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All mRNAs cannot be translated into full-length proteins due to ribosome-stalling that leads to release of
peptidyl-tRNA which can be lethal for bacterial survival. The enzyme peptidyl-tRNA hydrolase (PtH) hydrolyses
the ester bond between nascent peptide and tRNA of peptidyl-tRNA and rescues the cells from toxicity. PtH is an
essential enzyme in bacteria and inhibiting this crucial enzyme can serve to combat bacterial diseases. But due to
lack of understanding about the catalytic mechanism of PtH, its inhibitors have not been developed. In this work,
we have carried out the binding studies ofM. tuberculosis and E. coli PtHwith the peptidyl-tRNA analogue (puro-
mycin) using ITC, FTIR, CD experiments followed by docking and MD simulations to identify the potential active
site residues that would help to design PtH inhibitors. Binding studies of puromycinwith both PtH by ITC exper-
iments demonstrate similar thermodynamic parameters and three fold difference in their KD. CD and FTIR studies
detected changes in secondary structure composition of PtH in the presence of puromycin with different degree
of perturbation. Though interactions with puromycin are conserved in both proteins, modelling studies revealed
that water mediated interactions inM. tb-PtH resulting in higher affinity to puromycin.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Bacterial translation machinery is one of the most exploited areas
targeted by antibiotics. During the protein translation process, ~10% ri-
bosomes get stalled along with peptidyl-tRNA due to truncated mRNA,
scarcity of amino acids or aminoacyl-tRNAs, short ORF or minigenes ex-
pression [1–6]. The peptidyl-tRNA are released from ribosomeswith the
help of translation factors such as RRF, EFG, RF3, IF1, IF2, RelA or tmRNA
[7]. The free peptidyl-tRNA could be lethal to the cells if peptidyl-tRNA
hydrolase (PtH) enzyme does not hydrolyse the ester bond between
tRNA and peptide [8–10]. PtH is a ubiquitous enzyme in the living sys-
tem. Knock out study of PtH in yeast cells does not affect its survival
[11] but it has been established as an essential protein for bacterial sur-
vival [12]. Also, there is significant structural differences between bacte-
rial (PtH1) and eukaryotic (PtH2) PtH. Hence, PtH is an established drug
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target against bacterial pathogens [13,14]. However, there is complete
lack of PtH inhibitor, primarily due to poor understanding of the struc-
tural basis of PtH activity. Though several structures of native PtH are
available [14–18], active/binding site residues have been identified
mainly by biochemical studies due to absence of structural complex of
PtH with any inhibitor or substrate. Site directed mutagenesis of E. coli
PtH have identified residues Asn10, His20, Asn68, Asp93 and Asn114
to be important for enzymatic function [19,20]. NMR studies of E. coli
PtH with its minimal substrate analogue (3′-(L-[N,N-diacetyl-lysinyl)
amino-3′-deoxyadenosine) have recognised additional residues like
Gly111, Asn114, Leu116, Lys117, Gly147, Phe148 and Val149 forming
the binding pocket [21]. The active site of PtH is associatedwith peptide
binding as well as tRNA binding [22]. NMR studies of E. coli-PtHwith an
RNAmimic containing the acceptor and TψC stems has revealed several
residues (Asn10, His20, Phe66, Met67, Asn68, Asp93, and His113,
Asn114) important for tRNA recognition [19–23]. Mutagenesis and
NMRstudies from Vibrio chloreae PtH has also identified a set of residues
(Asp14, His24, Asp97 and Asn118) involved in the enzymatic action
[18].
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However, knowledge about active/binding site residues ofM. tb-PtH
is deficient. Only one crystal structure of M. tb-PtH has been reported
[PDB:2Z2I] [24]. However, this does not provide any information
about its active site due to absence of any ligand in the structure.
Since the PtH is an attractive drug target for anti-TB drugs, its binding
site information will help to design inhibitors against M. tb-PtH. Bal
et al., have identified few important residues in the M. tb PtH catalytic
site by site directed mutagenesis experiments [25]. Though there are
many biochemical and structural studies, there is still an ambiguity in
the binding residues and catalytic mechanism of the PtH. Till date
there are no reported inhibitors against PtH due to the lack of under-
standing about its catalytic mechanism. A suitable starting point to de-
sign PtH inhibitors is to identify and characterize the binding site
residues of M. tb-PtH. This would give impetus to rational design of
PtH specific potent inhibitors.

