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Supplementary Material and Methods  
 
 
Strain construction, DNA manipulations, and general protein techniques. 
Genetic techniques for the construction of strains were performed as described 
previously (1). The substitution of the mnmE wild-type allele by mutant alleles 
on the E. coli chromosome was initially performed by homologous 
recombination between linearized plasmids (derived from pIC914) containing 
the mnmE mutant alleles and the chromosome of strain IC3647. P1 stocks 
grown on the IC3647 derivatives thus obtained were then used to transfer the 
mnmE mutant alleles to the desired strains. For DNA manipulations, standard 
procedures were followed. Derivatives from plasmids pIC684, pIC758, pIC1325, 
and pIC1335 were obtained by site-directed oligonucleotide mutagenesis with 
appropriated PCR primers. All constructs were verified by DNA sequencing.  

Expression and purification of GST-MnmE proteins (wild-type and variants) 
and the GST−G-domain of MnmE were performed in E. coli strain DEV16 as 
described (2). Overproduction of His−∆N-MnmE was done in strain BL21DE3 
growing overnight at 20ºC in rich medium with 0.5 mM isopropyl-1-thio-β-D-
galactopyranoside. Cells were harvested by centrifugation and resuspended in 
lysis buffer: 50 mM Tris pH 7.5, 300 mM NaCl, 5 mM MgCl2, 5 mM β-
mercaptoethanol, 20 mM imidazole, and 0.15 mM protease inhibitor 
phenylmethylsulphonyl fluoride. After sonication, samples were centrifuged at 
35,000 ×g for 30 min and the supernatant applied to a Ni-NTA column. The 
column was washed with lysis buffer and the protein eluted with the same buffer 
containing 250 mM imidazole. Fractions were concentrated and purified by gel 
filtration on a Superdex™75HR10/30 (50 mM Tris pH 7.5, 150 mM KCl, and 5 
mM MgCl2). Preparation of nucleotide-free proteins was performed as 
previously described (3) except that MnmE constructs were finally purified by 
gel filtration and the resulting aliquots were concentrated in buffer A (50 mM 
Tris pH 7.5, 150 mM KCl, and 5 mM MgCl2). 
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Supplementary Figure Legends 

 

Figure S1. Comparision of the MnmE GTPase cycle using mGTP and 
mGTPγS as a substrate. (A, B) Stopped-flow kinetic plots of mGTP binding 
and G-domain dimerization during the first 0.5 s, in A, and G-domain 
dissociation during 200 s, in B. (C, D) Stopped-flow traces of mGTPγS binding 
and G-domain dimerization during the first 0.5 s, in C, and G-domain 
dissociation during 200 s, in D. 

 

Figure S2. GDP-GTP exchange kinetics for MnmE. Representative traces of 
mGDP dissociation from MnmE determined by stopped-flow FRET. MnmE was 
mixed with mGTP and FRET from tryptophans of MnmE to the mant group was 
followed in real time after addition of unlabeled competitor GTP at the indicated 
concentrations.   

 

Figure S3. Inhibition by GDP and Pi of the MnmE GTPase cycle. A solution 

of MnmE (5 M) containing the indicated concentrations of GDP (panel A) or Pi 
(panel B) was rapidly mixed in a 1:1 proportion with mGTP (5 μM) in a stopped-
flow apparatus and the mant fluorescence emission was followed in real time. 
The fluorescence decay expected if inhibition by Pi at 10 mM were 75% is 
shown in pale blue in panel B. Only a representative trace of each experiment is 
shown, but each experiment was repeated three times. All experiments were 
performed in the presence of KCl except a control where KCl was substituted by 
NaCl (gray line).  

 

Figure S4. Fast kinetic analysis of the MnmE GTPase cycle in presence of 
high ionic strength. (A) A stopped-flow representative trace of mGTP binding 
and G-domain dimerization during the first 0.5 s. (B) G-domain dissociation 
representative trace followed by stopped-flow during 10 s. 

 

Figure S5. High performance liquid chromatography analysis of the tRNA 
modification activity displayed by MnmE variants. Representative 
chromatograms of tRNA hydrolysates prepared from wild-type and mnmE 
mutants. The nucleosides were monitored at 314 nm to maximize the detection 
of thiolated nucleosides. mnm5s2U (the final product of the MnmE pathway), s2U 
(a partial modification of the wobble uridine, U34, if the MnmE pathway is 
impaired) and s4U (a nucleoside independent of the MnmE pathway and used 
herein as a reference) were identified by comparing UV spectra with published 
spectra (4) and appropriate controls. AU, absorbance units.  
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Figure S6. Pi inhibition of the MnmE variants T250S and G285A. A solution 
of the MnmE variant (5 μM) containing different Pi concentrations (0, 0.5, 2, 5, 
or 10 mM) was mixed in a 1:1 proportion with mGTP (at 5, 10 or 15 μM) in the 
stopped-flow instrument and the G-domain dissociation kinetics was determined 
by the fluorescence change over time and fitting of the data to a single 
exponential. Values are the average of a minimum of three independent 

experiments. Standard deviations were around 10%. Dixon plot of T250S (A) 
and G285A (B). [GTP]/Vo against [Pi] representation of T250S (C) and G285A 
(D). The intersection point of lines in the Dixon plot provides the inhibition 
constant (KIE) of the enzyme for the inhibitor, while the intersection point in the 
[GTP]/Vo vs [Pi] representation provides the inhibition constant of the enzyme-
substrate complex (KIES) for the inhibitor. 

