
 

 

Introduction 
 
Peptidyl-tRNA hydrolase (Pth, EC. 3.1.1.29), an 
esterase, catalyzes the release of tRNA from 
the prematurely terminated translation product 
peptidyl-tRNA. It also plays a pivotal role in the 
functioning of several other key translational 
factors [1-5]. Pth was first identified in Es-
cherichia coli [6-10] and yeast [11]. Subse-
quently, its homologues were also reported 
from other bacteria [12-15]. Al though the 
crystal structures of peptidyl-tRNA hydrolase 
from Escherichia coli (EcPth) [13], Mycobacte-
rium tuberculosis (MtPth) [14], Sulfolobus sol-
fataricus (SuPth) [16], human (HuPth) [17] and 
Pyrococcus horikoshii OT3 (PhPth) [18] have 
been reported but the mode of binding and the 

mechanism of catalytic action are not yet fully 
understood. It may be mentioned here that bac-
teria contain a single Pth whereas eukaryotes 
possess several isoforms such as Pth1, Pth2 
etc. In this regard, the bacterial enzymes are 
different from those of eukaryotes in lengths, 
amino acid sequences and structural folds and 
thus due to these differences the bacterial Pth 
are potentially attractive drug targets for devel-
oping new molecules against bacterial infec-
tions [13, 17]. Among the members of bacterial 
enzymes, MsPth has very low sequence ho-
mologies with Pyrococcus horikoshii (7%), hu-
man peptidyl-tRNA hydrolase (3%) and sul-
folobus solfataricus peptidyl-tRNA hydrolase 
(2%). In contrast, MsPth has a similar chain 
length and significant sequence homologies 
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with peptidyl-tRNA hydrolases from other bacte-
rial enzymes such as MtPth (80 %) and EcPth 
(38 %) whose crystal structures have been re-
ported recently [13, 14] but enough information 
was not yet available about the stereochemical 
compatibility of the substrate binding site to 
the substrate, peptidyl-tRNAs with variable sizes 
of peptide moieties, the mode of binding of 
mixtures of peptidyl-tRNAs and the mechanism 
of catalytic action. The compact nature of the 
substrate binding site in the structure of the 
native enzyme and the mode of induction in the 
structure for accommodating the substrates for 
binding and catalysis are also not yet very clear. 
In the previous homologous structures of EcPth 
[13] and MtPth [14], it was mentioned that 
the interatomic distance between the nearest 
atoms of Asp98 and Gly113 as a possible indi-
cator of the enzyme substrate binding in ter -
ac t ion  whether the ligand was bound to the 
enzyme or whe the r  the enzyme w as  in the 
resting unbound state. These differences in the 
distances were also indicative of the conforma-
tional flexibility of the binding site. The confor-
mational adaptability is particularly important in 
the case of peptidyl- tRNA hydrolases because 
the sizes of the peptide moieties of peptidyl-
tRNAs vary considerably. Thus in order to deal 
with the mixed population of peptidyl-tRNAs of 
variable sizes, the enzyme must adopt variable 
conformations. For understanding the structural 
basis of the conformational inducibility in pepti-
dyl - tRNA hydrolases and its relationship with 
enzyme action, we have determined the crystal 
structure of MsPth at 2.4 Å resolution. The 
structure has revealed the presence of several 
unique intramolecular interactions that deter-
mine the framework of MsPth and the lack of 
many interactions that allow segmental move-
ments in the structure.  
 
Materials and methods 
 
Cloning, expression and protein purification 
 
Genomic DNA from Mycobacterium smegmatis 
was prepared according to the method de-
scribed by Kremer et al. [19]. The MsPth gene 
was PCR amplified using Pyrococcus furiosus 
DNA polymerase (fermentas) using 5′CAT GCC 
ATG GCC GAG CCG CTG CTG GTA GTG3′ and 5′ 
CCC AAG CTT CTA CCA GGC GTG GAC GGT GTT 
CTG 3′ as forward and reverse primers respec-
tively. The PCR involved 30 cycles of initial de-
naturation at 368 K for 3 min, annealing at 340 
K for 45 s and extension at 345 K for 1 min. 

