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ABSTRACT:  

Increased resistance of MRSA (multidrug resistance Staphylococcus aureus) to anti-

infective drugs is a threat to global health necessitating the development of anti-infectives with 

novel mechanisms of action. Phenylalanine tRNA synthetase (PheRS) is a unique enzyme of the 

aminoacyl-tRNA synthetases (aaRSs), which are essential enzymes for protein biosynthesis. 

PheRS is an (Ŭɓ)2 tetrameric enzyme composed of two alpha subunits (PheS) and two larger beta 

subunits (PheT). Our potential target in the drug development for the treatment of MRSA 

infections is the phenylalanine tRNA synthetase alpha subunit that contains the binding site for 

the natural substrate. There is no crystal structure available for S. aureus PheRS, therefore 

comparative structure modeling is required to establish a putative 3D structure for the required 

enzyme enabling development of new inhibitors with greater selectivity. The S. aureus PheRS 

alpha subunit homology model was constructed using Molecular Operating Environment (MOE) 

software. Staphylococcus haemolyticus PheRS was the main template while Thermus 
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thermophilus PheRS was utilised to predict the enzyme binding with tRNAphe. The model has 

been evaluated and compared with the main template through Ramachandran plots, Verify 3D 

and Protein Statistical Analysis (ProSA). The query protein active site was predicted from its 

sequence using a conservation analysis tool. Docking suitable ligands using MOE into the 

constructed model was used to assess the predicted active sites. The docked ligands involved the 

PheRS natural substrate (phenylalanine), phenylalanyl-adenylate and several described S. aureus 

PheRS inhibitors.  
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INTRODUCTION  

The aminoacyl tRNA synthetases (aaRSs) are essential enzymes for protein biosynthesis 

that catalyse the attachment of an amino acid to its cognate tRNA molecule in a two-step 

reaction. Cognate amino acids first react with ATP forming aminoacyl-adenylate, these activated 

forms of the amino acids are subsequently attached to their cognate tRNA by esterification. The 

catalytic steps are based on the ability of aaRSs to recognise amino acids, ATP and cognate 

tRNA for proper transformation of genetic information into proteins (1). Inhibition of either one 

of these stages results in accumulation of uncharged tRNA molecules, which bind to ribosomes 

causing interruption of polypeptide chain elongation and ultimately inhibition of protein 

synthesis (2). The aaRSs are categorised into two classes according to the structural features of 

the enzymes. Class I enzymes contain a Rossman fold in the catalytic core and two conserved 
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motifs, called HIGH and KMSKS. Class II enzymes have an antiparallel ɓ-sheet with three 

conserved motifs in the catalytic centre (1, 3).  

Increased resistance to anti-infective drugs is a threat to global health; hence anti-

infective agents with novel mechanisms must be developed. S. aureus was chosen as MRSA is a 

growing problem in shared facilities such as hospitals, healthcare facilities and nursing homes. 

Studies indicate that the incidence of MRSA in the past few years have extensively increased 

worldwide. However, there are considerable differences between various countries. Whereas in 

the USA, Japan and southern European countries a high prevalence of MRSA between 20 and 

60% exists, the prevalence in the Netherlands and Scandinavian countries is less than three 

percent (4). 

AaRS provide a valuable target in bacterial protein biosynthesis, to date only one drug, 

mupirocin, which inhibits a specific type of aaRS (IleRS), has been licensed as a topical 

antibiotic for the treatment of methicillin-resistant Staphylococcus aureus (MRSA) (5). Since 

each amino acid requires an aaRS there is a potential wealth of targets suitable for rational drug 

design. The research described here focuses on PheRS. This target was selected because it is 

structurally unique among the aaRS enzymes and considerably different from human cytosolic 

and human mitochondrial aaRS, with 29.5% homology for PheRSa and 20.6% homology for 

PheRSb (Supplementary Table S1). Phenylalanine tRNA synthetase (PheRS) is an (Ŭɓ)2 

tetrameric enzyme composed of two alpha subunits (PheS) and two larger beta subunits (PheT). 