 

Figure S7. Active conformational state of the MnmEG complex. Proposed 
model for the functional activation of the MnmEG complex during the GTPase 
cycle of MnmE. The two monomers of the dimeric MnmE and MnmG proteins 
are shown in purple/blue and in pale-gray/yellow, respectively. GTP-binding, G-
domain dimerization and GTP-hydrolysis are non-functional states (‘OFF’ 
states) of MnmE whereas G-domain dissociation represents the ‘ON’ state 
because it promotes the conformational changes (black arrows) that are 
required for the MnmE biological function, i.e., the tRNA modification. The G-
domain dissociation triggers structural rearrangements in the complex which are 
transmitted from the G-domain of MnmE to MnmG promoting the assembly of 
the MnmEG catalytic center. This involves the approaching of the THF-binding 
site of MnmE and the FAD-binding site of MnmG. Release of modified tRNA 
disassembles the MnmEG active center. The GTPase reaction products, GDP 
and Pi, work as negative regulators of the GTPase cycle and, therefore, of the 
MnmEG function. Conformational changes promoted by the binding of 
unmodified tRNA trigger the release of GDP and Pi while allowing the entry of 
GTP and the start of a new cycle.  
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Supplementary Tables 

 

Table S1. Affinity of wt and variant MnmE proteins for mGTPS and mGTP. 
      

              KD (μM) 

         
 mGTPγS mGTP 

         wt 1.64 ± 0.02 0.60 ± 0.03  

         T250S 1.34 ± 0.12 nd 

         T251A 1.58 ± 0.03 nd 

         R252A 1.97 ± 0.27 nd 

         D253A 2.35 ± 0.13 nd 

         R256A 1.49 ± 0.12 0.59 ± 0.04  

         L274G 1.29 ± 0.06 nd 

         L274A 1.22 ± 0.04 nd 

         L274Q 1.44 ± 0.09 nd 

         R275A 1.33 ± 0.09 nd 

 
 

       E282A 1.14 ± 0.04 0.54 ± 0.04  

         G285A 2.52 ± 0.11 nd 

         G285I 1.87 ± 0.20 nd 

         R288A 1.27 ± 0.20 nd 

         

            KD for mGTPγS was determined under equilibrium conditions. KD for mGTP was derived 
 from kinetic data (pre-equilibrium binding conditions). nd, not done.  
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Table S2. E. coli strains and plasmids used in this study. 
 
Strain or 
plasmid

 Description 
Origin and/or 
reference 

E.coli strain 
  

BL21(DE3) 
 

Novagen 

DEV16 
 
thi-1 rel-1 spoT1 lacZ105UAG mnmE192UAG  

[MnmE Q192X, Val
R
] 

(5) 

MG1655 
 

D. Touati 

IC3647 recBC sbcBC (IC718) (6) 

IC4639 DEV16 mnmE
+
 bgl (7) 

IC4770 DEV16 mnmE
+ 
kan

R
* (6) 

IC4848 DEV16 mnmE::kan (6) 
IC4864 IC4639 mnmER252A kan

R
* (6) 

IC4865 IC4639 mnmER275A kan
R
* (6) 

IC5357 MG1655 mnmE
+ 
kan

R
* (6) 

IC5358 MG1655 mnmE::kan (6) 
IC5360 MG1655 mnmER288A kan

R
* (6) 

IC5361 MG1655 mnmET250S kan
R
* (6) 

IC5363 MG1655 mnmEE282A kan
R
* This work 

IC5423 MG1655 mnmEL274A kan
R
* This work 

IC5365 MG1655 mnmEL274Q kan
R
* This work 

IC4907 IC4639 mnmET251A kan
R
* (6) 

IC4956 IC4639 mnmED253A kan
R
* (6) 

IC5019 IC4639 mnmER288A kan
R
* (6) 

IC5058 IC4639 mnmET250S kan
R
* (6) 

IC5113 IC4639 mnmER256A kan
R
* (6) 

IC5366 IC4639 mnmEE282A kan
R
* This work 

IC6031 BL21(DE3) mnmE::kan This work 
IC6597 MG1655 mnmE::kan containing pIC1657 This work 
IC6598 BL21(DE3) mnmE::kan containing pIC1658 This work 
IC6599 BL21(DE3) mnmE::kan containing pIC1659 This work 
Plasmids 

  
pIC684 GST fusion of MnmE (cloned in pGEX-2T) (2) 

pIC758 
 
GST fusion of MnmE G-domain (cloned in  
pGEX-2T) 

(2) 

pIC914 Plasmid containing the mnmE-tnaA region* (6) 
pIC938 pIC684 derivative containing mnmER275A (6) 
pIC939 pIC684 derivative containing mnmER252A (6) 
pIC1003 pIC684 derivative containing mnmET251A (6) 
pIC1013 pIC684 derivative containing mnmED253A (6) 
pIC1050 pIC684 derivative containing mnmER288A (6) 
pIC1059 pIC684 derivative containing mnmET250S (6) 
pIC1072 pIC684 derivative containing mnmER256A (6) 
pIC1090 pIC684 derivative containing mnmEL274A This work 
pIC1325 His fusion of MnmE (cloned in pET15b) This work 
pIC1335 His fusion of ∆N-MnmE (cloned in pET15b) This work 
pIC1657 pIC684 derivative containing mnmEG285A This work 
pIC1658 pIC1325 derivative containing mnmEG285I This work 
pIC1659 pIC1325 derivative containing mnmEL274G This work 

 
* KanR determinant is inserted into tnaA (gene next to mnmE). 
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