The PCR product was digested with NcoI and 
HindIII and cloned into the same sites of the 
pETNH6 vector. The clone was verified by se-
quencing. The E. coli BL21 (λDE3) strain was 
used for expression of the recombinant MsPth 
protein. A single colony was inoculated in Luria-
Bertani (LB) media supplemented with 100 mg/
ml ampicillin and grown at 37°C. This overnight 
culture was used as a seed culture. The seed 
culture was reinoculated in fresh 1 liter LB me-
dium and the required amount was inoculated 
with 1% of this culture and grown at 37°C with 
shaking (220 rpm) until the OD at 600 nm 
reached the value of 1.0. The culture was 
cooled down to 27°C and induced with 0.3 mM 
isopropyl-1-thio-β-D-galactopyranoside (IPTG) 
and grown for a further 13 h at 27°C with 
slower shaking (180 rpm). Cells were harvested 
by centrifugation at 4000 g for 10 min at 4°C. 
Approximately 1 g of the wet pellet was sus-
pended in 15 - 20 ml of 50 mM Tris-HCl buffer 
containing 300 mM NaCl and 10 mM imidazole, 
pH 8.0 (lysis buffer) and stored at -80°C until 
further use. The cells were disrupted using cell 
disruption system at 22 KPSI (Constant Sys-
tems Ltd., England). The ruptured cells were 
centrifuged at 13000 g for 30 min at 4°C. The 
cleared lysate was applied to a Ni-NTA Super-
flow column (QIAGEN Gmbh, Germany) pre-
equilibrated in lysis buffer and purified using 
stepwise washing with 30 mM lysis buffer fol-
lowed by 300 mM imidazole in lysis buffer. A 
portion of each fraction was subjected to 15% 
sodium dodecyl sulphate - polyacrylamide gel 
electrophoresis (SDS-PAGE). The protein bands 
were visualized by staining the gel with 
Coomassie Brilliant Blue R250 (Sigma-Aldrich, 
St. Louis, Missouri, USA). The appropriate frac-
tions were pooled and His-tag was removed by 
digestion with Tobacco Etch Virus (TEV) prote-
ase and the column was washed with the same 
buffer. MsPth did not bind to the column and 
was recovered from the flow-through. Appropri-
ate fractions were pooled and concentrated 
using centricon of 5-kDa cut-off (Millipore Cor-
poration, Billerica, Massachusetts, USA). The 
concentrated protein was purified using FPLC 
(Bio-rad, Berkeley, California, USA) with pre-
packed superdex G-75, 10/300 column (GE 
Healthcare, Buckinghamshire, UK) in buffer 
containing 20 mM Tris-HCl, pH 8.0, 50 mM 
NaCl, 1.0 mM EDTA, and 5 mM β-
mercaptoethanol. After purification the protein 
was concentrated to 6.0 mg/ml in a centricon 
of 5-kDa cut-off (Millipore India Pvt. Ltd, Banga-
lore, India). The protein concentration was esti-
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mated using Bradford Reagent (Sigma-Aldrich, 
St. Louis, Missouri, USA) according to the sup-
plier’s protocol using bovine serum albumin 
(BSA) as standard.  
 