According to the structure, PheRS is classified as a class II aaRSs as its catalytic domain is built 

around antiparallel ɓ-sheets but functionally it resembles class I because it aminoacylates the 2ô 

OH of the terminal ribose of tRNA whereas class II aminoacylate the 3ô OH (6, 7). 
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There is no crystal structure available for S. aureus PheRS, therefore a homology model 

was constructed and subsequently structure and active site architecture analysed. 

 

METHODS 

Construction of the S.aureus PheS model 

Homology search 

The protein sequence for the alpha subunit (PheS) of S. aureus PheRS was obtained from the 

ExPASy proteomics server at the Swiss Bioinformatics Institute (8). The enzyme sequence for 

the alpha subunit has the Uniprot identifier P68849 (SYFA_STAAU) and is composed of 352 

residues (9). Only PheS was used for the homology model construction as it contains the 

catalytic domain of the enzyme.  

A homology search was performed using the SIB BLAST service (10, 11) accessible from the 

ExPASy server, which was used to align the query sequence (PheS) against the sequences in the 

protein data bank (12) and thus the close homologous proteins were identified. The alignment 

parameters and the thresholds, which were used for screening expected homologues, were used 

with their default values and BLOSUM62 comparison matrix. The phylogeny server (13) was 

used to build a phylogenetic tree for these homologous proteins, the query sequence and other 

PheS enzymes selected from different organisms.   

Multiple sequence and structure alignment 

The sequence of the query enzyme was aligned with the protein sequences of the most related 

PheRS templates: Staphylococcus haemolyticus (pdb: 2RHQ), Pseudomonas aeruginosa (pdb: 

4P71), Escherichia coli (pdb: 3PCO) and Thermus thermophilus (pdb: 1PYS), using Clustal 

Omega 1.2.2 (14), as the local alignment of these sequences would reveal the most conserved 
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residues and the common features and motifs: motif 1, motif 2 and motif 3. This could be used to 

understand some of the expected structural and functional similarity between these enzymes. The 

secondary structure of S. aureus and the closest template (2RHQ) were determined using 

PSIPRED v3.3 (15). 

3D model building 

The molecular experiments were performed using Molecular Operating Environment (MOE) 

2014.0901 molecular modeling software (16). Homology models were built using MOE-

Homology using AMBER99 forcefield (17), which uses a dictionary to set the partial charges of 

atoms in amino acids. The final homology model was constructed using S. haemolyticus PheS 

(2RHQ) crystal structure. Ten intermediate models were generated and the final model was taken 

as the Cartesian average of all the intermediate models. All minimisations were performed until 

RMSD gradient of 0.05 kcal mol-1Å-1 with the specified forcefield and partial charges 

automatically calculated. 

Model validation 

Stereochemical quality of the polypeptide backbone and side chains was evaluated using 

Ramachandran plots obtained from the RAMPAGE server (18). The compatibility of the 3D 

model with its own amino acid 1D sequence was examined using Verify 3D (19). The ProSA 

server (20) was used to check defaults in the three dimensional protein structure based on 

statistical analysis. Validation data from the template (2RHQ) was used as the baseline to 

evaluate the model. 

Docking 

Phenylalanine as the natural substrate, phenylalanyl-adenylate (21) and known inhibitors with 

reported microbiological activity were built as ligands using MOE-Builder (22, 23), and the 
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energy was minimised for each ligand. These ligands were docked by running MOE-Dock with 

default setting: Placement: Triangular Matcher, Rescoring 1: London DG, 30 poses were 

constructed for each compound and the best scoring model-ligand complexes were selected. The 

ligand interactions within the constructed model were visualised using the MOE ligand 

interaction simulation.  

