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Abstract 14 

GSK2251052 is a broad-spectrum antibacterial inhibitor of leucyl tRNA-synthetase (LeuRS) that has 15 

been evaluated in Phase II clinical trials. Here we report the identification of a clinical isolate of 16 

Staphylococcus aureus that exhibits reduced susceptibility to GSK2251052 without prior exposure to 17 

the compound, and demonstrate that this phenotype is attributable to a single amino acid 18 

polymorphism (P329) within the editing domain of LeuRS. 19 

 20 

  21 



Text 22 

GSKヲヲヵヱヰヵヲ ふGSKげヰヵヲぶ ｷゲ ; novel, broad-spectrum antibacterial agent that selectively inhibits bacterial 23 

leucyl tRNA-synthetase (LeuRS) (1). Although this compound appears to possess many of the requisite 24 

properties of an antibacterial drug for treating infection in humans, it also has the undesirable feature 25 

of rapidly selecting resistance in bacteria; in Phase II clinical trials involving adult subjects suffering 26 

complicated urinary tract infections, resistance to GSKげヰヵヲ developed within two days of 27 

administration in three of 14 patients (1) (2). Here we report that, in addition to arising rapidly in bacteria 28 

under ゲWﾉWIデｷﾗﾐが ヴWS┌IWS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲ is pre-existing amongst clinical isolates of 29 

Staphylococcus aureus that have not been exposed to the drug, a phenomenon that is the result of 30 

polymorphism in the drug target.  31 

GSKげヰヵヲ was obtained by chemical synthesis, according to established methodology (3). To evaluate 32 

the susceptibility of staphylococcal strains to this compound, a small panel of S. aureus blood culture 33 

isolates (n= 52) was tested using the micro-broth dilution method, according to CLSI guidelines (4). 34 

These isolates were recovered from patients at the Erasmus MC University Medical Center Rotterdam 35 

(Netherlands) between November 2009 and May 2010, and therefore originate from a country in 36 

┘ｴｷIｴ GSKげヰヵヲ ｴ;ゲ ﾐW┗Wヴ HWWﾐ デヴｷ;ﾉﾉWSが ;ﾐS during a period that predates the clinical evaluation of 37 

GSKげヰヵヲ (2). Consequently, it may be stated with some confidence that these isolates have never been 38 

exposed to this compound in the clinic. GSKげヰヵヲ exhibited a minimum inhibitory concentration (MIC) 39 

of 2-4 mg/L against all isolates, with the exception of one (strain 1372) for which the MIC was 16 mg/L. 40 

This degree of reduced susceptibility デﾗ GSKげヰヵヲ ｷゲ equivalent to that exhibited by a resistant 41 

Escherichia coli strain selected in a patient upon administration ﾗa GSKげヰヵヲ in the Phase II clinical trial, 42 

and which was associated with microbiological failure (2). 43 

 44 



To determine the mechanism for reduceS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲ ｷﾐ S. aureus 1372, we proceeded 45 

on the basis that this phenotype was likely the result of polymorphism in the drug target (LeuRS), and 46 

subjected the entire leuS gene from this strain to PCR amplification and DNA sequence determination. 47 

This revealed that, in comparison to the leuS gene of デｴW a┌ﾉﾉ┞ GSKげヰヵヲ-susceptible laboratory strain S. 48 

aureus SH1000 (5)(6), leuS1372 encodes a protein containing four amino acid polymorphisms (T311I, S329P, 49 

A553G and F734Y; SH1000 residue shown first in each case).  50 

To establish whether one or more of these polymorphisms account for the reduced susceptibility to 51 

GSKげヰヵヲ, leuS1372 and leuSSH1000 were PCR-amplified using oligonucleotide primers 52 

ATCGTTATGTCGACTTTTTTATTGAATAGGAGGA and TGCTTAGTGGATCCATTTCAAAGTCCTCCTTAAA 53 

(engineered restriction sites underlined) and introduced into the staphylococcal expression vector, 54 

pLOW (7), for ectopic expression in S. aureus SH1000. Strain SH1000 (pLOW: leuS1372) exhibited a 55 

substantial reduction in s┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲ ふMIC 64 mg/L) compared to SH1000 (pLOW: 56 

leuSSH1000) (MIC 16 mg/L), confirming that the reduced susceptibility of S. aureus 1372 デﾗ GSKげヰヵヲ is 57 

indeed a consequence of polymorphism in LeuRS.  58 

Of the four amino acid polymorphisms in LeuRS1372, two (I311 and G553) are also found encoded in the 59 

leuS gene of strains of S. aureus whose genome sequences have been deposited in the public 60 

databases (strains MRSA252 [GenBank accession no: BX571856] and Mu50 [GenBank accession no: 61 

