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ABSTRACT:

Increased resistancef MRSA (multidug resistanceStaphylococcusureug to ant
infective drugs is a threat to global heatificessitating the developmentasftiinfectives with
novel mechanismsf action Phenylalanine tRNAynthetase (PheRS) is a unique enzymihef
aminoacyHRNA synthetasesa@RS¥ which are essential enzymes farotein biosynthesis
PheRSs an (U fp tetrameric enzyme composstitwo 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 availabl§.faureusPheRS, therefore
comparative structure modeling is required to establish a putative 3D structure for the required
enzyme enabling development of new inhibitors with greater selectivitySTla@ereus?heRS
alpha subunit homology model was constructed uslatgcular Operating Environment (MOE)

software. Staphylococcushaemolyticus PheRS was the main template whilEhermus



thermophilusPheRS was utilised to predict the enzyme binding with tPRIAhe model has

been evaluated and compared with the main teteghrough Ramachandran plotrify 3D

and Protein Statistical Analysis (ProSAkhe query protein active site was predicted from its
sequence using a conservation analysis tool. Docking suitable ligands using MOE into the
constructed model was usedassess the predicted active sites. The docked ligands involved the
PheRS natural substrate (phenylalanipbgnylalanyadenylateand several describe®l aureus

PheRS inhibitors
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INTRODUCTION

The aminoacytRNA synthetaseaaR ) are essential enzymes for protein biosynthesis
that catalys the attachment of an amino acid to its cognate tRNA molecuée timo-step
reaction. @gnate amio aciddfirst react withATP forming aminoacybdenylatethese activated
forms of the amino acids aseibsequentlhattached to theiragnate tRNA by esterification.hE
catalytic steps are based tre ability of aaRSs to recogeisamino acids, ATP andognate
tRNA for proper transformation of genetic information into protéit)sInhibition of either one
of these stages results in accumulation of uncharged tRNA molecules, which bind to ribosomes
causing interruption of polypeptide chain elongation ariimately inhibition of protein
synthesis (2). TheaRS are categorised into two classes according to the structural features of

the enzymes. Class | enzymes contain a Rossman fold in the catalytic core and two conserved



motifs, called HIGH and KMSKS. @ls s | | enzymes hsheetwithatnreeant i p
conserved motifs in the catalytic centre (1, 3).

Increased resistance to aimfective drugs is a threat to global health; hence- anti
infective agents with novel mechanisms must be devel&ealreiswas chosen as MRSA 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 considemdifferences 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).

AaRSprovide a valuable targeh bacterialprotein biosynthesis, to date only one drug,
mupirocin, which inhibits a specific type of aaRS (lleRS), has been licemseal topical
antibiotic for the treatment ahethicillin-resistantStaphylococcusaureus(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 Ph&RS target was selected because it is
structurally unique among the aaRS enzymed considetay different from human cytosolic
and human mitochondri@aR$ with 29.5% homology for PheRSand 20.6% homology for
PheR® (Supplementary Table S1)Phenylalaninet RNA synt hetase A PheRS
tetrameric enzyme composed of two alpha subunits (Paebtwo larger beta subunit3heT).
According to the structure, PheRS is classified as a class Il aaRSs as its catalytic domain is built
around andheatralbwett founctionally it resembles

OHofthetermine r i bose of t RNA whereas <c¢l ass |1 amin



There is no crystal structure available &raureusPheRS, therefore a homology model

wasconstructed and subsequently structure and active site archit@ctlyed.

METHODS

Construction of the S.aureusPheS model

Homology search

The protein sequence for the alpha subunit (PheSJ.alureusPheRSwas obtained from the
ExPASyproteomics serveat the Swis Bioinformatics Institute (8)The enzyme sequender

the alpha subunitas the Uniprot identifier P68849 (SYFA STAAWEnd iscomposed of 352
residues §). Only PheS was used for tHemology model constructioas it containsthe
catalytic domain of the enzyme.

A homology search was performed usthg SIB BLAST service 10, 11) accessible from the
ExPASyserver which was used to align the query sequence (PheS) against the sequences in the
protein data bankl@) and thus the close homologous proteins were identified. The alignment
parameters and the threshgldich were ued for screening expected homologussre usd

with their default values and BLOSUMG62 comparison matrix. The phylogeny sdi$ewés

used to build a phgigenetic tree for thedeomologous proteins, the query sequence and other
PheS enzymes selected fralifferent organisms.