 

Results and discussion 

Homology model and validation 

Initial screening for possible templates was performed using a BLAST analysis (10) of the amino 

acid sequence of S. aureus PheS, obtained from the ExPASy proteomics server (8), against the 

PDB resolved structures, four structures were identified for consideration as possible templates 

(Table 1).  

Table 1 The first four hits in the S. aureus PheRS-Ŭ subunit BLAST results 

Organism PDB code BLAST a 

score 

Sequence 

identity b 

Sequence 

identity%  

Positive 

% 

Chain 

length 

E-

Value 

Staphylococcus 

haemolyticus 

2RHQ 536 250/268 93 98 294 0.0 

Pseudomonas 

aeruginosa 

4P71 372 177/340 52 69 338 5e-127 

Escherichia coli 3PCO 341 169/338 50 67 327 5e-115 

Thermus 

thermophilus 

1PYS 270 147/359 41 60 350 5e-87 

a The BLAST score for an alignment is calculated by summing the scores for each aligned position and the scores 

for gaps. b (Number of identical residues)/(length of sequence fragment identified by PSI-BLAST). 

 



 7 

For a structure to be considered a template, it should be wild-type, rather than mutant or 

engineered, have a reasonable sequence identity with S. aureus PheRS and also have the same 

function. The first four native hits are bacterial PheRS enzymes. The PheRS enzyme of 

Staphylococcus haemolyticus (24) was the best template due to very high sequence identity 

(93%). 

 

Figure 1 The phylogenetic tree of S. aureus PheS in relation to PheS enzyme from other 

organisms: Saccharomyces cerevisiae (yeast) (P15625); human (Q9Y285); mouse (Q8C0C7); 

zebra fish (Q1JPX3); African clawed frog (Q6AZG6); Mycobacterium tuberculosis (P9WFU3); 

Thermus thermophilus (Q5SGX2); Pseudomonas aeruginosa (Q9I0A3); Escherichia coli 

(P08312); Enterococcus faecalis (Q836J6); Streptococcus pyogenes (Q9A0I1); Bacillus subtilis 

(P17921); Staphylococcus aureus (P68849) and Staphylococcus haemolyticus (Q4L5E3). 

 

To obtain more information related to the best possible template, the phylogeny server 

(13) was used to construct a phylogenetic tree using PheRS protein sequences from different 

organisms to determine the relative distances between the these enzyme and the query sequence 

(Fig. 1).  The phylogenic tree demonstrates the different evolutionary branching of the 

prokaryotic and eukaryotic PheRS enzyme. The closest homologies to S. aureus in this group of 

species are: the Gram-positive bacteria S. haemolyticus (STAHJ) followed by Bacillus subtillis 

(BACSU), Enterococcus feacalis (ENTFA) and Streptococcus pyogenes (STRP1) respectively. 
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A lower homology is observed with the Gram-negative E. coli and with Mycobacterium 

tuberculosis, with clear difference observed for non-bacterial organisms in agreement with the 

phylogenic tree. Clustal analysis and percent identity (Supplementary Fig. S2 and S3) provide 

further validation.  

 

Multiple Sequence and structural alignments 

Clustal Omega 1.2.2 (14) was used to align the preferred template sequences and the query 

sequence of S. aureus PheS (Fig. 2). Conservation was clearly observed between most of the 

residues of the query sequence and the closely related template S. haemolyticus. 
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Figure 2 Sequence alignment of PheS enzymes of Thermus thermophilus, Staphylococcus 

aureus, Staphylococcus haemolyticus, Pseudomonas aeruginosa and Escherichia Coli using 

Clustal O in which "*" means that the residues are identical, ":" means that conserved 

substitutions have been observed, "." means that semi-conserved substitutions are observed. The 

residues are coloured according to their chemical properties where red, small hydrophobic 

(AVFPMILWY); blue, acidic (DE); purple, basic (RHK); green, hydroxyl + amine + basic 

(STYHCNGQ). 

