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Supplementary Fig. 1 | NgLeuRS-substrate complexes. a, Omit maps (grey mesh) of the
ligands in the different solved LeuRS-substrate complexes calculated using Phenix.Polder!. The
reported real-space correlation coefficient (RSCC) of each ligand shows that is well bound in
the active site of NgLeuRS. Two different ATP binding conformations were obtained by co-
crystallization and soaking methods. Omit maps of ligands are countered in a range of 3.5 - 5
c. b, Comparison of the active site conformation of the ligand-free and different substrate-
bound NgLeuRS structures. The protein backbones are shown as ribbon representations,
specific protein residues and substrates are shown as sticks. NgLeuRS, NgLeuRS:Leu,
NgLeuRS-ATP (obtained by co-crystallization), NgLeuRS-ATP-leucinol and NgLeuRS-Leu-
AMP are colored in slate, grey, purple, magenta and green, respectively. The residues with
different rotamers and conformational changes of the KMSKS loop are highlighted. Individual
structures were superposed using residues encompassing the aminoacylation, CP2, Zn2 and

anti-codon binding domains. c, Superposition of the N-terminus of L550-containing o-helix



(residues H*-E*%) in the apo and Leu-bound structures. The H-bonds in the apo structure are
shown as black dashed lines while the H-bond in NgLeuRS-Leu is shown as a yellow dashed
line. d, Comparison of ligand-bound conformations in the active site of the superposed
structures of NgLeuRS:-Leu and NgLeuRS-ATP-leucinol. The magnesium ion is shown as a
grey sphere with surrounding water molecules shown as small red spheres. e, Structural
alignment  of  NgLeuRS-ATP-leucinol  with  Geobacillus  stearothermophilus
TrpRS-ATP-tryptophanamide based on the adenine of ATP. The carbon atoms of ATP, leucinol
and the magnesium ion in the former structure are colored in cyan, salmon and grey,
respectively, while in the TrpRS-ATP-tryptophanamide structure, the corresponding carbon

atoms of ATP, tryptophanamide and magnesium ion are all green.
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Supplementary Fig. 2 | Additional conformational changes observed during NgLeuRS
catalysis. a, Closure of the CP1 hairpin is dependent on a shift of a-helix (M3-N%).
Conformational changes in the vicinity of the CP1 hairpin that are associated with the formation
of the pre-transition state are shown by superposition of NgLeuRS:ATP-leucinol (magenta)
with NgLeuRS-ATP (cyan) structures. The binding of r-leucinol (or Leu) induces a rotamer
switch of Y43 lid residue. This rearrangement is essential in allowing the a-helix (M3-N?) to
move in concert with the CP1 hairpin during formation of the pre-transition state. The protein
structures are shown as cartoon representations while Y43 and N93 are shown as sticks. For
clarity the ligands have been omitted. b, The relaxed position of the priming loop is
incompatible with positioning of the 3’-end of the tRN A" substrate in the aminoacylation site.
Structural superposition of the ternary complex of EcLeuRS-tRNA-LSA (PDB ID: 4AQ7,
magenta) and NgLeuRS (slate). LSA is the abbreviation of leucyl-sulfamoyl adenosine, an non-
hydrolysable analog of Leu-AMP. Once the activated Leu is transferred to tRNAL®, the priming
loop can relax to the original state seen in the apo enzyme as a loss of the interactions with the
amino acid and AMP byproduct. The superposition clearly shows that this relaxed state would
result in steric clashes between the side chains of H547, E546 of the priming loop and A76,
C75, G71 of the tRNA™" and suggests that the priming loop may have a role in the translocation
of the charged tRNA™" from the aminoacylation site to the catalytic region of the editing

domain.
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Supplementary Fig. 3 | Structural comparison of different catalytic states of NgLeuRS
mutants. a, Top, ribbon representation of the superposition of the ternary structure of
NgLeuRS-L550A-ATP-leucinol  (magenta) with NgLeuRS-L550A (slate). Bottom,
superposition of the ternary structure of NgLeuRS-L550A-ATP-leucinol (magenta) with
NgLeuRS-L550A-Leu-AMP (green). In both panels the aminoacylation domain, CP2, Zn2,
ACBD and CTD of the NgLeuRS-L550A-ATP-leucinol structure are additionally shown as a
surface representation. b, Top panels, the relative position of the CP1 hairpin (cartoon backbone
representation) to the L550G-containing a-helix (cartoon and stick representation) in different
catalytic states of NgLeuRS-L550G mutant. Ligands are shown as stick representations while
the magnesium ion is shown as a grey sphere. Bottom, zoom of the G550 region. 2Fo-Fc
electron density maps (grey mesh) are countered at 1.5 . ¢, Left, ribbon representation of the
superposition of the ternary structure NgLeuRS-E169G-ATP-leucinol (magenta) with
NgLeuRS-E169G (slate). Right, superposition of the ternary structure NgLeuRS-
E169G-ATP-leucinol (magenta) with NgLeuRS-E169G-Leu-AMP (green). In both panels, the
aminoacylation domain, CP2, Zn2, ACBD and CTD of the NgLeuRS-E169G-ATP-leucinol

structure are additionally shown as a surface representation.
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Supplementary Fig. 4 | Kinetic studies of the effect of active site mutations on the LeuRS
catalysis. The first two columns show the measurements of the Leu activation step where either
the Leu concentration is fixed at 1 mM (left) or the ATP is fixed at 25 mM (middle). The last
column shows the measurements of Leu transfer step. For all NgLeuRS constructs and the
EcLeuRS-M536G mutant, experiments were performed in triplicate with error bars shown. For
the WT EcLeuRS the transfer experiment was only performed once, but has being extensively
characterized previously, yielding similar results®*. All data for these plots are provided in the
Supplementary Data 2 file.
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Supplementary Fig. 5 | Structural and sequence conservation of LeuRS. a, Sequence

alignment of LeuRSs from different species. Residues showing greater than 40% conservation
are highlighted whereby the shading corresponds to the sequence identity. The equivalent
residues corresponding to E169, R178, W223, L550 and Y554 in NgLeuRS are highly
conserved and shown in red boxes. In archaeal and eukaryotic cytosolic LeuRSs the editing
domain is found inserted in the middle of CP1 hairpin primary sequence, and for simplicity is

represented as a black filled box in the alignment. The secondary structure of the NgLeuRS is
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mapped onto the alignment, where the orange cylinder represents an a-helix and the orange
arrows represent a fB-strand. b, Sequence conservation of the essential elements that stabilize
the fully closed pre-transition state of bacterial LeuRSs. The protein backbone is shown as a
cartoon representation while important residues and the ATP substrate are shown as sticks. For
clarity L-leucinol and the catalytic magnesium ion are not shown. Essential conserved sequence
elements are represented as a WebLogo* and are mapped onto the structure according to the

box outline.
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