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Abstract

Bacterial tRNA (guanine37-N1)-methyltransferase (TrmD) plays important roles in translation,
making it an important target for the development of new antibacterial compounds. TrmD
comprises two domains with the N-terminal domain binding to the S-adenosyl-L-methionine
(SAM) cofactor and the C-terminal domain critical for tRNA binding. Bacterial TrmD is functional
as a dimer. Here we report the backbone NMR resonance assignments for the full length TrmD
protein of Pseudomonas aeruginosa. Most resonances were assigned and the secondary structure
for each amino acid was determined according to the assigned backbone resonances. The
availability of the assignment will be valuable for exploring molecular interactions of TrmD with
ligands, inhibitors and tRNA.
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Biological content

Methylation of guanine at position 37 in RNA is critical for bacterial growth, as this reaction is
essential for preventing reading frame shifts during translation and therefore for maintaining the
fidelity of protein synthesis (Bjork, Wikstrom and Bystrom 1989). This methylation is catalyzed
by the tRNA (guanine37-N1)-methyltransferase (TrmD). TrmD uses S-adenosyl-L-methionine
(SAM) as a cofactor and transfers the methyl group to the N1 atom of G37 in tRNA (O'Dwyer et
al. 2004). TrmD has been shown to be critical for growth of bacteria such as Pseudomonas
aeruginosa (Jaroensuk et al. 2019), Escherichia coli (Persson et al. 1995) and Streptococcus
pneumoniae (Thanassi et al. 2002, O'Dwyer et al. 2004). Although methylation at G37 is conserved
among eukaryotes, archaea and bacteria (Juhling et al. 2009), structural studies and biochemical
analysis suggests that bacterial TrmD and eukaryotic tRNA methyltransferase 5 (Trm5) originated
from different ancestral enzymes (Goto-Ito, Ito and Yokoyama 2017). In agreement with this
hypothesis, the folding of the SAM binding site differs between eukaryotic and bacterial
methyltransferase (Goto-Ito et al. 2009), suggesting that it should be, in principle, possible to
develop specific inhibitors that will not cross-react with the human methyltransferase. Therefore,
bacterial TrmD protein appears as an attractive antibacterial target and efforts have been spent to
develop potent inhibitors (Hill et al. 2013). P. aeruginosa is an important human pathogen and its
TrmD is a validated drug target (Hill et al. 2013 and Jaroensuk et al. 2019). Structural studies on
bacterial TrmD will be helpful for structure-based drug discovery programs.
The three-dimensional structure of TrmD was initially reported using X-ray crystallography, in the
presence of the SAM cofactor and also as a ternary complex with tRNA (Ito et al. 2015, Thomas
et al. 2011). Bacterial TrmD was found to contain an N-terminal domain (NTD) responsible for
SAM binding, a short linker and a C-terminal domain (CTD) important for tRNA binding. TrmD
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functions as a homodimer in which both the N- and C-terminal domains are involved in forming
the 2-fold symmetric dimerization interface. We recently reported that the N-terminal domain
alone is able to form dimers in solution and exhibits molecular interactions with SAM or SAM
competitive inhibitors (Li et al. 2018, Zhong et al. 2019). This was consistent with the previous
observation that the NTD binds to SAM and to some competitive inhibitors such as sinefungin
(SFG) (Holmes, Andraos-Selim and Redlak 1995).
Here, we carried out solution NMR studies on the full length TrmD of P. aeruginosa. The full
length PaTrmD harbours 252 amino acids and exists as a dimer in solution. We obtained chemical
shift assignments for the backbone resonance of PaTrmD. Secondary structural analysis based on
the assigned resonances was carried out and the secondary structure appears very similar to that of
the PaTrmD crystal structure (PDB accession code: 5WYQ). We found that the purified PaTrmD
exhibited molecular interactions with SAM and its analogues resulting in a significant increase of
protein thermal stability. The availability of backbone resonance assignments for the full length
TrmD protein will facilitate further studies on TrmD interactions with various ligands.
Materials and methods
Protein purification
The cDNA encoding the full length TrmD of Pseudomonas aeruginosa was cloned into the Nde I
and Xho I sites of pET29b. The resulting plasmid encodes a protein with a hexa-histidine tag at the
C-terminus. To express the full length TrmD for NMR studies, the plasmid was transformed into
E. coli BL21(DE3) competent cells. The recombinant protein was produced under the same
conditions as those used for the N-terminal domain of TrmD (Li et al. 2018). The induction
condition was 18 °C in the presence of 0.5 mM IPTG overnight. To get high protein expression,
the IPTG was added to the culture when the cell density (OD600) reached 0.6-0.8. Isotopically
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labeled proteins were produced by growing the cells in M9 medium supplied with 2 g L-1
glucose, 1 g L-1