Crystallization, structure determination and 
refinement of MsPth 
 
FPLC purified samples of MsPth in the buffer 
containing 20 mM Tris-HCl, pH 7.5, 1 mM EDTA, 
50 mM NaCl and 5 mM β-mercaptoethanol con-
centrated to 6 mg/ml. The reservoir solution 
was prepared with 30% (w/v) PEG-1500 and 
10% isopropanol in 100 mM HEPES buffer, pH 
6.5. 2 μl of the reservoir solution was added to 
the 5 μl of protein solution to make the sample 
drops of 7 μl. These drops were placed on the 
siliconized cover slips and equilibrated in a 
hanging drop vapour diffusion set up against 
the reservoir solution. X-ray intensity data were 
collected at 293K using a MAR research 345 
mm dtb imaging plate scanner, mounted on a 
Rigaku RU-300 rotating anode X-ray generator 
operating at 50 kV and 100 mA. The structure 
of MsPth1 was solved using molecular replace-
ment method with the program MOLREP [20] 
using coordinates of MtPth (PDB accession no: 
2Z2I) as the search model [14]. The structure 
was refined using program CNS [21].  The pro-
tein chain was manually fitted into the electron 
density using programs COOT [22] and O [23]. 
The electron density in the Fourier │(2Fo-Fc)│ 
map contoured at 1.25 s was well defined for 
whole of C-terminal segment (residues 180 - 
191). Based on the clear indications from the 
excellent electron densities in the Fourier │(2Fo
-Fc)│ and difference Fourier │(Fo-Fc)│ maps, 
residues, Ser59, Cys67, Tyr68 and Ala156 were 
changed to Thr59, Ile67, Ser68, and Ser156 
respectively. In the final stages of refinement, 
the positions of 141 water oxygen atoms were 
obtained from the difference │(Fo-Fc)│ Fourier 
maps. The final Rcryst and Rfree (for 5% data) fac-
tors were 0.179 and 0.211 respectively. 
 
Results 
 
Quality of model 
 
The refined final model of MsPth consists of 
1428 protein atoms from all the 191 residues 
including the twelve C - terminal residues (180 
- 191) which were not present in the previ-
ously reported homologous structure of MtPth 
[14]. The positions of 141 water oxygen atoms 
have also been determined accurately. The 

final crystallographic R-factor is 18.2% while 
the free R-factor for 5% reflections which were 
not included in the refinement is 22.1%. The 
molprobity score is 64 percentile [24]. As cal-
culated using PROCHECK [25], 92.2% resi-
dues were found in the most favored regions 
of the Ramachandran map [26]. The refine-
ment statistics has been included in Table 1.  
 
Molecular structure 
 
MsPth exists as a monomeric protein and 
adopts an α/β fold with seven β-strands, β1 (5 - 
10), β2 (41 - 43), β3 (48 - 52), β4 (58 - 64), β5 
(89 - 96), β6 (103 - 108) and β7 (130 - 136) 
and six α-helices, α1 (24 - 36), α2 (72 - 82), α3 
(116 - 125), α4 (146 - 151), α5 (156 - 179), α6 
(181 - 188). As seen from (Figure 1A), a twisted 
β-sheet is formed in the centre of the molecule 
by four parallel strands, β4, β1, β5 and β7. The 
β-sheet is flanked by two antiparallel β-strands, 
β2 and β3. The remaining β-strand, β6 is anti-
parallel to β-strand, β7 which is located next to 
the longest α-helix, α5. The centrally located β-
sheet is surrounded by α-helices, α1, α2, α3, 
α5 and α6 in such a manner that α1, α5 and 
α6 are on one side while α2 and α3 are located 
on the opposite side. A short helix α4 is situated 
above the crevice as part of the mobile seg-
ment Gly138 - Val150 (Figure 1A). In fact, it can 
also be visualized that the seven β-strands are 
supported by two α-helices, α2 and α3 from 
below whereas α1, α5, α4 and α6 are placed 
above covering two sides completely. The puta-
tive substrate binding site in MsPth is indicated 
in red color (Figure 1B). The C-terminal segment 
consisting of residues Gly180 - Trp191 is well 
defined in the present structure except the last 
two residues Ala 190 and Trp191 for which 
electron density was weak though very charac-
teristic to allow the unambiguous interpretation 
of these residues (Figure 2A). It is important to 
note that that the C-terminal segment forms 
several intramolecular contacts with the resi-
dues of neighboring β-strand β6 and α-helix α5 
(Figure 2A). The important contacts of the C-
terminal segment include hydrogen bonds, 
Gln185 Nε2•••O Leu106 = 2.8 Ǻ, His189 
Nε2•••N Leu106 = 3.2 Ǻ and Gly180 
N•••O Leu176 = 2.9 Ǻ. Apart from these 
interactions, the other stabilizing factor is pro-
vided by van der Waals contacts of Leu181 of 
the C-terminal segment with residues, Leu106, 
Leu108, His131, Leu175, Leu176, Ala184, and 
Gln185. The extensiveness of interactions in-
volving Leu181 with neighboring residues indi-
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cate a feature that is typical of a leucine binding 
pocket [29] (Figure 2B). There is another very 
important feature of MsPth structure that per-
tains to the flexibility of the segment Gly138 - 
Val150. An examination of the values of B - fac-
tors of the residues of this segment shows that 
the B - values increase abruptly at residue, 