CLUSTAL O(1.2.3) multiple sequence alignment

sp|Q5SGX2|SYFA_THET8      --------- MLEEALAAI QNARDLEELKALKARYLGKKGLLTQEMKGLSALPLEERRKRG 51

sp|P68849|SYFA_STAAU      MSEQQTMSELKQQALVDI NEANDERALQEVKVKYLGKKGSVSGLMKLMKDLPNEEKPAFG 60

sp|Q4L5E3|SYFA_STAHJ      MTQNDSMAELKQQALVDI NEAQNERELQDVKVKYLGKKGSVSGLMKNMKDLPNEEKPAYG 60

sp|Q9I0A3|SYFA_PSEAE      --- MENLDALVSQALEAVRHTEDVNALEQI RVHYLGKKGELTQVMKTLGDLPAEERPKVG 57

sp|P08312|SYFA_ECOLI      --- MSHLAELVASAKAAI SQASDVAALDNVRVEYLGKKGHLTLQMTTLRELPPEERPAAG 57

                                   :  .*   : .: :   *. ::..****** ::  *. :  ** **:   *

sp|Q5SGX2|SYFA_THET8      QELNAI KAALEAALEAREKALEEAALKEALERERVDVSLPGASLFSGGLHPI TLMERELV 111

sp|P68849|SYFA_STAAU      QKVNELRQTI QNELDERQQMLVKEKLNKQLAEETI DVSLPGRHI EI GSKHPLTRTI EEI E 120

sp|Q4L5E3|SYFA_STAHJ      QKVNELRQTI QKELDEKQELLKNEKLNQQLAEETI DVTLPSRQI SI GSKHPLTRTVEEI E 120

sp|Q9I0A3|SYFA_PSEAE      ALI NVAKEKVQDVLNARKTELEGAALAARLAAERI DVTLPGRGQLSGGLHPVTRTLERI E 117

sp|P08312|SYFA_ECOLI      AVI NEAKEQVQQALNARKAELESAALNARLAAETI DVSLPGRRI ENGGLHPVTRTI DRI E 117

                            :*  :  ::  *: ::  *    *   *  * :**:**.     *. **:*    .: 

                                                                              Motif 1

sp|Q5SGX2|SYFA_THET8      EIF RALGYQAVEGPEVESEFFNFDALNIP EHHPARDMWDTFWLTGEGFRLEGPLGEEVEG 171

sp|P68849|SYFA_STAAU      DLFLGLGYEIV NGYEVEQDHYNFEMLNLPKSHPARDMQDSFYI TD--------------- 165

sp|Q4L5E3|SYFA_STAHJ      DLFLGLGYEIV DGYEVEQDYYNFEALNLPKSHPARDMQDSFYI TD--------------- 165

sp|Q9I0A3|SYFA_PSEAE      QCFSRI GYEVAEGPEVEDDYHNFEALNIP GHHPARAMHDTFYFNA--------------- 162

sp|P08312|SYFA_ECOLI      SFFGELGFTVATGPEI EDDYHNFDALNIP GHHPARADHDTFWFDT--------------- 162

                          . *  :*:  . * *:*.:..**: **:*  ****   *:*::                 

sp|Q5SGX2|SYFA_THET8      RLLL RTHTSPMQVRYMVAH-- TPPFRIVVP GRVFRFEQTDATHEAVFHQLEGLVVGEGIA  229

sp|P68849|SYFA_STAAU      EILL RTHTSPVQARTMESRHGQGPVKII CPGKVYRRDSDDATHSHQFTQI EGLVVDKNVK 225

sp|Q4L5E3|SYFA_STAHJ      EILM RTHTSPVQARTMEKRNGQGPVKII CPGKVYRRDSDDATHSHQFTQI EGLVVDKNI K 225

sp|Q9I0A3|SYFA_PSEAE      NMLLRTHTSPVQVRTMESQ-- QPPI RIV CPGRVYRCDSD- LTHSPMFHQVEGLLVDEGVS 219

sp|P08312|SYFA_ECOLI      TRLLRTQTSGVQI RTMKAQ-- QPPI RIIAP GRVYRNDYD- QTHTPMFHQMEGLIV DTNI S 219

                            *:**:** :* * *  :    *.:*: **:*:* :    **   * *:***:*. .: 