In this work, we have carried out the binding studies of M. tb-PtH
with puromycin, one of the peptidyl tRNA analogue, using ITC experi-
ment followed by biophysical (CD, FTIR) and computational (docking
andMD simulations) studies to identify its potential active site residues.
Puromycin is a known closest structural analogue of PtH substrate
which mimics 3′-end A76 aminoacyl tRNA and it has an ester bond be-
tween amino acid and nucleotide (Fig. 1). This ester bond between 3′
amino group of the ribose sugar and amino acid in puromycin makes
it a more suitable substrate mimic of PtH. Similar studies were carried
out with E. coli PtH to find the similarity and differences in binding of
puromycin. This also helped to validate the data. Binding affinity (KD)
of puromycin was obtained to be greater for M. tb-PtH than E. coli PtH.
The secondary structure of client protein was changed during interac-
tionwith puromycin confirmed by FTIR and Induced Circular dichroism
(ICD) spectroscopic experiments. Modelling studies demonstrate that
the binding site is dominated by the hydrophobic residues in both the
proteins and a water mediated interaction has significant contribution
in ligand binding in case ofM. tb-PtH compared to E. coli PtH. These ob-
servations further have to be experimentally established by site directed
mutagenesis studies which can guide to design the M. tb PtH specific
inhibitors.

2. Materials and methods

2.1. Chemicals and reagents

Synthetic oligonucleotide primers were purchased from Integrated
DNA Technologies, India. Ligation Independent Cloning (LIC) kit was
purchased from Thermo Scientific, India. Puromycin was purchased
from Biobasic Inc., Canada. All other chemicals and reagents used in
the experiment are molecular biology reagent grade.
Fig. 1. Chemical Structure of Puromycin.
2.2. Cloning

Escherichia coli K12 strain genomic DNA was extracted by protocol
established earlier [26]. E. coli Peptidyl tRNA hydrolase (PtH) gene was
amplified by PCR using E. coli genomic DNA as a template and designed
primers (5’-AGAAGGAGATATAACTATGGTGACATTAAATTGATTGTCG-3′
(forward) and (5’-GTGGTGGTGATGGTGATGGCCTTGCGCTTTAAAGGC
GTGCA-3′ (reverse). Similarly, M. tb-PtH was also amplified by PCR
usingMycobacterium tuberculosis H37Rv strain genomic DNA (received
from Dr. Krishna Mohan's lab, THSTI, Haryana, India) and primers 5’-
AGAAGGAGATATAACTATGGCCGAGCCGTTGCTCGTG-3′ (forward) and
5’-GTGGTGGTGATGGTGATGGCCCCAGGCGTGGACGCGGTT-3′ (reverse).
The insert containing M. tb-PtH and E. coli PtH were ligated into
pLATE31 vector that is having C-terminal 6-histidine tag. PCR amplified
product of M. tb and E. coli PtH is shown in Fig. S1A & S1B. The clones
were confirmed by DNA sequencing.

2.3. Expression and purification of E. coli PtH and M. tb PtH

For protein production, E. coli BL21(DE3) strain was transformed
with plasmids encoding M. tb-PtH and E. coli PtH insert separately.
Transformed colonies containing M. tb-PtH and E. coli PtH were inocu-
lated in small culture and further grown in 1L LB media at 37 °C.
1 mM IPTG (Isopropyl β-d-1-thiogalactopyranoside) was added in
growing cells at an OD A600nm = 0.6 and further grown for 18 h at the
same temperature. Cells were harvested at 7000 rpm for 10min and re-
suspended in lysis buffer containing 50mMsodiumphosphate, 300mM
NaCl pH 8.0. After sonication, the cell lysate was centrifuged at
13000 rpm for 45min and supernatant was loaded onto a Ni-NTA affin-
ity column (GE Healthcare). PtH proteins were eluted with a linear gra-
dient of lysis buffer containing 250 mM imidazole. Eluted fractions of
E. coli and M. tb proteins were confirmed by 13% SDS-PAGE (Fig. S2A &
B). Fractions containing PtH proteins were concentrated and loaded
onto a Superdex 26/600 (200 pg) fast flow (GE Healthcare) column
equilibrated with buffer containing 50 mM sodium phosphate, 50 mM
NaCl, pH 7.5 (Fig. S3A & B). Eluted fractions containing PtH proteins
were confirmed by 13% SDS-PAGE and concentrated with 10 kDa cutoff
centricon (Amicon Ultra, Merck Millipore). The proteins were used im-
mediately or stored at−80 °C prior to further use.

