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Abstract

Aminoacyl-tRNA synthetases are ubiquitous and essential enzymes for protbiessy and also a variety

of other metabolic process especially in bacterial species. BacteriabAcyl-tRNA synthetases represent
attractive and validated targets for antimicrobial drug discovery if issfym®karyotic verses eukaryotic
selectivity and antibiotic resistance generation can be addressed. Waeterveined high resolution X-
ray crystal structures of the. coli and S. aureus seryl-tRNA synthetases in complex with amino-acyl
adenylate analogues and used computational drug discovery techniques to explore arnksmolecule
inhibitors that selectively bind the bacterial seryl-tRNA synthetaseglwiehuman homologues, opening

a route to selective chemical inhibition of these bacterial targets.


mailto:david.roper@warwick.ac.uk

I ntroduction

The fidelity of protein synthesis is absolutely reliant upon the provisiapexdific amino acids by tRNA
molecules for use by the ribosomErrors in this process lead to defects in protein folding and function
leading to cell deathEach of the 20 amino acids has its own aminoacyl-tRNA synthetase (aaRS) which
catalyses the attachment of the amino acid to its cognate tRNA. Despite tthafait aaRSs share the
same overall mechanism it has long been recognised there is clearly siguifieasity between bacterial,
mammalian and archaeal enzymes to allow for synthetic and natural product dig@rimbeiween
pathogen and host enzyrfiésIn addition, several amino acids are able to bind non-cognate aaRSs allowing
for the possibility of exploiting this feature for antimicrobial discov&myr example, the amino acid serine

is able to bind the alanyl-(AlaRS), and threonyl-tRNA synthetase (ThrRSj alith its cognate seryl-
tRNA synthetase (SerR&S)This incorrect binding is rectified in nature by numerous proofreading
mechanisms® However, in this context one of the major challenges presented by aaRSetssftarg
antimicrobial drug discovery, is thaibiquitous presence in organisms and particularly with respect to
bacterial infectiorin human tissues requiring exploration of strategies that allow for bacieleativity to
prevent issues of specificity and toxicity

Aminoacyl sulfamoyl adenosines (aaSAs) are non-hydrolysable mimetics of theaagli adenylate
intermediate (aaAMP) formed during the aaRS catalytic cycle and are potenbishilbiithese enzymé$s.

A significant number of natural product inhibitors mimic these reactiomietdiates forming tight binding
complexes with substantial affinity competing effectively with natural substr@éshose, mupirocin is

the most prominent example which has found clinical utility as a topic treatmesaiffoissue infections.
Mupirocin targetghe IleRS enzyme and utilises a hydrophobic “tail” in addition to aminoacyl adenylate
warhead to bind to its targét By contrast to many antibiotics in clinical use, seryl sulfaradgnosine
(SerSA,1) can bind and inhibit AlaRS and ThrRS in addition to SerRS and hence is aargéting
inhibitor® 2 It can be predicted therefore that SerSA would therefore require mutations in several of these

enzymes before a resistance phenotype could be conferred.

Although the X-ray crystal structure of E.coli SetR8as solved in 199@nd several further related reports
have been published, on SerRS from T. thermopfilds Methanosarcina barké?i Pyrococcus
horikoshit’, Candida albicai® as well as human cytoplasifi@nd bovine mitochondri#lform of the
protein, there are no entries for E.coli SerRS in the protein databank hamperirtg &ffantimicrobial
structure guided drug discovery. Moreover, the X-ray crystal structiderobin Seryl-tRNA Synthetas
and Ser-SA complex reveals specific conformational changes upon catalysis necessacyidéor which

are not found in bacterial homologues providing further perspectives upon changasturesthat may



allow prokaryotic from eukaryotic specificity. In this study we set out to increase the available structural
information for human bacterial pathogens and use this to investigajgoshilities for designing

bacterial specific SerRS enzyme inhibitors.

Results

Crystal structuresof SerRSin complex with SerSA.