Gly138 but these drop gradually after residue, 
Pro146 to the optimum level at residue, 
Val150. The highest values are observed for 
residues, Gly142 and Arg143 both of which are 
part of the tight type II' β-turn conformation and 
interestingly, these two residues are located at 
the centre of the segment Gly138 - Val150 indi-
cating domain-like movement of the segment 
with respect to the rest of the body of the mole-
cule.  
 
Structural comparisons with MtPth and EcPth 
 
The sequence of MsPth consists of 191 amino 
acid residues and the positions of protein at-
oms from all the 191 residues were determined 
unambiguously using X-ray crystallographic 
method. The sequence of amino acid residues 
of MtPth also contains 191 amino acid residues 
but the structure determination could reveal the 
positions of atoms from only 179 residues [14]. 
The sequence of EcPth has 193 residues 
(Figure 3) and the positions of all the atoms 
from 193 residues were reported. The superim-
position of Ca atoms of 179 residues of MsPth 
on those of MtPth shows an r.m.s. deviation of 
1.1 Å whereas the r.m.s. shift for all the atoms 
was found to be 2.6 Å. The r.m.s shift when Ca 
atoms of 191 residues of MsPth and EcPth 
were superimposed was found to be 2.2 Å. It 
means that the overall structure of EcPth is con-
siderably different from that of MsPth and 
hence only a limited comparison will be made 
with it. The regions of the MsPth structure that 
deviate prominently from the corresponding 
segments of MtPth and EcPth include residues 
1 - 5 (N-terminus), 34 - 62 (loop α1 - β2, β-
strands, β2, β3 and β4), 138 - 150 (loop β7 - 
α4 and α-helix, α4) and the segment 180 - 191 
(C-terminal region including α-helix, α6). It may 
be noted here that the C-terminal stretch of 
residues, 180 - 191 was not observed in MtPth 
[14] while its N-terminal residues, 1 - 5 were 
poorly defined. In this regard, it is important to 
note that in MsPth, Gln89 stabilizes the N-
terminal segment effectively by forming two 
hydrogen bonds with the backbone atoms of 
Glu3 and Pro4 (Gln89 Ne2•••O Glu3 = 3.1 Å 
and Gln89 Ne2•••O Pro4 = 2.9 Å). The resi-
due corresponding to Gln89 is Asn89 in MtPth 
and forms only one weak hydrogen bond with 
the side chain atom of Glu3 (Asn89 
Nd2•••Oe1 Glu3 = 3.3 Å). On the other hand, 
the chain of EcPth is shorter by one residue at 
the N-terminus and appears to be optimally well 

Table 1. Data collection and refinement statis-
tics. 
Data Collection Statistics   

Space Group P212121 
Unit Cell Dimensions   
A 45.0 
B 59.0 
C 62.1 
Number of molecules in the unit cell 4 
Vm (Å3/Da) 2.0 
Resolution range (Å) 
The highest resolution shell (Å) 

2 3 . 4 0 -
2.40 
2.50-2.40 

Total number of measured reflec-
tions 

34601 

Number of unique reflections 6520 
Completeness of data (%) 95 (98) 
Rsym* (%) 11.5 (47.8) 
I/s(I) 8.0 (2.5) 
Refinement Statistics   
Rcryst+ (%) 18.2 (24.7) 
Rfree$ (5 % data) 22.1 (35.0) 
Protein atoms 1428 
Water oxygen atoms 141 
R.m.s.d in bond lengths (Ǻ) 0.008 
R.m.s.d in bond angles (º) 1.6 
R.m.s.d in torsion angles (º) 23.4 
Mean B-Factors   
main chain atoms 28.2 
side chain atoms 33.4 
water atoms 47.8 
all atoms 32.2 
Ramachandran Plot   
Residues in the most allowed re-
gions (%) 