15

13

C-

NH4Cl and 100% D2O. The cells with induced protein were harvested by

centrifugation at 7000 ×g, 4 °C for 10 min. The cells were lysed using a sonicator in a buffer
containing 20 mM sodium phosphate, pH 7.8, 500 mM NaCl, and 2 mM β-mercaptoethanol in an
ice bath. The resulting cell lysate was cleared by centrifugation at 40,000 × g 4 °C, for 20 min
before loading onto a gravity column with Ni2+-NTA affinity resin. The resin was then washed
with a buffer containing 20 mM sodium phosphate, pH 7.2, 1 M NaCl, 20 mM imidazole and 2
mM β-mercaptoethanol. TrmD was then eluted from the resin using an elution buffer containing
500 mM imidazole, 500 mM NaCl at pH 6.5, and 2 mM β-mercaptoethanol. The purified fractions
were further loaded onto a HiPrepTM 16/60 sephacrylTM S-200 HR column in a buffer that
contained 20 mM sodium phosphate, pH 7.2, 150 mM KCl, 0.5 mM EDTA and 1 mM DTT.
Fractions were combined and concentrated to 0.8-1.2 mM with an Amicon Centrifugal Filter unit
with a molecular weight cutoff of 3 kDa for NMR data acquisition. In addition, the native PaTrmD
protein used for the thermal stability assay was expressed and purified as described previously (Li
et al. 2018, Zhong et al. 2019). The 1H-15N-HSQC spectra of 15N-labeled and 15H/13C/2H-labeled
PaTrmD were very similar, indicating complete back exchange of the HN in the deuterated
medium.

Thermal stability assay
The thermal stability analysis was performed as described for the N-terminal domain of PaTrmD
(Li et al. 2018). Briefly, the assay was carried out in a 96-well PCR plate (Bio-Rad) with a volume
of 50 μl per reaction containing 5× SYPRO Orange dye (Invitrogen), 4 μM of test protein and 0.5
mM of test ligand(s) (SAM, S-adenosylhomocysterin (SAH), and methylthioadenosin (MTA)) or
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1 mM sinefungin (SFG). 0.9% (v/v) DMSO was present when SFG was tested for optimal
solubility of the test compound. To serve as negative controls, assay buffer only (50 mM Tris-HCl
pH 8.0, 150 mM NaCl, 1 mM MgCl2, 1 mM DTT and 0.05% Tween-20) or assay buffer containing
0.9% DMSO was added in place of the test ligand. A linear 25 to 95 °C temperature gradient was
applied on the samples in an i-Cycler iQ5 real-time PCR (Bio-Rad). Thermal stability curves and
the temperature midpoint Tm for protein-unfolding transitions were analysed using the Bio-Rad
iQ5 software.

Backbone resonance assignment
A 13C,15N, 2H-labeled TrmD was used for backbone data acquisition using the experiment protocol
described previously (Zhang et al. 2016, Gayen, Li and Kang 2012). The following experiments
including 2D-1H-15N-HSQC, transverse relaxation-optimized spectroscopy (TROSY) (Pervushin
et al. 1998, Salzmann et al. 1998)-based 3D- HNCA, HN(CO)CA, HN(CO)CACB, HNCACB,
HNCO, HNCACO and NOESY-TROSY (mixing time 120 ms) were collected and processed for
obtaining the backbone resonance assignment (Li et al. 2016, Kim et al. 2013, Li, Raida and Kang
2010). All NMR experiments were conducted at 37 °C on a Bruker Avance 600 MHz or 700 MHz
spectrometer equipped with a cryoprobe. All spectra were acquired using Topspin (version 2.1).
The data were processed with NMRPipe (Delaglio et al. 1995) and Topspin (version 2.1). The
peak lists were picked and analyzed using NMRView (Johnson 2004) or CARA
(http://wiki.cara.nmr.ch/FrontPage). Secondary structure predictions of the TrmD were carried out
using TALOS+ based on the chemical shifts of the backbone resonances (Shen et al. 2009).