The electron density maps of the crystal structures of full-length SerR® HEszherichia coli and
Staphylococcus aureus complexed with SerSA at 1.98 A and 2.03 A, respeéiigely Supplementary
Table 1), were unambiguous for SerSA. In both structures, SerSA bound deep into a weli«edigerkRS
aminoacylation catalytic pocket and stabilized by a network of hydrogen bomdctidas from the
residues in motif 2, motif 3 and the serine-binding TXE motif (Fig. 1Aypi@al binding mode in all class

2 aaRS. Superimposition of the SerSA bound structures of E. coli, S. aureus and humasnoit§e#rkRS
(PDB ID: 4L87 shows a high degree of similarity between the active site pockets and the orienfations o
the bound SerSA. However, the N-terminal tRNA-binding domain (i.e. the two-strartdedratiel coiled

coil making the long helical arm) protruding away from the active site pock#ie tompared structures
shows large conformational changes resulting in a high RMBBPp{ementary Table 2). The purine ring

of the adenosine in SerSA is sandwiched betveaemserved phenylalanine (F287 in E. coli SerRS, F281
in S. aureus SerRS and F321 in human cytoplasmic $arRiSarginine (R397 in E. coli SerRS, R391 in
S. aureus SerRS and R435 in human cytoplasmic SediRS)ing a typical n— stacking interaction (Fig.

1B). The M284 in E. coli SerRS, L278 in S. aureus SerRS and V318 in huto@fasyic SerRS play a
same role by providing adenosine specificity through two main chain hydrogen bondimeradth the
ring nitrogen’s (Fig. 1C). The 2'-OH and the 3'-OH of the ribose ring in SerSA inter#ctthhe carbonyl
oxygen of a hydrophobic residue (1356 in E. coli SerRS, 1350 in S. aureus 88dRIS392 in human
cytoplasmic SerRS) and a conserved glutamic acid (E355 in E. coli JEBRSin S. aureus SerRS and
E391 in human cytoplasmic SerRS) respectively. The seryl moiety of Ser&#&dsxteep into the pocket
to interact with T237, E239, R268, E291, N389 and S391 in E. coli SerRS and equivaleesrasiiu

aureus SerRS and human cytoplasmic SerRS.

Design and synthesis of the selectivity probe.

The X-ray crystal structures of E. coli SerRS, S. aureus SerRS ahdrfam cytoplasmic SerRS (PDB
ID: 4L87) were overlaid in Maestrd.Interestingly, a thorough analysis of the active site pockets revealed

a small extension in the hydrophobic cavity adjacent to the C-2 positiSer8fA in the E. coli an8.



aureus SerRS structurey.(This hydrophobic cavity extension is absent in the human cytoplasmic SerRS
(Supplementary Fig. 1b) as it is filled by the bulkier side-chain of T434.

A focussed structure activity relationship (SAR) series with variarttedE-2 position of SerSA adenosine
was designed to investigate the steric tolerance of the hydrophobic cavity estdlilish the degree of
selectivity for the bacterial over the human cytoplasmic SeliRf5Za). In silico molecular docking of the
designed selectivity probes into the active site pockets of the E. coli, S. amdchsiman cytoplasmic
SerRS crystal structureSypplementary Methods) and visual analysis of the predicted docking poses
(Supplementary Fig. 1c-d) suggested that chloro- and iodo-seryl sulfomyl adenylate deriv&isad3
respectively would not achieve selectivity witland3 are predicted to interact equally as well with both
the bacterial and human cytoplasmic SerRS. Compotidgere however predictdd exhibit selectively

for the bacterial SerRS over the human SerRS.

The bulkier groups located at the 2 position of compodrgisvere predicted to be accommodated in the
pocket of the bacterial enzymes. However, due to the steric hindrance from the T434 residue in the human
cytoplasmic SerRS, compoundi8 were predicted to change the torsional angle between the adenine and
ribose sugar upon binding to the human cytoplasmic SerRS. As a result of the taistogd ther-n

stacking interactions with F287 and the backbone interaction to V318 aesldisig to a weaker predicted
binding affinity and therefore increased selectivity for the bacterial SSRBlementary Fig. 1d).