91.6 

Residues in the additionally allowed 
regions (%) 

8.4 

Clash Score (percentile)16 87 
Molprobity Score (percentile)16 54 
PBD Accession Code 3KJZ 
Values in parentheses are for the last shell. *Rsym (I) = 
Σhkl Σi │Ii (hkl) - I(hkl) │ / Σhkl Ii (hkl); +Rcryst = Σhkl │Fobs - 
Fcalc │ / Σhkl Fobs; $Rfree = Σhkl │Fobs - Fcalc │ / Σhkl Fobs 
where all reflections belong to a test set of 5 %. 
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Figure 1. Structure of MsPth depicted as ribbons: (A) a topology with twisted β-sheet at the center showing color 
coded B-factors with B-values of 50-75 Å2 (red), 40-50 Å (green), 20-30 Å2 (aquamarine) and 10-20 Å2 (blue) (B) Rib-
bon diagram of MsPth with secondary structure elements labeled as β-strands, β1 – β7 and α-helices as α1 – α6. 
The substrate binding site is indicated in red colour. Figure was drawn using Pymol [28]. 

Figure 2. (A) A view of the ordered C-terminal segment (Gly180 - Trp191) (yellow) with respect to neighboring seg-
ments in the protein (green). The omit electron density for the C-terminal segment at 2s cut off is also indicated. The 
hydrogen bonds involving C-terminal residues are indicated by dotted lines. A number of hydrophobic residues are 
also shown in the proximity of Leu181. (B) The position of Leu181 in the hydrophobic leucine binding pocket is 
shown. 
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integrated with the rest of the protein through 
intramolecular contacts. The C-terminal seg-
ment in MsPth is well defined with a number of 
intramolecular contacts involving the C-terminal 
residues. The prominent interactions include at 
least three hydrogen bonds and several van der 
Waal’s contacts. The C-terminal residues, 
His189, Gln185 and Gly180 form hydrogen 
bonds with other parts of the protein molecule 
while the side chain of Leu181 is held firmly in 
a hydrophobic pocket which is formed with resi-
dues Leu106, Leu108, His131, Leu 175, 
Leu176, Ala184, Glu185. In contrast, the 
twelve C-terminal residues (180 - 191) of MtPth 
were not observed which were presumably dis-

ordered due to lack of interactions particularly 
those involving Leu181 as it is replaced by 
Met181 in MtPth which may not be optimally 
accommodated in the hydrophobic pocket. Fur-
thermore, the hydrophobic pocket is also not 
formed properly due to the replacements of 
Leu108 and His131 by Ile108 and Gln131 re-
spectively. As a result of a relatively poor pack-
ing, the conformation of the C-terminal segment 
in MtPth might have been considerably disor-
dered and hence it could not be observed in the 
crystal structure of MtPth [14]. In contrast, the 
structure of C-terminal region in EcPth is sub-
stantially different partly because the corre-
sponding hydrophobic pocket is formed slightly 

Figure 3. Multiple sequence alignment of peptidyl - tRNA hydrolses (Pth) from Mycobacterium smegmatis (MsPth), 
Escherichia coli (EcPth) and Mycobacterium tuberculosis (MtPth) is performed using ClustalW [27]. The first col-
umn shows the protein identifier. The identical residues are colored in grey, substrate - binding active site residues 
are shown in cyan. The segments associated with substrate - binding cleft are shaded in pink. The secondary struc-
ture elements of Pth protein are schematized above the sequence with β-strands represented as arrows and α-
helices as cylinders. The C-terminal segment (180 - 191) indicated in green is absent in the structure of MtPth.  
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differently with three aromatic residues, 
Phe106, His131 and Trp176. Also, since the C-
terminal tripeptide, Lys191 - Ala192 - Glu193 is 
inserted into the substrate - binding cleft of the 
neighboring molecule during molecular packing 
in the crystals, thereby stabilizing the C-terminal 
segment. In this context, it is important to note 
the presence of three extra amino acid residues 
at the C-terminus in EcPth. This elongation of 
the C-terminal part may be essential for the 
interaction with the substrate - binding cleft of 
another molecule leading to stabilization of the 
C-terminal residues in EcPth. However, this ten-
dency of blocking the substrate - binding site of 
another molecule is also suggestive of a self 
inhibitory action in EcPth although a similar mo-
lecular association has not been observed so 
far in solution indicating a low binding affinity.    
 