2.4. Isothermal titration calorimetric (ITC)

Isothermal Titration Calorimetry (ITC) experimentswere carried out
to get information about binding parameters of puromycin with M. tb-
PtH and E. coli PtH. All the ITC experiments were carried out in buffer
containing 50 mM sodium phosphate (pH 7.5), 50 mM NaCl using
PEAQ-ITC microcalorimeter (Malvern Panalytical) at 298 K. Before
performing ITC experiment, samples were filtered and dialysed. The ti-
tration cell was filled with M. tb PtH or E. coli PtH with the concentra-
tions of 200 μM and titrated with syringe containing 4 mM
puromycin. In each ITC experiment, total 13 injections containing 3 μL
aliquots of puromycin were titrated into cell containing M. tb-PtH or
E. coli PtH. The thermodynamic parameters were determined by fitting
to a one-site binding model.

2.5. FTIR spectroscopy measurements

The protein sample (4 μL of 200 μM) was kept on the Attenuated
Total Reflection (ATR). Fourier Transform Infra-Red (FTIR) measure-
ment was done at 4 cm−1 spectral resolution on a Bruker Vertex 27 in-
strument equipped with DTGS detector. All experiments on FTIR
spectrometer were performed by OPUS software at room temperature.
In each experiment, the buffer single beam spectrum of 100 scans was
recorded as a background spectrum. Thereafter, protein sample was re-
corded in the absorption mode with the same scans. The instrument
was continuously purged with N2 gas. Absorption spectra were
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presented after baseline correction and 4 cm−1 smoothing. The process-
ing of FTIR spectra was done using MATLAB (Mathworks Inc) program
Kinetics [27,28]. Thewater vapour contributions in all spectra were ver-
ified by observing the spectral features above 1750 cm−1. In the Fig. 4,
all the spectra were normalized to equal band amplitudes.

2.6. Circular dichroism (CD) measurements

The CD spectra of the E. coli and M. tb PtH protein (20uM) with the
puromycin, using different concentration (1:0, 1:1, 1:2, 1:3, 1:5, 1:10,
1:15, 1:20, 1:25, and 1:30 ratio) at 25 °C were acquired on a Jasco
spectro polarimeter (Model J-1500). The spectra were obtained, using
the spectro manager software which is thermostatically controlled by
cell holder attached with the Jasco PTC-423S/15 peltier with a precision
of ±0.1 °C. The reference sample of CD spectrum signal containing
buffer 50 mM NaH2PO4 buffer, 50 mM NaCl pH 7.5 was subtracted.
The spectra were recorded in the range of far-UV region
(200–250 nm) using a quartz cell with a path length of 0.1 cm, a re-
sponse time of 1 s, a scan speed of 20 nm/min and bandwidth of
0.5 nm and each spectrum is the average of three scans. The CD data
were converted into the concentration-independent parameter, mean
residue ellipticity [θ] (deg cm2 dmol−1), using the formula,

θ½ �λ ¼ Mo θλ=10 � cl�

θλ is the observed ellipticity in millidegrees, Mo is the mean residue
weight of the protein, c is concentration in mg ml−1 and l is the path
length of the cell in centimetres [29].