                                                            Motif 2

sp|Q5SGX2|SYFA_THET8      MAHLKGAI YELAQALFGPDSKVRFQPVYFPFVEPGAQFAVWW---------- PEGGKWLE 279

sp|P68849|SYFA_STAAU      MSDLKGTLELLAKKLFGADREI RLRPSYFPFTEPSVEVDVSCFKCKGKGCNVCKHTGWIE 285

sp|Q4L5E3|SYFA_STAHJ      MSDLKGTLELVAKKLFGADREI RLRPSYFPFTEPSVEVDVSCFKCKGKGCNVCKHTGWIE 285

sp|Q9I0A3|SYFA_PSEAE      FADLKGTI EEFLRAFFEKQLEVRFRPSFFPFTEPSAEVDI QCVI CSGNGCRVCKQTGWLE 279

sp|P08312|SYFA_ECOLI      FTNLKGTLHDFLRNFFEEDLQI RFRPSYFPFTEPSAEVDVM----------- GKNGKWLE 268

                          ::.***::  . : :*  : ::*::* :***.**..:. :             :   *:*

                                                                   zinc binding

sp|Q5SGX2|SYFA_THET8      LGGAGMVHPKVFQAVDAYRERLGLPPAYRGVTGFAFGLGVERLAMLRYGIP DI RYFFGGR 339

sp|P68849|SYFA_STAAU      IL GAGMVHPNVLEMAGFDS--------- SEYSGFAFGMGPDRIAMLKYGI EDI RHFYTND 336

sp|Q4L5E3|SYFA_STAHJ      IL GAGMVHPNVLEMAGFDS--------- NEYSGFAFGMGPDRIAMLKYGI EDI RYFYTND 336

sp|Q9I0A3|SYFA_PSEAE      VMGCGMVHPNVLRMSNI DP--------- EKFQGFAFGMGAERLAMLRYGVNDLRLFFDND 330

sp|P08312|SYFA_ECOLI      VLGCGMVHPNVLRNVGI DP--------- EVYSGFAFGMGMERLTMLRYGVTDLRSFFEND 319

                          : *.*****:*:.  .                *****:* :*::**:**: *:* *: . 

                                                                   Motif 3

sp|Q5SGX2|SYFA_THET8      LKFLEQFKGVL----- 350

sp|P68849|SYFA_STAAU      VRFLDQFKAVEDRGDM 352

sp|Q4L5E3|SYFA_STAHJ      VRFLEQFKAVEDRGEA 352

sp|Q9I0A3|SYFA_PSEAE      LRFLGQFR-------- 338

sp|P08312|SYFA_ECOLI      LRFLKQFK-------- 327

                          ::** **:
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The PheRS Ŭ-subunit contains three conserved sequence motifs  (motif 1, motif 2 and motif 3), 

which are typical for class II aminoacyl tRNA synthetases (9). These motifs play an important 

role in the aminoacylation process, as they are responsible for active site formation. In this active 

pocket, binding occurs with ATP/phenylalanine as well as interaction with the acceptor stem of 

tRNAphe. All the residues in motifs 1, 2 and 3 that form the active site in both S. aureus and S. 

haemolyticus are conserved. PSIPRED (15) secondary structure prediction for S. aureus PheS 

showed that motif 1 (110-136) contained a high helix content surrounded by a short strand and 

coil, motif 2 (196-218) folds mainly in coils and short helix and strands and motif 3 (310-330) at 

the C terminal of the Ŭ-subunit clearly folds to coils and helices. The crystal structure of S. 

haemolyticus (2RHQ) shows these folds indicating good agreement with the predictions of 

PSIPRED for the query sequence (Supplementary data Fig. S4). 