In order to understand the features of the re-
gion which is believed to be involved in peptide 
and tRNA binding, it is important to examine the 
roles of protein segments, Gly9 - Ala18, Ile67 - 
Ser 72, Ile93 - Asp100, Leu108 - Leu118, and 
Gly136 - Asn153 which are part of the sub-
strate - binding cleft. In EcPth residues, Asn12, 
Tyr17, Asn70, and Asn116 (MsPth numbering) 
were observed forming intermolecular interac-
tions with the C-terminal segment of the 
neighbouring molecule in the crystal packing. 
This was used as the basis for having identified 
the cleft as a potential binding site for the pep-
tide part of the substrate, peptidyl - tRNA al-
though similar molecular packings have not 
been observed in the crystal structures of MtPth 
[14] and MsPth (present structure). The lack of 
such an interaction in the present structure may 
apparently be due to the reason that the C-
terminal segment is tightly held with the rest of 
the protein and may not be easily detachable to 
interact with the residues of the substrate - 
binding cleft of the neighboring molecule al-
though it may provide an essential contribution 
to interact with the tRNA part of the peptidyl-
tRNA when the substrate peptidyl-tRNA is intro-
duced. In the case of MtPth, the C-terminal seg-
ment appears to be highly disordered and thus 
it is unable to interact with the substrate - bind-
ing cleft of the neighboring molecule in a similar 
way as observed in EcPth. Indeed, it may re-
quire stronger attractions to be able to partici-
pate in the intermolecular interactions as might 
be provided by the substrate molecule, peptidyl 
- tRNA.  
 

Discussion 
 
One of the most striking features of the peptidyl
-tRNA hydrolase structures pertains to the con-
formation of the loop Gly138 - Val150 (Figure 
4A). It is observed that the segment, Gly138 - 
Val150 adopts different conformations in the 
structures of MsPth, MtPth and EcPth indicating 
the highly flexible states of the loop (Gly138 - 
Val150) which may be required for the sub-
strate recognition by these proteins to accom-
modate a variety of peptide moieties of peptidyl 
- tRNA hydrolases. In the case of EcPth, the wid-
ened cleft, due to the moving away of the loop 
Gly138 - Val150, presumably due to the bound 
peptide, is closed by the positioning of Lys142 
after the binding had occurred which may possi-
bly interact with tRNA moiety after the peptide 
is anchored in the cleft while in the case of 
MtPth due to different positioning of the flexible 
loop, the corresponding residue Arg143 is point-
ing in an almost opposite direction to that of 
Lys142 of EcPth. In contrast, in the present 
structure of MsPth, the Gly138 - Val150 loop is 
oriented differently with the corresponding 
Arg143 oriented at about 90° from the direc-
tions of both Lys142 in EcPth and Arg143 in 
MtPth (Figure 4B). The conformation of the loop 
Gly138 - Val150 is apparently guided by a few 
key interactions involving this loop (Figure 5A). 
In MtPth, Asp98 forms a salt bridge with Arg139 
(Figure 5B) as a result of which the side chain 
of Arg139 turns towards the backbone causing 
narrowing of the loop at the site of Arg143 with 
a unique positioning of Lys144 (Figure 6). In 
this case, Arg21 forms a salt bridge with 
Glu158. It is completely different in MsPth 
where Arg139 does not interact with Asp98. In 
contrast, a strong salt bridge is observed be-
tween Lys144 and Glu152 which broadens the 
internal space of the loop pushing Arg143 out-
wardly at an angle of 90° from the base of the 
backbone (Figure 5A). In MsPth, Arg21 provides 
the loop stabilizing interactions by simultane-
ously interacting with Phe149 O and Glu 158 
Oδ2. The environment in EcPth is very different 
where an external salt bridge involving Asp141 
and Lys144 guides the final conformation of the 
loop and the residue corresponding to Lys144 
in MsPth is Asn143 in EcPth which is oriented 
in an altogether different direction. However, 
Arg19 interacts with both Phe148 and Glu157. 
It may also be noted here that the residue cor-
responding to Asp141 of EcPth is Gly142 in 
both MtPth and MsPth. These interactions indi-
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cate that the movements of the loop Gly138 - 
Val150 are differently regulated in these pro-
teins suggesting potentially important differ-
ences in the modes and rates of substrate bind-
ings. 
 