Assignments and data deposition
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The full length PaTrmD could be purified for solution NMR studies. The native PaTrmD protein
contains 252 amino acids and the purified recombinant protein exists as a dimer in solution (Zhong
et al. 2019). 13C,15N, 2H-labeled PaTrmD exhibited detectable cross peaks in the 1H-15N-HSQC
spectrum (Fig. 1), indicating that it is feasible to conduct backbone resonance assignment
experiments. The chemical shifts of the backbone resonances including 13Cα, 15N, 1HN and 13C’
were obtained using TROSY-based hetero-nuclear NMR experiments based on the connectivity
of the Cα and Cβ chemical shifts and help of the TROSY-NOESY experiment. The recombinant
PaTrmD construct used in the current study contains 258 residues including eleven proline amino
acids and a six-histidine tag at the C-terminus. Most cross peaks (223/242) in the 1H-15N-HSQC
spectrum were assigned (Fig. 1). Amino acids that could not be assigned include M1, D2, T38,
F58, K67, L71, G84, Y120, G122, T187, R188, A193, I209, R210, R211, W212, G236 and S252.
Excluding the six histidine residues at the C-terminus, 90% (a total of 227 out of 252) of 13Cα and
84% (a total of 193 out of 229) of 13Cβ were assigned. The 1H-15N-HSQC spectrum from the NTD
(Li et al. 2018) overlaps well with that of the full length PaTrmD (Fig. 2A), which helps
assignment for the complete protein. Some residues exhibited low peak intensities in the 1H-15NHSQC spectrum, which might be due to exchange in the structure. Some cross peaks in the 1H15

N-HSQC spectrum could not be unambiguously assigned, which might be due to multiple

conformations of some residues. The chemical shift assignments for the full length PaTrmD have
been deposited in the BioMagResBank under accession number 27619.
Secondary structures for the assigned residues of PaTrmD were analyzed using TALOS+(Shen
et al. 2009) and TALOS-N (Shen and Bax 2013). The secondary structures obtained are similar to
those derived from X-ray crystallography (PDB accession code: 5WYQ, Fig. 2B) except for some
slight differences. In the X-ray structure, the N-terminal domain of PaTrmD was shown to have
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five β- strands and seven α-helices and the C-terminal domain is formed by several helices (Fig.
2C). Secondary structure prediction reveals that the N-terminal domain of PaTrmD contains five
β-strands including β1 (spanning residues R4-V10), β2 (L35-W40), β3 (K88-L92), β4 (A112A117), and β5 (E134-S137). The six identified α-helices in the N-terminal domain include α1
(spanning residues E15-A19), α2 (I25-K31), α3 (E72-A82), α4 (Q101-A108), α5 (E125-H131),
and α6 (E147-L160) (Fig. 2C). The C-terminal region of PaTrmD contains four helices including
α7 (E199-L201), α8 (R213-G219, W222-R224), α9 (A226-S231), and α10 (E237-R249). The
secondary structures of PaTrmD in solution are similar to those seen in the X-ray structure, except
that in solution, α8 is shorter and R220-T221 are predicted to be unstructured in solution (Fig. 2C).
Missing assignments of residues such as I209-W212 accounted for the short length of α8, which
also suggested that there might be exchange in this region. The linker region between NTD and
the C-terminal region is flexible in the X-ray structure. NMR study suggested that residues in this
region were not structured while some amino acids were more stable than those in the loop of NTD
(Fig. 2C). This might be due to their involvement in protein dimerization in solution. As was
observed for the NTD, the active-site ligands including SAM, SAH, MTA and SFG significantly
enhanced the thermostability of full length PaTrmD by binding to the active site (Fig. 3).
Therefore, the current NMR assignments will enable us to carry out ligand binding studies which
will assist drug discovery efforts.
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Figure Legends

Figure 1. 1H-15N-HSQC spectrum of Pa TrmD. Cross peaks in the spectrum are labelled with
residue name and sequence number.
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Figure 2. Secondary structure of PaTrmD in solution. A. Overlay of the 1H-15N-HSQC spectra of
N-terminal domain (red) and full length PaTrmD (black). B. X-ray structure of the PaTrmD in
complex with SAM. Only one monomer was shown (PDB accession code: 5WYQ). SAM is shown
as ball and sticks. C. The secondary structures of PaTrmD in solution. The secondary structures
and RCI-S2 of assigned residues were obtained using TALOS+ and TALOS-N by analysing the
assigned chemical shifts of backbone resonances. Residues predicted to form α and β structures
are shown with black and purple bars, respectively. The secondary structures of PaTrmD in
solution were compared with those of the crystallographic structure of full-length PaTrmD (PDB
accession code: 5WYQ).
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Figure 3. Thermal shift assay results for full-length PaTrmD. The thermal stabilities of PaTrmD
in the absence and presence of SAM (0.5 mM), SAH (0.5 mM), MTA (0.5 mM) or Sinefungin (1
mM) were measured. The thermal denaturation curves are compared and the shifts in thermal
stability are indicated by dotted lines (A). The Tm values of the PaTrmD and complexes are
summarized (B). Plotted are mean ± SD for the experiment done in duplicate.
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