2.7. Molecular docking and MD simulation studies

Crystal structure of M. tb-PtH [PDB: 2Z2I] [24] and E. coli PtH [PDB:
2PTH] [19] were taken and only three solvent molecules in potential
binding pocket were removed while retaining the rest of the solvent
molecules. Each of the two protein structures was energy minimized
to remove any van der Waals clashes and to optimize the interactions
between their atoms. Energy minimized structures were used as recep-
tor model for docking studies with puromycin. Binding site in E. coli PtH
for docking studies were defined by the residues reported to be
interacting with substrate/analogue. These include Asn10, Tyr15,
His20, Phe66, Asn68, Asp93, Asn114 (identified by site directed muta-
genesis/biochemical studies) [19,20,22,30,31] and Ala18, Thr20,
Asp95, Glu96 (identified by NMR studies) [18, 21 and unpublished
data]. Binding site in M. tb-PtH were defined over the putative binding
pocket surrounded by residues corresponding to above defined binding
site residues in E. coli PtH. The crystal coordinates of ligand, puromycin,
was taken from Protein Data Bank [PDB: 2DPT] [32] and energy mini-
mized before docking. Theminimized puromycinwas docked in the de-
fined potential binding pocket of M. tb-PtH using molecular docking
program AutoDock 4.2.6 [33,34] with previously reported docking run
parameters [35–37]. Total of top 50 potential solutions (docked poses)
were saved and clustered (conformations with r.m.s deviation of less
than 1.5 Å were clustered together). Docked conformation in the larger
cluster having the lowest free energy of bindingwas considered. Docked
poses were selected based on the above criteria and previous informa-
tion about bindingmode of purine ring in similar ligandswith PtH. Sim-
ilar approach was used for docking of puromycin with E. coli PtH.
Selected docked conformation of puromycin in docked complex of
M. tb-PtH was energy minimized and refined by molecular dynamics
(MD) simulations.MD simulationwas performed usingGROMACS (ver-
sion 2018.7) [38,39] with the help of GROMOS 54a7 [40] force field pa-
rameters similar to previous studies [41,42]. Each complexwas solvated
in a dodecahedron box extending to 10Å fromprotein atoms in each di-
rection using SPC216 water model [43]. Solvated complex was neutral-
ized with counter ions and energy minimized by steepest decent
algorithm with convergent criteria of less than 1000.0 kJ/mol/nm. The
energy minimized solvated complex was equilibrated at 300 K for
100 ps under NVT condition followed by 100 ps under NPT condition.
Berendsen coupling algorithm was used to regulate temperature while
Parrinello-Rahman algorithm was to regulate pressure of the system.
It was followed by production run for 200 ns under NPT condition. All
the stage of simulation was performed under periodic boundary condi-
tions using Leap Frog dynamics integrator and step size of 2 fs in the
presence of LINCS harmonic constrains. Particle Mesh Ewald (PME) al-
gorithm was to compute long range electrostatic interactions. Identical
approach and parameters were used to refine the docked complex of
puromycin with E. coli PtH.

3. Results and discussion

3.1. Binding studies of puromycin with M. tb-PtH and E. coli PtH using ITC

ITC experiments were carried out to measure the binding affinity
and associated thermodynamic parameters of puromycin for both the
PtH proteins. The binding isotherms of puromycin with titration into
M. tb-PtH and E. coli PtH at 298 K are shown in Fig. 2A & B. The binding
isotherm for both titrations fit well to a one site binding model indicat-
ing site-specific binding of puromycin with PtH. The dissociation con-
stant (KD) of puromycin for M. tb-PtH and E. coli PtH at 298 K was
determined to be 275 μM and 819 μM, respectively. This study reveals
that the binding of puromycin with M. tb-PtH is approximately 3-fold
stronger (275 μM) than that of E. coli PtH (819 μM). Thermodynamic pa-
rameters also reveal that binding is entropy driven (Fig. 3A and B)
which indicates the predominant role of hydrophobic forces between
puromycin and PtH in their binding. It was also observed that binding
of puromycin with M. tb-PtH is entropically more favourable (TΔS =
−17.1 kcal/mol) than E. coli PtH (TΔS = −11.0 kcal/mol). However
enthalpic penalty is also higher in case of puromycin binding to M. tb-
PtH (ΔH = 12.2 kcal/mol) than E. coli PtH (ΔH = 6.83 kcal/mol). Net
change in free energy (ΔG) is compromised due to the enthalpic penalty
in both the cases but results in more negative ΔG (−4.86 kcal/mol) or
higher affinity for M. tb than E. coli PtH (−4.21 kcal/mol).

3.2. Conformational changes in M. tb-PtH and E. coli PtH in the presence of
puromycin

To get insight into the secondary structural changes of PtH protein in
the presence of puromycin, FTIR spectroscopy studies were performed.
Fig. 4A and B shows the amide I region (1700–1600 cm−1) which has a
main contribution from the stretching vibrations of C_O group from
the protein backbone. Due to the different geometry and their hydrogen
bond pattern in the different types of protein secondary structures, the
amide I region gives different C_O stretching vibrations [27]. Each in-
frared absorbance spectrum of the protein sample was referenced
against the buffer background. We further checked the quality of spec-
trum by getting a straight baseline in the 1900–1800 cm−1 spectral re-
gion. The overlapping infrared bands in the amide I region were
resolved by the second derivative analysis. This process helped to iden-
tify the number of infrared bands with their position.