 

3D homology model and validation 

The homology model was constructed using S. haemolyticus PheRS-Ŭ subunit (2RHQ) 

crystal structure through Molecular Operating Environment (MOE) software. The constructed 

model was subjected to a number of checks to assess its quality. Stereochemical quality was 

evaluated by Ramachandran plots using the RAMPAGE server (18) and the compatibility of the 

3D model with its own amino acid 1D sequence was validated using Verify 3D (19). Overall 

protein structure was evaluated using ProSA (20). 

Validation results would propose that the model performed well in terms of the backbone 

stereochemistry and amino acid environment. In the Ramachandran plot, a total of 99.7% of the 

residues were in the allowed region, which compared well with the template 2RHQ (98.9%), 
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revealing that the main chain dihedral  ʟand ɣ angles in the model were reasonably accurate 

(Supplementary Fig. S1). Only one amino acid residue (Gly272) was found in the outlier region 

in the model, which is away from the active site and would not be expected to affect enzyme 

function (Fig. 9). 

Verify 3D evaluated three parameters for each amino acid, which are secondary structure, 

degree of buried surface area and fraction of side chain area that is covered by polar atoms. 

These three parameters were evaluated for each residue in the structure and a correlation was 

calculated between this set of observed parameters and the ideal parameters of the amino acid 

type to which it has been assigned. Verify 3D should stay above 0.2 and not fall under zero (19). 

The percentage of residues, which are more than 0.2 was 85.25% and 87.77% for the model and 

the template, respectively. However, the percentage of residues that are less than zero was 9.71% 

and 7.04% for the model and the template, respectively. The model residues that fall under zero 

are the first 27 residues, which are away from the active site.  

Protein statistical analysis (ProSA) provides two plots; the first (Fig. 3a) shows the local 

model quality by plotting energies as a function of amino acid sequence position, generally 

positive values relate to erroneous parts of the input structure. The second plot (Fig. 3b) indicates 

overall model quality from which the z-score is calculated, its value is displayed in a plot which 

has the z-scores of all experimentally determined protein chains in the current PDB determined 

by X-ray crystallography or NMR spectroscopy, a negative score shows a good model while a 

positive value would shows errors. The z-score of the model was -7.72 compared with the z-

score of the template 2RHQ which was -7.73. 



 12 

 

Figure 3 ProSA output for the S. aureus PheRS-Ŭ subunit model. a: shows the local model 

quality by plotting energies as a function of amino acid sequence position. b: shows the overall 

model quality by calculating z-score (dark spot). 

 

Moreover, superimposition of the model with the main template (2RHQ) using MOE showed a 

low RMSD of 0.960 Å indicating a high degree of similarity. 

Model validation using Ramachandran plot, Verify 3D and ProSA indicated a good model in 

terms of quality of backbone and side-chain stereochemistry for S. aureus PheS. Further 

validation of the active site architecture was performed by natural substrate and ligand docking 

experiments. 

 

Active site validation and docking 

Validation of the predicted active site was assessed through Clustal O multiple sequence 

alignment, the MOE alignment service and by docking known ligands into the constructed 

model.  The active site is a large hydrophobic pocket formed by the following residues Leu148, 

His152, Ala154, Asp159, Ser160, Thr171, His172, Ser174, Gln177, Met181, Arg200, Phe212, 
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Gln214, Glu216, Leu218, Tyr253, Phe254, Pro255, Phe256, Thr257, Glu285, Leu287, Ile286, 

Gly288, Ala289, Gly290, Val292, Val296, Ala311, Phe312, Gly313 and Arg318. Characteristic 

with other bacterial enzymes, one wall of the phenylalanine binding pocket contains amino acids 

that can participate in hydrogen bonding and electrostatic interaction while the opposite was 

contains mainly hydrophobic amino acids (25). Through docking of the natural ligand, 

phenylalanine, hydrogen bonding interaction of the phenylalanine positively charged amine 

group and the acidic amino acid Glu216 was observed (Table 2) on one face of the pocket, while 

recognition on the hydrophobic side of the active site is via two phenylalanine residues, Phe254 

and Phe256, from the eubacteria-specific FPF loop (25). 