Multiple sequence and structure alignment

The sequence dhe query enzyme was aligned with the protein sequences of the most related
PheRStemplates:Staphylococcus haemolyticggdb: 2RHQ), Pseudomonas aeruginogpdb:

4P7)), Esclerichia coli (pdb: 3PCQ and Thermus thermophilugpdb: 1PYS), using Clustal

Omega 1.2.414), as the local alignment of these sequences would reveal the most conserved



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 betweearthgses. The
secondary structure db. aureusand theclosest template (2RHQ) were determined using
PSIPRED v3.315).

3D model building

The molecular experiments were performed using Molecular Operating Environment (MOE)
2014.0901 molecular modeling sefire (16). Homology models were built using MOE
Homology usincAMBER99 forcefield(17), which uses a dictionary to set the partial charges of
atoms in amino acids. The final homology model was constructed 8simgemolyticuheS
(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 kcamol*Al with the specified forefield 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 is 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

Phenylalanineas the natural substraigphenylalanyladenylate (21)and known inhibitors with

reported microbiological activityvere built as ligandsising MOEBuilder 22, 23), and the



energy was minimised for each ligand. These ligands were docked by runningdbiBEvith
default setting: Placement: Triangular Matcher, Rescoring 1: Loridlen 30 poses were
constructed for each compound and the best scoring figdetl complees 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 Blah8lysis (10) of the amino

acid sequence @ aureusPheS, obtained from the ExPASy proteomics server (8), against the
PDB resolved structures, four structures were identified for consideration as possible templates
(Table 2.

Table 1The first four hits in théS. aureu®heRSU s u BLA&TI reasults

Organism PDB code BLAST? Sequence Sequence Positive  Chain E-
score identity®  identity% % length Value

Staphylococcus  2RHQ 536 250/268 93 98 294 0.0

haemolyticus

Pseudomonas 4P71 372 177/340 52 69 338 5el?’

aeruginosa

Esclerichia coli 3PCO 341 169/338 50 67 327 5ellc

Thermus 1PYS 270  147/359 41 60 350 5e87

thermophilus

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

for gaps® (Number of identical residues)/(length of sequence fragment identified bBIEST).



For a structure to be considered a template, it should betypéd rather than mutant or
engineered, have a reasonable sequence identitySwiglireus?heRS and also have the same
function. The first four native hits are bacterial PheRS enzymes. Th&Fhenzyme of
Staphylococcuhaemolyticus(24) was the best template due to very high sequence identity

(93%).

Branch length: @ Cladogram | Real

sp|P15625|SYFA_YEAST 0.25498
sp|QOY285|SYFA_HUMAN 0.03779
— sp|QBCOC7|SYFA_MOUSE 0.03701
sp|Q1IPX3| SYFA_DANRE 0.09233
— sp|QBAZG6|SYFAA_XENLA 0.10485
sp|POWFU3|SYFA_MYCTU 0.2869

sp|Q5SGX2|SYFA_THETS 0.27287
— sp|Q9I0A3|SYFA_PSEAE 0.15593
| S sp|POB312|SYFA_ECOLI 0.16823
— sp|Q836J6|SYFA_ENTFA 0.13778
L sp|Q9AOIL|SYFA_STRP1 0.14917
sp|P17921|SYFA_BACSU 0.16743

{ sp|P6BB49|SYFA_STAAU 0.05291
sp|Q4L5E3|SYFA_STAH] 0.05221

Figure 1 The phylogenetic tree ob aureusPheS in relation to S enzyme from other
organisms:Saccharomyces cerevisiggeast) (P15625)human Q9Y285; mouse (Q8COC7);
zebra fish (Q1JPX3); African clawed frog (Q6AZG6)ycobacterium tuberculosiPOWFU3);
Thermus thermophilusQ6SGX2; Pseudomonas aeruginosgQ9I0A3); Escherichia coli
(P08312; Enterococcus faecali®836J6);StreptococcupyogenegQ9A0I1); Bacillus subtilis
(P17921);Staphylococcus aureiB68849)andStaphylococcus haemolytic(@4L5E3.

