamide adenine dinucleotide, reduced

MIC Minimum Inhibitory Concentration
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Figure 1. 
Structures and IC50 values of benzimidazole-based compounds against SaFabI. Atom 

numbering is highlighted in Compound 1.
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Figure 2. 
(A) Binding mode of compound 12 in the active site of SaFabI (PDB ID 4NZ9). (B) Binding 

mode of compound 12 in FtFabI (PDB ID 4J3F). (C) Overlay of compound 12 in the active 

sites of SaFabI (cyan backbone) and FtFabI (green backbone) indicates that the compound 

displays identical binding modes in both SaFabI and FtFabI.
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Figure 3. 
Comparison of the active sites in SaFabI and FtFabI. The active site around the phenyl ring 

of compound 12 is more open in SaFabI (A) than FtFabI (B). On the other hand, the active 

site opening around the cyclohexane ring of compound 12 is similar in both enzymes (C and 

D).
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Figure 4. 
(A) Comparison of inhibitory activities of benzimidazole based inhibitors against native 

SaFabI and SaFabI Y157F, F204L and Y147F. Triclosan was used as a control.

(B) The benzimidazole N of compound 12 is within hydrogen-bonding distance from –OH 

of Y157 and the cofactor NADPH in the SaFabI active site. (PDB ID: 4NZ9)
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Figure 5. 
Evaluation of on-target antibacterial activity. Comparison of MIC of compounds with wild 

type S. aureus (red bars) and S. aureus strain overexpressing SaFabI (blue bars) to determine 

on-target antibacterial activity. Compounds with promising IC50s and MICs (with wild S. 

aureus) are shown here. The ≥4 fold increase in MIC with the SaFabI overexpression strain 

indicates antibacterial activity is the result of on-target inhibition as seen in the case of 

compounds 1, 9, and 10. Triclosan (TCL) is used as a control.
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Table 1
Kinetic parameters of SaFabI mutants relative to the wild type enzyme

Saturating concentrations of 200 μM NADPH were used and Crotonyl-CoA concentrations were varied from 

2000 μM to 31 μM.

Enzyme kcat
(min-1)

Crot-CoA Km
(μM)

kcat/Km
(min-1 μM-1)

WT SaFabI 65.7 ± 2.2 236 ± 158.4 0.36 ± 0.25

SaFabI Y157A No activitya

SaFabI Y157S No activitya

SaFabI Y157F 2.9 ± 0.4 242 ± 17 0.01 ± 0.002

SaFabI Y147F 79.5 ± 12 454.5 ± 10.6 0.17 ± 0.02

SaFabI F204L 59.5 ± 3.6 258.5 ± 195.9 0.33 ± 0.26

a
No activity for mutant observed at 2 μM enzyme concentration.
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Table 2

Data collection and Refinement Statistics

Data Collection: Compound 11 + SaFabI (PDB ID: 4NZ9)

Space group P21 212

Unit cell parameters:

a,b,c (Å) a = 80.5,
b = 61.0
c = 112.6

Resolution (Å) 2.18

No. reflections 232529

No. averaged reflections (unique) 29318

Rmerge (%) 14.7

I/σI 12.1

Completeness % 98.8

Refinement

Resolution range (Å) 20.0 – 2.30

no. reflections in working set 24060

No. of free reflections 1265

Rcrys (%) 22.6

Rfree (%) 27.8

Figure of merit 0.83

average B-factor (Å2) (protein) 26.6

No. of protein molecules in asymmetric unit 2

RMSD from ideal geometry:

Bond lengths (Å) 0.01

Bond angles (deg) 1.17

Ramachandran plot

favored (%) 93.5

outliers (%) 1.0
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