In contrast the FPF triad is absent from the phenylalanine active site in all eukaryotic PheRS, in 

human PheRS a triplet of residues Asn410, Pro411 and Tyr412 replace the FPF loop 

(Supplementary Fig. S2) (26). This difference can be exploited in selective drug design. 

 
Table 2 3D and 2D models of binding interactions of phenylalanine in S. aureus PheRS active 

site 

3D structure 2D ligand interactions 
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Table 3 3D and 2D models of binding interactions of phenylalanyl-adenylate in S. aureus PheRS 

active site 

3D structure 2D ligand interactions 

 
 

 

The same hydrogen bonding interaction between the amino group of phenylalanine and the 

acidic Glu216 was noted as a key binding interaction on docking phenylalanyl-adenylate (21) as 

well as hydrogen bonding interaction with Ser174, with the adenylate moiety positioned further 

along the hydrophobic pocket channel. The adenine ring may form p-stacking interactions with 

Phe212 and an additional H-boning interaction between the adenine amino group and Ala154 

may help with correct orientation in the active site (Table 3). 

Two classes of S. aureus PheRS inhibitors were investigated through docking studies, phenyl-

thiazolylurea-sulfonamides (22) and ethanolamine derivatives (23). As observed for 

phenylalanine and phenylalanyl-adenylate, the acidic amino acid residue Glu216 forms H-

bonding interaction with the ligands acting as an anchor and directing correct orientation within 

the hydrophobic pocket. Interaction between Glu216 and the phenyl-thiazolylurea-sulfonamides 

was though the urea NH moiety and/or the thiazoyl sulfur group (Table 4), while for the 

ethanolamine derivatives the interaction was observed via the ethanolamine OH or NH of the 

linker chain (Table 5).  
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Table 4 Representative 3D and 2D models of binding interactions of phenyl-thiazolylurea-

sulfonamides in S. aureus PheRS active site. 

3D structure 2D ligand interactions 
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Table 5 Representative 3D and 2D models of binding interactions of ethanolamine inhibitors in 

S. aureus PheRS active site 

3D structure 2D ligand interactions 
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Additional H-bonding interactions observed for some of the inhibitors and the enzyme active site 

included interactions with Ala154, His172, Ser174, Phe256, Glu285 and Gly288. The binding 

mode in the S. aureus PheS model was comparable with the binding of ligands in S. 

haemolyticus (2RHQ); indicating the conservation of active site key residues. 

 

Metal Binding 

Zinc metal 

An experimental study on S. haemolyticus PheRS by Artem et al. (24) suggested that a zinc 

finger is present, with residues in the region of Ser266 to Gly282 forming a compact metal 

binding site where the four sulfur ligands related to Cys267, Cys270, Cys275 and Cys278 form a 

tetrahedral coordination with zinc (Fig. 4). 

 

Figure 4 Zinc binding site in S. haemolyticus PheRS-Ŭ subunit (http://www.ebi.ac.uk/pdbe) 

 

All PheRS-Ŭ subunit proteins from Gram-positive organisms have a conserved sequence 

insertion in the vicinity of residue 270. Within this insertion, there are the four cysteine residues 

which bind to zinc metal (Fig. 2). This was supported by the alignment of S. aureus PheRS Ŭ-

subunit with the suggested template where all four conserved cysteine residues are identified in 

the region of this domain in the query sequence (Fig. 5). The zinc metal is not involved in the 

http://www.ebi.ac.uk/pdbe