BA000017]). When we tested these strains, neither was more resistant デﾗ GSKげヰヵヲ than SH1000, 62 

implying that neither of these polymorphisms participates in ヴWS┌IWS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲく Of the 63 

remaining two polymorphisms in LeuRS1372, we considered P329 the most likely candidate for mediating 64 

the relative insensitivity of the enzyme デﾗ GSKげヰヵヲが since it resides within the editing domain, a region 65 

of the protein containing the majority of amino acid substitutions identified in the LeuRS of clinical 66 

isolates of E. coli in which resistance to GSKげヰヵヲ has evolved (2) (Figure 1). To test this, the substitution 67 

S329P was engineered into pLOW: leuSSH1000 using the Q5 Site-Directed Mutagenesis Kit (New England 68 

Biolabs, MA, USA) and oligonucleotide primers TTATGTATTACCAACATATGGTACTG (engineered 69 



mutation underlined) and TCAGCAATCCAAATTTGTAC. Introduction of this construct into SH1000 70 

resulted in a strain exhibiting the same degree of ヴWS┌IWS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲ ふMIC 64 mg/L) as 71 

SH1000 (pLOW: leuS1372), thereby confirming that the polymorphism P329 in LeuRS is responsible for 72 

the decreased susceptibility of strain 1372 デﾗ GSKげヰヵヲく  73 

With a view to understanding how this polymorphism ﾐWｪ;デｷ┗Wﾉ┞ ｷﾏヮ;Iデゲ デｴW ;Iデｷ┗ｷデ┞ ﾗa GSKげヰヵヲ 74 

against LeuRS, we examined the published crystal structure of Thermus thermophilus LeuRS bound to 75 

the parent compound (AN2690) of GSKげヰヵヲ (PDB ID: 2V0C). AN2690 forms an adduct with tRNAleu that 76 

becomes trapped in the editing site of the enzyme (8), with residues lying in close proximity to the P329 77 

polymorphism participating in binding the tRNA portion of this adduct. In particular, the preceding 78 

residue (L329, T. thermophilus numbering) forms two hydrogen bonds with nucleotide A76 of the 79 

tRNAleu (8). The presence of a conformationally-rigid proline adjacent to this position would likely serve 80 

to constrain the protein backbone, thereby restricting the conformation of this leucine residue and 81 

potentially impairing its ability to make these hydrogen bonds; loss of one or more hydrogen bonding 82 

contacts would reduce the affinity of the enzyme for the tRNAleu: drug adduct, and thereby lead to 83 

reduced susceptibility to the compound. 84 

In conclusion, we have shown that a polymorphism (P329) in the LeuRS enzyme of a clinical isolate of 85 

S. aureus ﾏWSｷ;デWゲ ヴWS┌IWS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲく Whilst our results do not at this stage enable 86 

informed speculation regarding the prevalence of, or the underlying reason(s) for, this polymorphism, 87 

it is clear that its presence is in no part attributable デﾗ ゲWﾉWIデｷﾗﾐ H┞ GSKげヰヵヲく The identification of a 88 

clinical S. aureus isolate that exhibits uniform reduced susceptibility, at the level of the drug target, to 89 

an experimental antibacterial drug with which it has never before been challenged, although a 90 

phenomenon that has been reported previously (9), is apparently rare or infrequently documented. 91 

Our findings raise the possibility that polymorphisms associated with reduced susceptibility to 92 

GSKげヰヵヲ ;ﾉゲﾗ W┝ｷゲデ ｷﾐ ゲデヴ;ｷﾐゲ ﾗa ﾗデｴWヴ H;IデWヴｷ;ﾉ ヮ;デｴﾗｪWﾐゲが and underscore the utility of assessing the 93 



activity of antibacterial drug candidates against clinical isolates as part of preclinical evaluation to 94 

identify any pre-existing mechanisms mediating reduced susceptibility.  95 

 96 

Funding information 97 

This work was supported by a grant from the European Union Framework 7 (FP7) programme - 98 