Fig. 4A represents the absorbance spectra of M. tb-PtH (black) and
M. tb-PtH with ligand (green). We observed majorly 4 bands in M. tb-
PtH. According to the literature [27,28,44–47], the band observed near
1699 cm−1 was assigned to β sheets/turn, near 1682 cm−1 to loop/ran-
dom coil, near 1649 cm−1 to α-helices/random coil and the band near
1636 cm−1 to β sheets conformations. We have observed 6 bands in
the presence of ligand that β sheets/turn at 1699 cm−1 shifted to
1694 cm−1 while α-helices bands at 1649 cm−1 split at 1659 and
1650 cm−1; also, β sheets conformations at 1636 cm−1 divided into
1640 and 1631 cm−1. This indicates the secondary structure changes
upon ligand binding and the protein is in more flexible conformation.
The band observed near 1617 cm−1 arises from the ligand. Similarly,
Fig. 4B shows the absorbance spectra of E. coli PtH (black) and E. coli



Fig. 2. Isothermal calorimetric titration (ITC) profiles (thermogram) of puromycin binding with [A]M. tb-PtH and [B] E. coli PtH.
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PtH with ligand (green). The bands in E. coli PtH are observed near
1690 cm−1 to β sheets/turn, near 1676 cm−1 to random coils,
1656 cm−1 toα-helices and near 1637 cm−1 to β sheets. The secondary
structural changes were observed upon ligand binding. In E. coli PtH
with ligand, the bands are perturbed and the β sheets/turn changed to
1694 cm−1, α-helices to 1654 cm−1 as well as the two bands arises
near 1640 and 1633 cm−1 are the contribution ofβ sheets. The band ob-
served at 1616 cm−1 is from the ligand.

In both M. tb-PtH and E. coli PtH proteins, conformational changes
were observed upon ligand binding. In both the cases, the band near
Fig. 3. ITC signature profile during binding of puromycin with [A]M. tb-PtH and [B] E. coli
PtH.

Fig. 4. Infra-Red (IR) absorbance spectra of [A] M. tb and [B] E. coli PtH with puromycin.
Black and green lines correspond to PtH and PtH with puromycin, respectively.
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1636/1637 cm−1 in the native protein changed into two bands near
1640 and 1631/1633 cm−1 in the presence of ligand indicating that in-
teraction between them reflects the flexibility or alteration of the pro-
tein. Apart from the β-sheets, the band near 1640 cm−1 and
1630 cm−1 may also arise due to the presence of random coil and un-
structured regions, respectively [44,48]. In the case of E. coli PtH, we ob-
served an additional band near 1648 cm−1 in the presence of ligand
indicating either ligand binding and/or the presence of random coil con-
formation. These changes reflect that the ligand binding leads more
flexible regions in the protein. However, differences in the spectra
(Fig. 4) of both proteins in the presence of the ligand highlight the dif-
ferences in the ligand binding behaviour of puromycin to both the
PtHs. This is in conformity with our ITC results where the entropic and
enthalpic contributions of ligand binding are significantly different in
both the cases (Figs. 2 and 3).