To obtain more information related to the best possible template, the phylogeny server
(13) was used to construct a phylogenetic tree uBimgRSprotein sequencesom different
organismgo determine the relative distances betweertlihse enzymand the querysequence
(Fig. 1). The phylogenic tree demonstrates the different evolutionary branching of the
prokaryotic and eukaryotic PheRS enzyme. The closest homolodtesatoeusn this group of

species are: the Grapositive bacteriés. haemolyticu¢STAHJ) followed byBacillus subtillis

(BACSU), Enterococcus feacali@ENTFA) andStreptococcus pyogenéSTRP1) respectively.



A lower homology is observed with the Gramagative E. coli and with Mycobacterium
tuberculosis with clear difference observddr nonbacterial organisms in agreement with the
phylogenic tree. Clustal analysis and percent idei8typplementary Fig. Sa&nd S3 provide

further validdion.

Multiple Sequence and structural alignments
Clustal Omega 1.2.2 (14yas used to align the preferred template sequences and the query
sequence of. aureusPheS (Fig. 2). Conservatiomas clearlyobserved betweemostof the

residuesf the query sequence and the closely related templatemolyticus



CLUSTAL O(1.2.3) multiple sequence alignment

Sp|Q5SGX2|SYFA_THET8 - MLEEALAAI QNARDL EEL KALKARYLGKKGLL TQEMKGL SALPLEERRKRG 51
sp|P68849|SYFA_STAAU MSEQQVSEL KQALVDI NEANDERALQEVKVKYL GKKG SVSAMKLMKDLPNEEKPAFG 60
Sp|Q4L5E3|SYFA_STAHJ MIQNDSMAEL KQALVDI NEAQNEREL QDVKVKYL GKKGSVSA-MKNIVKDLPNEEKPAYG 60
Sp|Q9I0A3|SYFA_PSEAE --- MENLDALVSQALEAVRHTEDVNALEQ RVHYLGKKCGEL TQVMKTLCDLPAEERPKVG 57
sp|P08312|SYFA_ECOLI --- MSHLAELVASAKAAI SQASDVAALDNVRVEYLGKKGH. TLQVITTLRELPPEERPAAG 57
. .* o *. ::“****** *‘ *% **: *
sp|Q5SGX2|SYFA_THETS8 QELNAI KAALEAALEAREKALEEAALKEALERERVDVSLPGASLFSGGHPI TLMERELV 111
sp|P68849|SYFA_STAAU QKVNELRQT QNELDERQVILWKEKLNKQLAEETI DVSLPGRHI EI GKHPLTRTI EEl E 120
Sp|Q4L5E3|SYFA_STAHJ QKVNELRQTI QKEL DEKQELL KNEKLNQQAEETI DVTLPSRQ SI GXHPLTRTVEEl E 120
sp|Q9I0A3|SYFA_PSEAE ALI NVAKEKVQDVLNARKTELEGAALAARLAAERI DVTLPGRGQ. SGGHPVTRTLERI E 117
sp|P08312|SYFA_ECOLI AVI NEAKEQVQLNARKAEL ESAALNARLAAETI DVSLPGRR ENGG&HPVTRTI DRI E117
:* *: * * * % :**:**. *. **:*
Motif 1
sp|Q5SGX2|SYFA_THETS8 EIF RALGY@Q\VEGPEVESEFFNFDALNIP EHHPARDMVT FWITCEGFRLEGPLGEEVEG 171
sp|P68849|SYFA_STAAU DLFL GLGYEIV NGEVEQDHYN-EMLNLPKSHPARDMDSFY! TD------ --- 165
Sp|Q4L5E3|SYFA_STAHJ DLFLGLGYEIV DGYEVEQDYYN-EALNLPKSHPARDMQDSFY! TD------ --- 165
sp|Q9I0A3|SYFA_PSEAE QUSRI GYEVAEGPEVEDDYHN-EALNIP GHHPARAMHDTFYFNA--- --- 162
sp|P08312|SYFA_ECOLI SFFCGELGFTVATGPEI EDDYHN-DALNIP GHHPARADHDTFWHDT ------=-------- 162
) * * ) * *:*.:“**: **:* *kkk **
———
Sp|Q5SGX2|SYFA_THET8 RLLL RTHTSPMQVRYMVA+- TPPFRIVVP GRVFRFEQTDATHEAVFHQ EGLVVGEGA 229
sp|P68849|SYFA_STAAU EILL RTHTSPVQARTVESRHGQGBWKII CPGKVYRRDSDDATHSHETQ EGLVVDKNVK 225
Sp|Q4L5E3|SYFA_STAHJ EILM RTHTSPVQARTVEKRNGQGBWKII CPGKVYRRDSDDATHSHETQ EGLVVDKNI K 225
Sp|Q9I0A3|SYFA_PSEAE NMLLRTHTSPVQVRTMVESQ- QPPI RIV CPGRVYRCDSD- LTHSPMAHQVEGLLVDEGVS 219
sp|P08312|SYFA_ECOLI TRLLRTQTSG/Q RTMKAQ- QPPIRIIAP GRVYRNDYD- QTHTPMAHQVEGLIV DTNI S 219
*:**:** :* * % ** **:*:* *% * *:***:*.
Motif 2
Sp|Q5SGX2|SYFA_THET8 MAHLKGAI YELAQALFGPDSKVRFQPVYFPFVEPGAQFAV o o GAKWIE 279
sp|P68849|SYFA_STAAU VSDLKGTLELLAKKLFGADREI RLRPSYFPFTEPSVEVDV: CKi HTGNIE 285
Sp|Q4L5E3|SYFA_STAHJ VBDLKGTLELVAKKLFGADREI RLRPSYFPFTEPSVEVDV: CKi HTGNIE 285
Sp|Q9I0A3|SYFA_PSEAE FADLKGTI EEFLRAFFEKQLEVRFRPSFFPFTEPSAEVDI I|IG5GN QTGNIE 279
sp|P08312|SYFA_ECOLI FTNLKGTLHDFLRNFFEEDLQ RFRPSYFPFTEPSAEVDVM---------- CKNKXWIE 268
DURRRL R Rk R R Lo
zinc binding
Sp|Q5SGX2|SYFA_THET8 L GRAGUVHPKVFQAVDAYRERL GLPPAYRGVTGFAFGLGVERLAMLRYAP DI RYFFGGR 339
sp|P68849|SYFA_STAAU IL GAGVM\HPNVLEMAGFDS--------- SEYSG-AFGVGPDRIAMLKY@ EDI RHFYTND 336
Sp|Q4L5E3|SYFA_STAHJ IL GAGMVHPNVLEMAG-DS--------- NEYSG-AFGMGPDRIAMLKYQA ED RYFYTND 336
Sp|Q9I0A3|SYFA_PSEAE VMGCGINHPNVLRVSN DP--------- EKFQG-AFGVGAERLAMLRY GVNDL RLFFDND 330
sp|P08312|SYFA_ECOLI VLGC@IN\HPNVLRNVG DP--------- EVYSG-AFGVGVERL TMLRYGVTDLRSFFEND 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 LRFLGGFR-------- 338
sp|P08312|SYFA_ECOLI L RFLKQFK-------- 327