Health.2013.2.31-1- NABARSI (Grant agreement no: 601725). The funders had no role in the study 99 

design or in the decision to submit the work for publication.   100 

 101 

Transparency declaration 102 

None to declare. 103 

 104 

105 



References 106 

1. Hernandez V, Crepin T, Palencia A, Cusack S, Akama T, Baker SJ, Bu W, Feng L, Freund YR, Liu L, 107 

Meewan M, Mohan M, Mao W, Rock FL, Sexton H, Sheoran A, Zhang Y, Zhang YK. Zhou Y, Nieman JA, 108 

Anugula MR, Keramane EM, S;┗;ヴｷヴ;ﾃ Kが RWSS┞ DSが Sｴ;ヴﾏ; Rが S┌HWSｷ Rが Sｷﾐｪｴ Rが OげLW;ヴ┞ Aが Sｷﾏﾗﾐ NLが 109 

De Marsh PL, Mushtaq S, Warner M, Livermore DM, Alley MRK, Plattner JJ. 2013. Discovery of a Novel 110 

class of boron-based antibacterials with activity against Gram-negative bacteria. Antimicrob Agents 111 

Chemother. 57:1394-1403. 112 

2. OげD┘┞Wヴ Kが Sヮｷ┗;ﾆ ATが Iﾐｪヴ;ｴ;ﾏ Kが Min S, Holmes DJ, Jakielaszek C, Rittenhouse S, Kwan AL, Livi GP, 113 

Sathe G, Thomas E, Van Horn S, Miller LA, Twynholm M, Tomayko J, Dalessandro M, Caltabiano M, 114 

Scangarella-Oman NE, Brown JR. 2015. Bacterial resistance to leucyl-tRNA synthetase inhibitor 115 

GSK2251052 develops during treatment of complicated urinary tract infections. Antimicrob Agents 116 

Chemother. 59:289-298. 117 

3. Baker SJ, Hernandez VS, Sharma R, Nieman JA, Akama T, Zhang YK, Plattner JJ, Alley MRK, Singh R, 118 

Rock F. June 2008. Boron-containing small molecules. US patent 12/142,692. 119 

4. Clinical and Laboratory Standards Institute. 2012. Methods for dilution antimicrobial susceptibility 120 

tests for bacteria that grow aerobically, 9th ed, vol 32,no. 2. Approved standard M07-A9. Clinical and 121 

Laboratory Standards Institute, Wayne, PA. 122 

5. Horsburgh MJ, Aish JL, White IJ, Shaw L, Lithgow JK, Foster SJ. 2002. sigmaB modulates virulence 123 

determinant expression and stress resistance: characterization of a functional rsbU strain derived from 124 

Staphylococcus aureus 8325-4. J Bacteriol. 19:5457-546. 125 

6. OげNWｷﾉﾉ AJ. 2010. Staphylococcus aureus SH1000 and 8325-4: comparative genome sequences of key 126 

laboratory strains in staphylococcal research. Lett Appl Microbiol. 51:358-361. 127 

7. Liew ATF, Theis T, Jensen SO, Garcia-Lara J, Foster SJ, Firth N, Lewis PJ, Harry EJ. 2011. A simple 128 

plasmid-based system that allows rapid generation of tightly controlled gene expression in 129 

Staphylococcus aureus. Microbiology. 157:666-676. 130 

8. Rock FL, Mao W, Yaremchuk A, Tukalo M, Crepin T, Zhou H, Zhang YK, Hernandez V, Akama T, Baker 131 

SJ, Plattner JJ, Shaprio L, Martinis SA, Benkovic SJ, Cusack S, Alley MRK. 2007. An antifungal agent 132 

inhibits an aminoacyl-tRNA synthetase by trapping tRNA in the editing site. Science. 316: 1759 に 1761. 133 



9. Watters AA, Jones RN, Leeds JA, Denys G, Sader HS, Fritsche TR. 2006. Antimicrobial activity of a novel 134 

peptide deformylase inhibitor, LBM415, tested against respiratory tract and cutaneous infection 135 

pathogens: a global surveillance report (2003-2004). J Antimicrob Chemother. 57:914-923. 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 



 149 

Figure 1. Schematic of the LeuRS protein, with a close-up on part of the editing domain, showing the 150 

amino acid substitutions (within this region) デｴ;デ ﾏWSｷ;デW ヴWS┌IWS ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ GSKげヰヵヲ ｷﾐ S. 151 

aureus (this study) and E. coli (2). Residue numbering corresponds to the S. aureus sequence, and 152 

amino acid substitutions are denoted above and below the sequence alignment for S. aureus and E. 153 

coli, respectively. 154 
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