Preparation of SerSA selectivity probes was initiated by the acid-sathprotection of the commercially
available 2-chloroadenosine or 2-iodoadenosine (Fluorochen), tdKprovide the acetyl-protected
adenosines (95-97%ipplementary Synthesis). A Suzuki coupling reaction between the protected
adenosine and desired boronic acid species (20-70%) was contfuméate sulfonation using sulfonyl
chloride to afford the sulfonamid®©®95%). The sulfonamide was then coupled to the succinimide
activated protected serin{&l1, Supplementary information) to yield the protected product (40-50%)
Removal of the benzyl group was accomplished by treatment with a solution of boron ttecHiorethyl
sulfide complex (2M in DCM¥? and the resulting alcohol was treated with trifluoroacetic acid and water

to yield compoundg-8 (2-8, seeExperimental Section andSupplementary I nformation for details).
Bacterial synthetase inhibition by selectivity probe

Using a continuoyspectrophotometric assay that specifically measures the adenylate fomsadidm®,
compound=2-8 were evaluated for inhibition of the ATP dependent aminoacyl adenyl#te iB. coli
SerRS and S. aureus SerRS enzymes and compared to the inhibition of thes@ateatienylate,
compoundL. Our analysis reveals compouri8 to be active against E. coli SerRS and S. aureus SerRS

with 1Cso values ranging from 378 nM to 52.7 uMaple 1). Compound2 exhibited sub micromolar



inhibition of the S. aureus SerRS and E. coli SerRS withs|6f 262 nM and 445 nM respectively.
Compound3 also exhibited sub-micromolar inhibition of S. aureus SerRS with &0fC378 mM but
weaker inhibition against E. coli SerRS with arl6f 1.36 uM. Compound4-8 all manifested low
micromolar inhibition against both E. coli and S. aureus SerRS as detailedeir tablgeneral trend is
observed where increasing the size of the group at the 2 position of the adenykasatethe binding
affinity to the bacterial synthetase. Alanyl sulfamoyl adenosine (Al&@Aand threonyl sulfamoyl
adenosine (ThrSAO) were also evaluated for inhibition against E. coli SerRS and S. aureRS Ser
(Supplementary Table5). AlaSA9 showed no inhibitory activity against either enzyme at 1 mM vilidile
manifestedCses of 285 pM and 231 pM against E. coli SerRS and S. aureus SerRS respectively, thus
exhibiting much weaker binding than the designed selectivity probes. This resulihitgtite key nature
of the beta-hydroxyl of the serine to the overall binding of the compound to the addortzdtion site in
these enzymes and that overall inhibitory properties of Seryl adenylate inhibitors maditied the C2
position of the SerSA adenosine.

Human synthetase inhibition by selectivity probes

Measurement of the kginhibition kinetics of the original Seryl adenylate, compoliadainst the bacterial
and human SerRS enzymes, reveal®-old difference overall, in favour of greater specificity for the
inhibitor towards the bacteria enzymes. Compouiisvere subsequently screened for inhibition of the
human cytoplasmic SerR$ gble 1) using the same assay system. Assay measurements of compounds
and3, revealed a 31-fold and 11-fold increase igl&ainst the bacterial and human enzyrreficating
compound® and3 were not exhibiting selectivity overall and had lower affinity ttienoriginal adenylate,
compoundl. Overall the observed Kgof compounds 2-8 increased with respect to the parental adenylate
but remarkably inhibition of the human cytoplasmic SerRS was effectively abolislvednpoundsi-8

with ICspvalues greater than 1 mM, revealing significant selectivity afebempounds towards the tested
bacterial seryl synthetases. The best of these compoundsith a 3-Thienyl at the C-2 position of the
SerSA adenosine had an increase i t®er the parent compourddof 6.8 and 8.4 fold for E. coli ar8l
aureus enzymes respectively, with effectively negligible binding tbuihean homologueThe observed
selectivity overall was attributed to the increased siZe&ifnaking them unable to fit into the hydrophobic
pocket located in the human cytoplasmic SerRS active site due to the presence of pé34doasly

