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Supplementary Text 
 
Collision induced fragmentation of AP-MALDI molecular ion analysis 
 
For both compounds, the molecular ion ([M+H]+) was isolated in the ion trap and collided with Argon 
gas of certain energy (MS/MS). The [M-86+H]+ species —m/z 265.08 and 298.08 Da for biapenem and 
tebipenem, respectively— were by far the major detected fragment from collision-induced 
decomposition (Fig. S2d-e). These fragments are facile retro [2+2] cleavage of the β-lactam ring of the 
carbapenems. At low collision energies, the relative intensities of [M-86+H]+ species were similar for 
both compounds, indicating that the structurally homologous biapenem and tebipenem carbapenems 
share a common fragmentation pathway that has the lowest energy threshold for collision-induced 
fragmentation. However, in the AP-MALDI experiments, this fragment has similar signal intensity for the 
tebipenem sample, but is not detected in the biapenem sample (Fig. S2b-c). Therefore, we can 
conclude that the [M-86+H]+ species detected in AP-MALDI of the tebipenem sample may be not a 
result of ligand fragmentation during the AP-MALDI experiment, but an impurity already present in the 
sample itself.  None of the impurities detected correspond to any of the masses observed in the crystal 
forms.  
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Figure Captions 

 

Figure S1 |  Views of  the electron density associated with the active site and refined models. 
Simulated annealing omit map density corresponding to the observed adduct. (a) Stereo view from the 
inner cavity of the LdtMt2-biapenem crystal, the electron density map (blue) omitting the MTOA 
(magenta) was calculated using the program Phenix after a refinement cycle including torsional 
simulated annealing step with MTOA omitted (occupancy 0.0). (b) Stereo view from the outer cavity of 
the LdtMt2-tebipenem, omit electron density is shown colored in orange. The omit maps were contoured 
a 3.5 σ. (c) Stereo view of the refined density at the binding site of the apo-LdtMT2. The observed 
glycerol molecule  (magenta) and 2DFo-mFc sigmaA-weighted electron density map (blue) contoured 
at 1 σ at the outer cavity site are shown. (d) The accessible surface of the inner cavity showing the 
electron density (2mFo-DFc map colored in pink and contoured at 0.9 sigmas) around the hydroxyethyl 
remnant (orange) the MTOA and residues in the active site (cyan). (e) Overlay of the catalytic site of 
apo-LdtMt2 (green) and LdtMt2-biapenem adduct crystal structures (cyan). Only one atom of MTOA 
adduct (cyan) overlap with other of the glycerol  molecule (green). The distance from the glycerol 
nearest atom to Cys354  sulfur atom is marked with a blue dashed line line. 

 

Figure S2 | Atmosphere pressure MALDI  analysis of carbapenem reagent used (a) 10 µM 
biapenem AP-MALDI, (b) 13 µM, tebipenem AP-MALDI, (c) Matrix CHOCH 1 mg/ml, (d) MS/MS of 
molecular ion of biapenem and (e) MS/MS of molecular ion of tebipenem.  

 

Figure S3 | UPLC-HRMS (ESI) of Inhibited LdtMT2 species   Intact protein masses as calculated from 
m/z data for:(a1) – native LdtMT2, (b1) – LdtMt2 inhibited with biapenem, (c1) – LdtMt2 inhibited with 
tebipenem.  The greyed area is the range of masses examined in processing. (a2), (b2) and (c2) 
represent the total ion chromatograms of the injected samples examined in a, b and c respectively.  
The greyed area is the selected window of retention for data processing. 

 

Figure S4 | MALDI TOF of the reaction time course  (a) Apo LdtMt2, (b) after reacting with biapenem 
for 15 min and (c) after 40 min at RT. Mass spectra after reacting with tebipenem for (d) 40 min at RT 
and (e) after 24 h at 4 oC. A larger m/z observed for the apo-LdtMt2 (38198 Da) than the mass/z 
expected (38085 Da) is caused for the formation of Na adducts (100 mM of NaCl is used in the reaction 
buffer for protein stability). The theoretical average mass including amino acids from the TEV cleavage 
site and linker of 38085 Da was calculated using the ExPASy mass calculator server 
(http://web.expasy.org/compute_pi/). 
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Figure S1a, b, and c 
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Figure S1d 



Figure S1e 
  



 

 
 
 

Figure S2a,b 
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Figure S2c,d  
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Figure S2e  
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Figure S3 (a1-2, b1-2,c1-2) 
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Figure S4  (cont.) 
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