3.3. Secondary structure changes in M. tb-PtH and E. coli PtH in the pres-
ence of Puromycin

Circular dichroism (CD) provides the structural information about
the bonds and structures by its chirality.When a ligand binds to the tar-
get protein, it induces the protein CD spectrum by electron rearrange-
ments and can be used to study the binding of ligands molecules to
the proteins. Here, our CD experiments shown Fig. 5A, the absorbance
spectra of M. tb PtH (red) and induced absorbance CD spectra of M. tb
Fig. 5. CD spectrum signal of [A] M. tb and [B] E. coli PtH protein with different ratio of
puromycin.
PtH with different concentrations of the ligand (different colour). The
perturbation of induced CD spectrum with increasing magnitude of
the ligand indicating the one bindingmode between the protein and li-
gand [49] that is corroboratingwith the ITC stoichiometric results. In the
CD spectra, we have observed two distinct changes upon the ligand
binding, the overall absorption decreased as well as the shape of the
band were perturbed. The negative absorption of the band at 208 nm
(π to π⁕ transitions) decreased in comparison to the band at 222 nm
(n to π⁕ transitions) as well as the β sheets perturbation were also ob-
served [50–52]. Fig. 5B, shows the absorbance spectra of E. coli PtH
(red) and with the ligand (different colour), respectively. Here we ob-
served the similar changes i. e perturbation of α- helices as well as in
the β sheets. Also, we have observed that the distinct decrease in the
208 nm and 215 nm (n to π⁕ transitions) band in comparison to the
222nm,which are indicative of theflexible confirmation upon the bind-
ing [50–52], and induced CD spectra pattern is slightly different from
the M. tb-PtH-puromycin complex. The change in absorption as well
as different protein secondary structural changes in complex with the
puromycin indeed support the differential ligand binding pattern and
also corroborate with the ITC and FTIR studies.

3.4. Modelling studies of puromycin with M. tb PtH and E. coli PtH

Modelling studies indicates that the binding mode of puromycin
with M. tb-PtH and E. coli PtH is very much similar (Fig. 6). Puromycin
has similar interaction patterns in both the cases. Puromycin in both
cases predominantly forms hydrophobic interactions with non-polar
side chains forming the binding pocket (Figs. 6 & 7). Phenyl ring of pu-
romycin forms aromatic interactions with Tyr17 and Tyr68 ofM. tb-PtH
while it forms aromatic interactionswith corresponding residues, Tyr15
and Phe66, of E. coli PtH (Fig. 7). Additionally, it also interacts with side
chain ofMet69 ofM. tb-PtH andMet67 of E. coli PtH, respectively. Purine
ring and non-polar substituent at the ring of puromycin forms van der
Waal's interactions with non-polar side chains of Leu97, Pro146 and
Ala147 of M. tb-PtH while it form van der Waal's interactions with
Leu95, Val145, Val146 and Val149 of E. coli PtH. In addition to predom-
inant non-polar interactions between puromycin and PtH, couple of
polar contacts also looks crucial. Puromycin forms hydrogen bonds
with His22 and Asn116 of M. tb-PtH (Figs. 6A, 7A & 7C) while it forms
hydrogen bond with His20 and Asn114 of E. coli PtH (Figs. 6B, 7B &
7D). However, these hydrogen bonds have been observed at more
than 70% of MD trajectory in case ofM. tb-PtHwhile they were retained
at only bout 30% trajectory. Also, a water mediated interactionwere ob-
served with M. tb-PtH which was absent in E. coli-PtH. These interac-
tions might be contributing to higher affinity of puromycin for M. tb-
PtH compared to E. coli PtH.

MD trajectories of the complexes of puromycin with two PtH also
shows the similar dynamic behaviour of complexes with some differ-
ences. The root mean square (r. m. s) deviation of puromycin com-
plexed with M. tb PtH is slightly less than r. m. s deviation observed in
case of E. coli PtH-puromycin complex though the r. m. s deviation of
two proteins in the complex are almost same (Fig. 8A). Similarly, radius
of gyration plot of two complexes shows thatM. tb PtH-puromycin com-
plex is a little more stable than E. coli PtH-puromycin complex (Fig. 8B).
Also, r. m. s fluctuation of two proteins are very much similar (Fig. 8C).
These observations clearly show that binding of puromycin with M. tb
PtH is comparatively more stable than binding with E. coli PtH. This ob-
servation is in agreement with binding data obtained by ITC experi-
ments and this also validates the modelling results.

Analysis of modelled complex of puromycin with M. tb-PtH and
E. coli PtH clearly reveals that bindingmode of puromycinwith two pro-
teins are almost identical. This is due to highly conserved nature of bind-
ing site residues. 13 of the 16 binding site residues are identical in two
proteins while two residues are conservatively substituted (Fig. S4). It
is also clear that puromycin has majorly hydrophobic interactions
with two proteins while it forms only two hydrogen bond with both



Fig. 6.Modelled complex of puromycin (ball & stick, magenta) with [A] PtH-M. tb (cartoon, green) and [B] PtH-E. coli (cartoon, cyan). Selected residues interacting with PtH are shown as
ball and stick in respective colour.
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the proteins (Fig. 7A and B). This observation is substantiated by the
thermodynamic parameters observed in binding studies of puromycin
with PtH during ITC experiment. ITC experiment found the higher con-
tribution of entropic factor in binding of puromycin with PtH. The pos-
itive enthalpy observed in ITC experiment of puromycin binding with
PtH might be due to predominant hydrophobic nature of the binding
pocket.