hypothesised.
Binding studies of E. coli SerRSwith Ser SA and derivative 8

The binding stoichiometry and affinity of Ser3Aand compoun8 to E. coli SerRS was determined using

isothermal titration calorimetry (ITC). Titration of SerSA to E. colifse resulted in a steep slope in the



binding isotherm suggesting a very tight binding of the inhibitor to the emzyterestingly, fitting of this
binding isotherm using a single site model showed a 2:1 SerSA:SerRS stoichiantetan overall
dissociation constantd< 1.27 nM Supplementary Fig. 4a). The combination of very high affinity and
low enthalpy unfortunately prevented an accurate measuremegntfaf 8erSA at the individual binding
sites.

By contrast, titration of compour@to E. coli SerRS resulted in a binding isotherm (2:1 comp8.8&fRS
stoichiometry) that after fitting using a two independent sites nmdatly showed two distinct binding
sites with dissociation constantg:k 0.29 uM and kK = 1.92 uM Bupplementary Fig. 4b). As Kq2 > 4

Kas1, there is apparent mild negative cooperativity within the system. In both expesiraenégative
enthalpy value detected for sualight interaction indicates the role of hydrogen bond and electrostatic
interactions in the stabilisation of the enzyingibitor complex. The observation of two binding sites for
SerSA and compound 8 prompted us to investigate the oligomeric state of the E. colirSsoRi8on
which are typically dimers in solutidh Analytical ultracentrifugation (AUC) experiments were carried out
with E. coli SerRS to confirm the oligomeric state of the protein in the preaadabsence of SerSA and

8 (Supplementary Table 6). The results confirmed E. coli SerRS, both with and without either ligand,
appeared with a molecular weight that is consistentavfiimer in solution upplementary Fig. 3). The
observed SerSA and compouBidinding stoichiometry is consistent with the previous structural findings
showing two SerSA molecules bound to two distinct sites in Candida albiceRS §DB ID: 3QO8&¥.
However, in the Candida albicans SetR&second, largely hydrophobic adenylate binding site described
in the X-ray crystal structure is located 26 A distant from the activeasideappears to play no role in

enzyme function or protein-protein interaction as described by the aéthors

Structural basis of sdectivity probebindingto E. coli SerRS

To understand the molecular basis of the selectivity probe towards a bacterial SerRfnptedia series

of co-crystallisation and compound soaking experiments using unligdhdeali or S. aureus SerRS.
Despite an extensive search of conditions to co-crystallise S. aureus SerRS in the presenpewsfd/

or 8, we were unable to obtain crystals suitable for high-resolution steudatermination. However,ev
were able to obtain crystals Bf coli SerRS in a co-crystallisation experiment with compaginshich

was solved at 2.6 A resolutioRif. 2a-b). The E. coli SerRS-SerSA complex structure was solved in the
space group P1 containing two monomers that associate tightly to form a ldiroentrast, the E. coli
SerRS-compound 8 complex structure was solved in space gri2ipAth a monomer in the asymmetric
unit. We analysed both structures for presence of a second adenylate-bindingpsitel & the Candida
albicans SerRS-SerSA strust(PDB ID: 3Q083°. No density was found in the E. coli SerRS-SerSA

structure but some partial density was found in the compound 8 structure, consistent with the alsservatio



found for Candida albicans SerRS, but the lower resolution of our structure aatiquatipancy prevent
further refinement. Comparison of the structures of E. coli SerRS-S&r.S%)i SerRS-compound &,
aureus SerRS-SerSA and Candida albicans SerRS-SerSA by superimposition shaficaasayructural
difference in the N-terminal helical arm for tRNA recognition. Tduggests that the respective enzymes
may have a specific mode of tRNA recognition and binding for proper positiohithg 3'CCA end into
the active siteQupplementary Fig. 5). Compound binds in a similar fashion to SerSA in E. coli SerRS
making all the key interactions with the residues in motif 2, n3otihd the serine-binding TXE mo&$
described above. The pyridyl group of compo@m&huggly fits into the hydrophobic cavity without any

other obvious interactions.