Yet, another important feature in these struc-
tures concerns with the formation of a β-reverse 
turn between β-strand β6 (103 - 108) and α-
helix α3 (116 - 125) which determines the 
shape and position of one of the sides at the 
opening of the gate to the substrate - binding 
cleft. The supposedly flexible tetrapeptide 
Glu112 - Gly113 - Gly114 - His115 (Figure 6) 
from one side of the cleft adopts a rather tight 
type II' β-turn conformation with a characteristic 
intra - turn hydrogen bond, His115 N•••O 
Glu112 = 3.1 Å. The distance between Glu112 
Cα and Asn116 Cα is 8.1 Å. The corresponding 
tetrapeptides in MtPth and EcPth form distorted 
type I' β-turn conformations with Ni+3•••Oi 
hydrogen bonds with distances of 3.0 Å and 3.1 
Å respectively. The distances between Glu112 
Cα and Asn116 Cα in MtPth and EcPth were 
found to be 7.7 Å and 7.1 Å respectively indicat-

ing a more compact shape of the turn in EcPth 
and the least tightness in MsPth. It may be at-
tributed to a strong interaction between Gly113 
O and the side chain of Arg119 (Gly113 
O•••NH1 Arg119 = 3.3 Å and Gly113 
O•••NH2 Arg119 = 2.9 Å) (Figure 6A). The 
similar interactions are absent in both MtPth 
and EcPth (Figures 6B and 6C) indicating that 
the conformation of Gly113 (Φ = 57.2º and Ψ = 
-134.9º) is different from MsPth than those in 
MtPth (Φ = 63.3º and Ψ = 20.4º) and EcPth (Φ 
= 57.7º and Ψ = 27.2º). As a result, the dis-
tance between Asp98 Oδ2 and Gly113 Cα in the 
unliganded state is 4.5 Å in MsPth whereas the 
corresponding value in MtPth is of the order of 
3.1 Å - 3.4 Å. As a consequence, the width of 
the cleft at Asp98 Oδ2 and Gly113 Cα is different 
in the resting states of MsPth and MtPth and 
this may show different behavior on induction 
by substrates peptidyl-tRNAs resulting in the 
different mode of binding and different rate of 
catalysis. The corresponding distance in the 
liganded EcPth is 6.7 Å. Yet another relevant 
distance indicator that reflects the variable po-
sition of the flexible loop Gly138 - Val150 is 

Figure 4. (A) The mobile segment Gly138 - Val150 showing the position of Arg143 and salt bridge formed between 
Lys144 and Glu152 as unique features of the structure of MsPth. The dotted lines indicate hydrogen bonds and 
salt bridges. (B) The superimpositions of Cα traces of MsPth (green), MtPth (yellow) and EcPth (pink). The side 
chains of Arg143 of MsPth (green), MtPth (yellow) and the corresponding residue Asn142 from EcPth (pink) are 
also shown. 
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between Ala147 Cα - Gly114 Cα which is 7.8 Ǻ in 
MsPth while the corresponding distances in 
MtPth and EcPth are 9.5 Ǻ and 11.8 Ǻ respec-
tively. These values clearly indicate that the 
flexibility and mobility of the loop Gly138 - 
Val150 in peptidyl-tRNA hydrolases are not 
identical in these three proteins which may get 

adjusted upon the binding of substrates accord-
ing to the sizes of their peptide moieties.   
 