cekk Kk

Figure 2 Sequence alignment of PheS enzymesTbérmus thermophilysStaphylococcus
aureus Staphylococcus haemolytiGuBseudomonas aeruginosand Escherichia Coliusing
Clustal O in which ™" means that the residues are identical, ™" means that conserved
substtutions have been observed, "." means that-semserved 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 + amtedasic
(STYHCNGQ).



The PheRSJ}subunit contains three conserved sequence motifs (motif 1, motif 2 and motif 3),
which are typical for class Il aminoacyl tRNA synthetas These motifs play an important

role in the aminoacylation process, as theyrasponsible for active site formatidn.this active
pocket, binding occurs with ATP/phenylalanine as well as interaction with the acceptor stem of
tRNAP™® All theresidues in motifs 1, 2 andtBatform the active site in botB. aureusandsS.
haemolyticusare conserved PSIPRED 15) secondary structure prediction f8t aureusPheS
showed that motif 1 (13036) contained &igh helix content surrounded layshort strand and

coil, motif 2 (196218) folds mainly in coils and short helix and stonand motif 3 (31330) at

the C terminal ofthe U-subunit clearly fold to coils and helices. The crystal structureSof
haemolyticus(2RHQ) show these folds indicating gooagreement with the predictions of

PSIPRED for the quersequenceSupplementar dataFig. S4).

3D homology modekand validation

The homology model was constructed usthdiaemolyticusPheRSU s ubuni t ( 2RI
crystal structure through Molecular Operating Environment (MOE) software. The constructed
model was subjected to a number of checkadsess its quality. Stereochemical quality was
evaluated by Ramachandran plots using the RAMPAG#Her (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 ternine dfatickbone
stereochemistry and amino a@dvironment. 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%),

10



revealing that the main chain dihedrakndy angles in themodel were reasonably accurate
(Supplementary Fig. S1Pnly 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 evaluatedhree parametefsr 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 8&ar&b8xv.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, respectiVélgmodel residues thdall under zero
are the first 27esidueswhich are away from the active site.