Conclusions

In summary, we demonstrate the use of structure-based drug design to ideatifiyeseéhhibitors of
exemplar Seryl-tRNA synthetases from Gram-positive and Gram-negative pathogkesVgrO list of
bacteria for which new antibiotics are urgently needed. Previous studiesniagtigated inhibiting
protein synthesis via inhibition of specific aaRS activities leading to thefidatibn of a number of potent
antibiotics which have progressed through into clinical stétlf€%® Rapid development of resistance to
these synthetase inhibitors has halted their clinical evaldatibime reported alternative approach herein
has been a proof of principle example of the capability of SBDD in modifyinglé-targeting aaRS

inhibitor to achieve selectivity.

Further work is required to achieve clinically viable compounds that can gertheacell membrane but
the crystal structures here, nonetheless, provide a foundation for structutedbagedesign of novel

selective inhibitors which multi-target the aminoacyl tRNA synthetases.
Methods

Synthesis. Full experimental details and characterisation of the compounds are given in Supplementar

information.

Protein expression and purification. E. coli SerRS (from E. coli strain B ER2560) and S. aureus SerRS
(from S. aureused0 (1150)) were cloned into the pET52b(+) vector (Merck Millipore, Germasiyng

the Ncol and Sacl restriction sites allowing for the production of proteim avthrombin cleavable C-
terminal Hisetag. E. coli SerRS and S. aureus SerRS were overexpressed in Lemo21(DE3)walis gr
Auto Induction Media- Terrific Broth (Formedium) supplemented with 100 pg/ml ampicillin at 37 °C for

8 hours followed by overnight growth at 25 °C. Cells were harvested by centofugatb000 rpm in a



JLA 8.1000 rotor (Beckman Coulter) for 15 min, and the pellet was re-suspendedeimfb(E0 mM Tris,

500 mM NacCl, 30 mM Imidazole, pH 7.5). The cells were disrupted by sonication at 70 %udmfidr

30 sec onice and 8 pulses. The lysate was centrifuged at 18,000 rpm in a JA 25(B@c&toan Coulter)

for 30 mins. The supernatant was decanted, passed through a 0.2 micron filter aabta@pb ml His-
Trap column (GE healthcare, USA). The bound protein was eluted with argraidieiffer B (50 mM Tris,
500 mM NaCl, 500 mM Imidazole, pH 7(8)100% over 50 ml) on an AKTA Pure (GE healthcare, USA)
at 2 ml/min. The protein SerRS was dialyzed into 2 L of buffer A with thrombin cleavage (1 unit/pg). The
protein was passed through the 5 ml His-Trap to remove the cleaved His-Tag and other contaminants. The
proteins typically present over 95 % purity at this stage as judge&8D&PAGE gel and were taken for
crystallization trials. Further purification was used for protein usekirfietic and binding studies to ensure
complete removal of thrombin using a HiLoad 16/600 Superdex 200 pg column (GEcHeglUSA) in

20 mM Tris, 200 mM NaCl and 1 mM Mg£bH 7.5. The purified protein was subsequently stored in 50
% glycerol at -80 °C.

Crystallisation and structure solution.

Co-crystals of E. coli SerRS in the presence of SerSA were obtained from a droprs86upsll sitting

drop format witl20 mg ml* protein and ten-fold molar excess of SerSA. Drops consisted of 100 nl protein
preincubated with SerSA and 100 nl reservoir solution with a reservoir vati®® ul. Crystals were
obtained from a drop containing 0.2 M sodium phosphate monobasic monohydrate, pH 4.7 and 20 % w/v
PEG 3350 following incubation at 4 °C and cryoprotected in reservoir solution cagtaii% ethylene

glycol.