(M. tb PtH – N12, Y17, H22, Y68, M69, N70, L97, G113, G114, H115,
N116, P146, A147, V150, L151 &.

E. coli PtH –N10, Y15, A16, T18, H20, F66, M67, N68, D93, L95, G111,
G112, H113, N114, V145, V146, V149, L150).
Fig. 7. Interactions observed during MD simulation of modelled complex of puromycin with (A
arrows in terms of percentage of the time observed during MD simulation while interactions a
Additionally, the newly identified residue, Asp93, of E. coli PtH found
to interact with puromycin by NMR experiment (unpublished data) is
having interactions in E. coli PtH-puromycin modelled complex. This
further endorses the in silico studies of ligand binding with PtH.

Majority of the residues of PtH implicated to be directly interacting
with puromycin by modelling studies are present in the loop region
which are less organised or existing in random conformation. Binding
of puromycin with these residues might easily perturb their secondary
structure conformation. This observation ofmodelling studies is corrob-
orated by spectroscopy studies of PtH in the presence of puromycin.
FTIR as well as CD spectroscopy studies show the marked perturbation
& C) M. tb-PtH and (B & D) E. coli PtH. Interactions are shown in panel [A] & [B] through
re shown in panel [C] & [D] through rectangular bars in terms of fraction.



Fig. 8. Plots of MD trajectory of modelled complex of puromycin with PtH-M. tb (left panel) and PtH-E. coli (right panel). [A] r. m. s deviation plot, [B] r. m. s fluctuation plot [C] radius of
gyration plot.
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in secondary structure conformation of the protein in the presence of
puromycin (Fig. 4A & B). These observations also validate the binding
mode of puromycin with PtH in modelled complex. Hence this study
helped to identify the key residues in the active site of M. tb PtH and
this information will guide the design of its potent inhibitors.

From our studies, we have demonstrated that the binding affinity
(KD) of puromycin for M. tb-PtH and E. coli PtH using ITC experiment
and the binding was also confirmed by FTIR and CD experiments. It is
also interesting to know how two homologous proteins (M. tb &
E. coli) are responding to their substrate analogue and a comparison
will help to understand the differences/similarities of potencies of
M. tb PtH specific inhibitors during cell-based screening study which is
available only in E. coli model (in E. coli AA7852 temperature sensitive
strain). And this combined study would also be helpful to validate the
importance of identified residues by site directed mutagenesis studies
which would be continuation of this work. Using FTIR and CD experi-
ments, we have shown that the secondary structure of client protein
changes during interaction with puromycin. Modelling studies demon-
strate that water mediated interaction has significant contribution in li-
gand binding in case of M. tb PtH compared to E. coli PtH. These
observations further have to be experimentally established in E. coli
AA7852 cells and are in progress in our lab.

4. Conclusion

The binding affinity of peptidyl tRNA mimic, puromycin, is about 3-
fold higher forM. tb-PtH (275 μM) than E. coli PtH (819 μM). Thermody-
namic parameters of puromycin binding with two PtH obtained from
ITC experiment reveals that binding is entropy driven. Though the bind-
ing site of two PtH is highly conserved but binding affinity of puromycin
for two proteins are significantly different. FTIR and CD experiments
also substantiate the differential binding as the changes observed in sec-
ondary structure of two PtH was not very similar. Furthermore, confor-
mational changes are observed in both PtH upon ligand binding
indicates that the secondary structure changes in the protein resulting
in more flexible conformation or ligand induced alteration in the pro-
tein. In case of M. tb-PtH, conformational changes were observed for
α-helices and β sheets in the presence of puromycin. While in case of
E. coli PtH, conformational perturbation was observed for β sheets/
turn, α-helices and random coils. Modelling studies also endorse the
differential interactions of puromycin with two PtH supporting the
FTIR, CD experiments and binding affinities obtained by ITC studies.
These studies provides important information about binding site of
PtH substrate mimic and could help in design of potent inhibitors of
M. tb-PtH which is an attractive novel drug target for anti-TB drug
development.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijbiomac.2020.05.133.
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