Protein statistical analysis (ProSA) proes two plots; the first (Fig.a3 shows the local
model quality by plotting energies as a function of amino acid sequence position, generally
positive values relate to erroneoustpaf the input sticture. The second plot (FigoBindicates
overall model quality from which thescore is calculated, its value is displayed in a plot which
has the zscores 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. Thescre of the model was.72 compared witlthe z

score of the template 2RHQ which wasr73.

11
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Figure 3 ProSA output for theS. aureusPheRSU subuni t model . a: shov

quality by plotting energies as a function of amino acid sequence position. b: shows the overall
model quality by calculating-gcore (dark spot).

Moreover, superimposition dhe model with the main template (2RHQ) using MOE showed a
low RMSD of 0.960A 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 sideain steeochemistry forS. aureusPheS. 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 ative site is a large hydrophobic pocket formed by the followisgltesleul48,

His152, Alab4, Aspl59, Serl60, Thrl71, Hi&2, Serl74, GIn177, Me&t1, Arg200,Phe212,

12



GIn214, Glu216, Leu218, Tyr253, Phe254, Pro255, Phe256, Thr257, Glu285, Leu287, 11€286,
Gly288, Ala289, Gly290, Val292, Val296, Ala311, Phe312, Gly31d Arg318 Characteristic

with other bacterial enzymes, one wall of the phenylalanine binding pocket contains amino acids
that can participate in hydrogen bonding and electrostatic interaghda the opposite was
contains mainly hydrophobic amino acid®5). 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 (Talole @)e face of the pocket, while
recognitionon the hydrophobic side of the active sgevia two phenylalanine residues, Phe254
and Phe256, from the eubactesjgecific FPF loop25).

In contrast thd=PF triad is abseritom the phenylalaninactive site in all eukaryotic PheRi8,
human PheRS a riplet of residues Asn410, Pro41l and Tyr4l12 replace the FPF loop
(Supplementary Fig. SZ26). This difference can be exploited in selective drug design.

Table 23D and 2D models of binding interactions of phenylalaning.iaureusPheRS active
site

3D structure 2D ligand interactions
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Table 33D and2D models of binding interactions phenylalanyadenylaten S. aureu?heRS
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 interactiodankingphenylalanyladenylatg21) as

well as hydrogen bonding interaction with Serl74, with the adenylate moiety positioned further
along the hydrophobic pocket channel. The adenine ring maygestacking interactions with
Phe212 and an additionaklbbning interaction between thelenine amino group and Alal54

may help with correct orientation in the active sitalfle 3.

Two classes of. aureusPheRS inhibitors were investigated through docking studies, phenyl
thiazolylureasulfonamides (22) and ethanolamine derivative$23). As observed for
phenylalanine and phenylalargtienylate, 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 anglleaytthiazolylureasulfonamides

was though the urea NH moiety and/or the thiazoyl sulfur grdigbl¢ 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 phieragolylurea
sulfonamides ir5. aureu$?heRS 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. aureu’heRS active site

3D structure 2D ligand interactions

16



Additional H-bonding interactionsbservedor some of the inhibitors and the enzyme active site
included interactions witi\lal54, His172, Serl74, Phe256, Glu285 and GlyZ8t& binding
mode in theS. aureusPheS model was comparable with the binding of ligandsS.in

haemolyticug2RHQ); indicating the conservation of active site key residues

Metal Binding

Zinc metal

An experimental study o haemolyticusPheRS byArtem et al. (24) suggested that a zinc
finger is present, with residues in the region of Ser266 to Gly282 formirgmgpact metal
binding sitewhere the four sulfur ligands related to Cys267, Cys270, Cys275 and Ggs2i/8

tetrahedrhcoordination with zinc (Fig. 4

Figure 4 Zinc binding site irS. haemolyticuBheRSUsubunit http://www.ebi.ac.uk/pdbe

All PheRSU subunit p r o-positiven srgarfism®o nave @r canserved 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 alignofe®t aureu® h e RS U
subunit with the suggested template where all four conserved cysteine residues are identified in

the region of this donma in the query sequence (Fig.. 3he zinc metal is not involved in the
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