Co-crystals of His-tagged S. aureus SerRS was obtained from a doppgét 20mg mlt in the presence

of ten-fold molar excess of SerSA in 24-well hanging drop format. Drops consistedibfprotein
preincubated with SerSA and 1 pul reservoir solution with a reservoir voidinrd®0 ul. Plates were
incubated at 4 °C and crystals obtained in 0.2 M sodium malonate pH 5 and 13 % w/v PEG 3350. Crystals
were cryoprotected for 10 s in reservoir solution containing 20 % ethylene ghatt¢n-fold molar excess

of SerSA.

Crystals of apo-E. coli SerRS were obtained at 21 °C from a 24-well hangindodmgt as described
above with 30mg ml ! protein in a crystal condition consisting of 0.1 M sodium citrate pH 5.5, 0.8 M
lithium sulfate and 0.05 M ammonium sulfate. A crystal was soaked for 30 mthg M sodium citrate

pH 5.5, 0.75 M lithium sulfate, 0.05 M ammonium sulfate, 20 % ethylene glycol anchM0€ompound

8 (10 % DMSO in final solution).



All crystals were flash frozen in liquid nitrogen adiffraction data collected at 100 K at beamline3 10
and 104 (Diamond Light Source, United Kingdom). Data was indexddirgagrated using iMosflf
and scaled using Aimless in CCP4r autoPRO€ was used in the DLS auto-processing pipeliriee
crystal structure of aq_298 (PDB 2DQmpublished) was used as a search model in Phasét thlR
solve the structuresf E. coli SerRS and S. aureus SerRS by molecular replacementad®f and
Phenix® were used for iterative rounds of refinement withdel building carried out in COO®.
Figures were made using PyMOL (Schrodinger, LLC.)

Kinetic analyses. SerRS assays were performed at 37 °C in a Cary 100 UV/Vis double beam
spectrophotometer with a thermostatted 6X6 cell changer. The final assay volu®& wascontaining

50 mM HEPES adjusted to pH 7.6, 10 mM MgCh0 mM KCI, 1 mM dithiothreitol, 10% (v/v)
dimethylsulphoxide, 10 mM D-glucose, 0.5 mM NADP+, 1.7 mM.min yeast hexokinase and 0.85 mM.min
L. mesenteroides glucose 6-phosphate dehydrogenase. Concentrations of SerRS, dndergdate
(Ap4A) and pyrophosphate were as stated in the text. Unless otherwise statedyuraitkgtes were
acquired in the absence of amino acid, which was then added to initiate treaftibm. Assays were
continuously monitored at 340 nm, to detect reduction of NADP+ to NADPH, where ANADPH; 340nm =

6220 M?! cnrl.Kinetic constants relating to substrate dependencies apd/dflies for inhibitors were

extracted by non-linear regression using GraphPad Prizm 7.00.

Isothermal Titration Calorimetry. Calorimetric titrations of E. coli SerRS with SerSA and/or compound
8 were performed on a VP-ITC microcalorimeter (MicroCal) at 25°C and measut@glicates. The gel
filtration purified E. coli SerRS was concentrated and dialysed overnight atfen3tC buffer (20 mM
Tris-HCI, pH 7.5 and 200 mM NaCl) at 4°C. All the solutions were degassed by sonication. The overnight
dialysis ITC buffer was used to prepare SerSA and comp8wudutions. The E. coli SerRS (3 uM for
SerSA and 7 uM for compour8) in the sample cell (1.445 ml) was titrated with ligand solution (VO p
of SerSA and 140 pMf compound) in the syringe (280 ul). The E. coli SerRS - SerSA ITC experiments
consisted of a preliminary 2 pl injection followed by 52 successive 5 pul injscfidhe E. coli SerRS -
compound8 ITC experiments consisted of a preliminary 2 pul injection followed bgu@gessive 10 pl
injections. Each injection lasted 20 s with an interval of 120 s between consecettiemsj. The solution

in the reaction cell was stirred at 307 rpm throughout the experiments. Thee$@anse data for the
preliminary injection was discarded and the rest of the data was used to gandmageidéotherm. The data
were fit using either the one binding site model or the two independent binéisgnsitiel included in the
Origin 7.0 (MicroCal). Thermodynamic parameters, including association constaner(tialpy (AH),
entropy (AS) and binding stoichiometry (N) were calculated by iterative curve fitting of the binding
isotherms. The Gibbs free energy was calculated using AG = AH - TAS.



