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Section S1 Experimental data 

Table SI-1. Rate constants kcat obtained in the steady-state Michaelis-Menten conditions. 
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Section S2 Atomic Charges 

The atomic charges were calculated from atomic electron populations determined by the electron 

density integration the over the zero-flux QTAIM atomic basins. The charge on the oxygen atom of 

the aspartic acid becomes less negative upon O-H covalent bond cleavage during the limiting step. 

Contrary, the atomic charge becomes more negative on the Os atom upon Os-H bond formation in 

the transition state. Elongation of the coordination bond between Ns and Zn
2+

 during the limiting 

step results in the decrease of the absolute values of charges on both nitrogen atom and zinc cation. 

The charge on the transferring hydrogen atom becomes smaller upon formation of the transition 

state. Neither individual atomic charges at the stationary points nor their differences between the 

transition state and preceding intermediate demonstrate dependencies on the observed rate constants 

kcat. Thus, these quantities cannot be utilized to quantify reactivity of the substrates. 
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Figure S1. The QTAIM atomic charges in TS (grey squares) and Int (red circles) geometry 

configurations. The right bottom graph depicts the charge difference between the Int and TS 

stationary points of PES. The horizontal axis shows the experimental catalytic constants kcat of the 

considered systems. 
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Section S3 Electron density based descriptors at Int and TS stationary points  

 

Figure S2. Descriptors of the Ns…H interactions at BCP-TS1 in TS geometry configuration vs 

experimental kcat values. The dark red line demonstrates the linear trend, lilac and light lilac areas 

correspond to the 95% confidence and prediction bands, respectively. 
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Figure S3. The interatomic distances, electron densities and Laplacians of electron densities 

calculated at BCP-TS2 and BCP-TS3 in TS geometry configurations plotted versus the experimental 

kcat values of the respective model systems. 
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Figure S4. The interatomic distances, electron densities and Laplacians of electron densities 

calculated at BCP-I1 and BCP-I2 in the Int geometry configurations plotted versus the experimental 

kcat values of the respective model systems. 
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Figure S5. The Laplacian of electron density, 
2(r), for the Os-H...Ns fragment in the transition 

state geometry configurations of the ML complexes with cefuroxime (a,c) or cefsulodin (b,d). The 

upper panel shows the 3D structure of the fragment of the active site and the 
2(r)=-1.850 

isosurface. Bond critical points (BCPs) are magenta balls and bond paths connecting interacting 

atoms are shown in magenta dotted lines (a,b) or black dashed lines (c,d). Carbon, nitrogen, oxygen, 

hydrogen, sulfur and zinc atoms are colored in green, blue, red, white, yellow and light blue, 

respectively. The lower panels demonstrate cross sections of the surface formed by Os, H and Ns 

atoms of the systems in upper panel. The contour lines correspond to the 
2(r) values of (1;5)∙10

n
, 

-2≤n≤2. Positive contour lines (electron density depletion) are shown in dashed blue and negative 

ones (electron density concentration) are in solid red. Pink dashed contour lines denote the 
2(r) 

values in BCP-TS1 of the corresponding systems: 0.083 for cefuroxime and 0.103 for cefsulodin. 

The areas of 
2(r) < -1.850 inside the yellow region in upper panel is highlighted in yellow in 

lower panel. The values are given in a.u. 
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Figure S6. Dependences between the atomic contributions of electron density to BCP-TS1 and 

experimental kcat values. The dark red line demonstrates the linear trend, lilac and light lilac areas 

correspond to the 95% confidence and prediction bands, respectively. 
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