From the structural model of EcPth as well as 
from the mutational studies, it has been indi-
cated that the residues Asn116, His22 and 
Asp95 may be involved in catalysis. The struc-

Figure 5. The roles of Arg139 and Arg21 in stabilizing the conformation of the loop Gly138 - Val150 in (A) MsPth: 
Arg139 does not interact with Asp98 while Arg21 forms a hydrogen bond with Phe149O. Glu158 forms a salt bridge 
with Lys144; (B) MtPth: Arg139 forms a salt bridge with Asp98 while Arg21 interacts with Glu158. Lys144 does not 
interact intramolecularly and (C) EcPth: The residue corresponding to Arg139 is His138 which is not involved in the 
intramolecular interactions. The residue corresponding to Arg21 is Arg19 which is not involved in interactions. 
Lys142 (corresponding to Arg143 in MsPth) hangs outwardly from the molecule.  
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ture of MsPth revealed that Asn116 Nδ2 forms a 
hydrogen bond with His22Nε2 (3.0 Ǻ) while 
His22Nδ1 is hydrogen bonded to Asp95Oδ2 (2.8 
Ǻ) (Figure 7). This arrangement appears to be 
stereochemically favorable for the enzymatic 
activity. It is noteworthy that a series of posi-
tively charged residues and other ionic residues 
make a favorable site for a potential interaction 
with tRNA moiety.  

Concluding remarks 
 
The peptidyl - tRNA hydrolase from Mycobacte-
rium smegmatis is a single domain 21k Da pro-
tein without a salt bridge. It hydrolyzes peptidyl-
tRNAs which are a mixture of substrates con-
sisting of peptide moieties of variable lengths. 
The protein chain adopts an α/β fold with a 
twisted β-sheet in the centre which is sur-

Figure 6. The conformation and stability of one of the sides of the substrate - binding cleft, residues (108 - 118):  (A) 
MsPth, (B) MtPth and (C) EcPth. The dotted lines indicate hydrogen bonds. Particularly noteworthy is the position of 
Gly113 O (orange) in the three structures. In MsPth, it differes from those in MtPth and EcPth.  
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rounded from two sides by α-helices. The main 
features of this protein are the formation of a 
substrate - binding cleft consisting of protein 
segments Gly9 - Ala18, Ile67 - Ser72, Ile93 - 
Asp100, Leu108 - Leu118 and Gly136 - 
Asn153, a domain-like mobile segment 
(residues 138 - 150), a flexible C-terminal seg-
ment (180 - 191), a slightly rigid side of the 
cleft (residues 109 - 118) and the substrate - 
binding residues Asn12, His22, Asn70, Asp95 
and Asn116 which are conserved in Pth from 
various species. The observed structures of Pth 
from three bacterial species, Mycobacterium 
smegmatis (MsPth), Mycobacterium tuberculo-
sis (MtPth) and Escherichia coli (EcPth) indi-
cate different states of flexibility for the loops 
109 - 118, 138 - 150 and the C-terminal seg-
ment, 180 - 191. The flexible nature of the pro-
tein appears to be essential to accommodate 
the different sizes of peptide moieties and the 
negatively charged phosphate group of tRNA. 
The observed differences in the flexible states 
of three bacterial species caused primarily by 
different intra - molecular interactions suggest 
that the substrate affinities, mode of binding 
and rates of catalysis may differ in these pro-
teins. In view of a variety of bacterial infections 
and the growing incidences of bacterial resis-
tance to antibiotics, it is important to produce 
common structural details for developing uni-
versal drugs to control bacterial infections. In 

this regard, the structure determination of 
MsPth has provided a variety of mechanistic 
aspects of intramolecular interactions related to 
enzyme dynamics and ligand design.  
 
Protein data bank accession codes 
 
The atomic coordinates and the structure fac-
tors have been deposited in the RCSB Protein 
Data Bank with the accession code 3KJ2.  
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