Analytical ultracentrifugation. All experiments were performed at 50000 rpm, using a Beckman Optima
analytical ultracentrifuge with an An-50Ti rotor. Data were recorded usiragpdwbance (at 280 nm with

10 um resolution and recording scans every 20 seconds) and interference (recanténgvecy 60
seconds) optical detection systems. The density and viscosity of the buffereasisred experimentally
using a DMA 5000M densitometer equipped with a Lovis 200ME viscometer module. The partial specific
volume for the protein constructs were calculated using Sednterp from the amino aeigcesqiror
characterisation of the protein samples, SV scans were recorded for endileies, starting from 0.8
mg/mL. Where a ligand was included, this was present at 400 uM (a 20-fold exeedhe highest
concentration protein sampl&)ata were processed using SEDFIT, fitting to the c(s) model. Figures were
made using GUSSI.

Data availability

The crystallographic data that support the findings of this study are availailehfe Protein Data Bank
http://www.rcsb.or*; E. coli SerRS:SerSA, XXX; S. aureus SerRS:SerSA, XXX; E. coli
SerRS:compoun8, XXX. Additional data that support the findings of this study are availabie the

corresponding author upon reasonable request.
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Table 1. 1 Cso values of designed chemical probesagainst Seryl-tRNA synthetases. Assayswere
conducted asreported®

HZB\Q § oo
X'L\N\ N o )\\\O:\S’\H»\g;OH
HO  oOH
ICs0 E. coli ICso S. aureus  1Cso Human cytoplasmic
No. X SerRS (uM) SerRS (uM) SerRS (uM)
1 (Ser) H 0.21 £ 0.03 0.23+0.49 217+0.21
2 Cl 0.45 £ 0.05 0.26 £0.03 67.3 +4.67
3 I 1.36 £0.12 0.38 £0.04 24.0+2.26
4 CeHs 17.7 £1.42 52.7+4.81 >1000 + >100
5 trans-Propenyl 9.38£0.70 3.46 £0.47 >1000 +>100
6 2-Furyl 36.2+241 32.4 +3.56 >1000 +=>100
7 3-Thienyl 1.44 +0.09 1.24 +0.12 >1000 +>100 (ppt)
8 CsHaN 6.65 £ 0.64 6.34 £0.71 >1000 +>100 (ppt)

SerRS, Seryl t-RNA synthetase. (ppt) precipitation observed at 1000 pM.
Errors were calculated as s.d. of at least three independent measurements.
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Figure 1: Binding mode of SerSA to E. coli and S. aureus SerRS. a: Superposition of E. coli SerRS
(blue) and S. aureus SerRS (gold) with SerSA bound (basebhiteractions of SerSA (green sticks) with
E. coli SerRS chain A. Water represented as a red sphere. Hydrogen bond interactionsssbiawi

dashesc: Interactions of SerSA with S. aureus SerRS.

a b

Glu355

¢ Gluz3s /” Glu264

Thr231
: Leu278

Glu28s

Arg391
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Figure 2: Comparison of binding of Ser SA and compound 8to E. coli SerRS. a: The chemical

structures of the compounds used in this sthdRyridyl group of compound 8 (boxed) positioned in

active sitec: Interactions of compound 8 (green sticks) with E. coli SerRS. Hydrogen bond interactions
are shown as black dashes. d: Superposition of E. coli SerRS:SerSA (blue) with E. coli SerRS:compound

Motif 2 loop
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