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Class Enzyme K (LM) Keat (s) keao/ K (M1572) Ref
A KPC-2 > 500 >0.03 5 x10? !
KPC-33 3 0.006 2 x103 !
KPC-3 > 500 >0.13 2.5 x10? 1
KPC-31 12 0.008 6.6 x10? !
PER-1 7.6x10% 2
PER-2 7.2x104 2
CMY-185 3x104 3
B ViM-2 248 1.1 4.4x103 This work
IMP-1 302 1.25 4.1x103 This work
NDM-1 429 84.2 1.96x10° This work
NDM-5 405 78.2 1.93x10° This work
NDM-1 161 11 0.7x10° 4
NDM-9 53 7 1.3x10° 4
VIM-1 295 1.17 4.0x103 >
VIM-24 5.0x103 6
L1 510 12 2.4x10% 7
AmpC 533 0.08 1.5x10? 8
C AmpCEnt38> 49.8 0.14 2.8x103 8
D OXA-23 4,800 -- -- 7

Table S1. Comparison of catalytic parameters of FDC hydrolysis by different B-lactamases.
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Figure S1. Docking simulations of FDC in the active sites of (A) NDM-1, (B) VIM-2 and (C) IMP-
1. Carbon atoms of FDC are colored in orange, loop L3 in the protein in cyan, loop L10 loop in
magenta, and the rest of the protein in green. Several productive docking poses were obtained
for NDM-1 and VIM-2. All poses were superimposed in the cavity of the active site showing
that FDC can explore many conformations. In IMP-1 only one productive pose was obtained
indicating a more restrictive active site. The lowest energy poses are shown for clarity. FDC-
protein interactions in (D) NDM-1, (E) VIM-2 and (F) IMP-1. Carbon atoms of FDC are colored
in orange while those of each protein are colored in cyan. Hydrogen bonds are shown as



dotted lines and interactions with residue backbones are denoted with (BB). To better
illustrate the interactions, we only show the productive pose with the lowest energy.
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Figure S2. (A) UV difference spectra of ceftazidime with NDM-1, IMP-1, or VIM-2 in a 200:1 S:E
ratio for 96 seconds. (B) UV difference spectra of cefiderocol with NDM-1, IMP-1, or VIM-2 in

a 200:1 S:E ratio for 96 seconds.



Figure S3. NMR Spectra of FDC and hydrolysis product P1
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Fig S3A. 'H NMR spectra of FDC containing excipients (sucrose and p-toluensulfonic acid)

recorded at 700 MHz in HEPES 50 mM pH 7.5 + 10% D,0.
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Fig S3B: *H-RMN of purified FDC in D,0 recorded at 400 MHz.
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Fig S3C. H-RMN of FDC (5 mM) hydrolyzed by NDM-1 (25 uM) with sucrose and p-
toluensulfonic acid in HEPES 50 mM pH 7.5 + 10% D,0 (700 MHz).
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Fig S3D. Comparison of *H-RMN of enzymatic hydrolysis of FDC (5 mM) by MBL: NDM-1 (20
UM) in blue, VIM-2 (20 pM) in green and IMP-1 (20 uM) in red, showing a common hydrolysis
product (P,).
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Fig S3E: *H-RMN of alkaline hydrolysis of FDC (1.2 mM) in its matrix with sucrose and p-
toluensulfonic acid in NaOH 5 mM pH 11.6 + 10% D,0 (700 MHz). (*) A minor epimer is noted
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Fig S3F. H, 13C, HSQC of hydrolyzed FDC in its matrix with sucrose and p-toluensulfonic acid
in NaOH 5 mM pH 11.6 + 10% D,0 (700 MHz).
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Fig S3G. H, 13C, HMBC of hydrolyzed FDC in its matrix with sucrose and p-toluensulfonic acid
in NaOH 5 mM pH 11.6 + 10% D,0 (700 MHz).
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Figure S4. QM/MM simulation of the nucleophilic attack for FDC hydrolysis by NDM-1, VIM-2
and IMP-1. The nucleophilic attack was forced by a harmonic potential to drive the distance
between the oxygen atom of the Zn bound hydroxide and the carbon atom of the carbonyl
group of the B-lactam ring (shown in blue) to a distance of 1.25 A. The spontaneous cleavage
of the C-N bond in the B-lactam ring is shown in orange, and the lengthening of the C-N bond
between the leaving R2 group is shown in green.
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Figure S5. Proposed mechanism for the alkaline-driven P1 epimerization.
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Figure S6. NMR Spectra of CAZ and hydrolysis product P1
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Fig S6A. Comparison of the *H-RMN spectra of the alkaline hydrolysis product of FDC (1.2
mM in NaOH pH 11.6) in green and CAZ (60 mM in NaOH pH 12) in red, showing a common
hydrolysis product.
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Fig S6B. 'H, 3C HSQC of hydrolyzed CAZ (60 mM) in NaOH 267 mM pH 12 + 10% D,O (400
MHz). (*) A minor epimer is noted.
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Figure S7. Time frames needed for complete hydrolysis of ceftazidime (A, B and C) and
cefiderocol (D, E and F) hydrolysis by NDM-1 (A and D), VIM-2 (B and E) and IMP-1 (C and
F). Substrate concentrations were 200 UM and 10 uM of each enzyme in the measurement
cell, in buffer HEPES 10 mM, NaCl 200 mM, pH=7.5 supplemented with 20 uM ZnSO4.
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Figure S8. Substrate binding followed by Trp fluorescence. Binding of CAZ or FDC to NDM-
1 (A and D), VIM-2 (B and E) and IMP-1 (C and F) were recorded at logarithmic (A, B and C)
or shorter time scales (D, E and F). Binding of CAZ is clearly observable in either scale as
fluorescence decays due quenching. Upon complete hydrolysis, intrinsic Trp fluorescence is
fully recovered in the free enzyme. In the case of FDC, binding occurs very fast in all cases
as initial fluorescence decay occurs in dead time. The slight recovery of Trp fluorescence is
first seen for NDM-1 (A) at 1 second but this behavior takes 10-fold and 30-fold time for
VIM-2 (B) and IMP-1 (C), respectively.

14



24,719.9 Da

NDM-1 only

* 25,205.4 Da
(+ 485.5 Da)

NDM-1 + Cefiderocol
(1:500)
5 min

Y

25,205.3 Da
(+ 485.4 Da)

NDM-1 + Cefiderocol
(1:500)
10 sec

25,205.2 Da
(+ 485.3 Da)
NDM-1 + Cefiderocol
(1:500)
1hr

125,205.3 Da
(+485.4 Da)

NDM-1 + Cefiderocol
(1:500)

l . 1 min

BN || | P e

NDM-1 + Cefiderocol
(1:500)
24 hr

Figure S9. Timed ESI-MS spectra of NDM-1 and cefiderocol (1:500 molar ratio of enzyme-
cefiderocol) at timepoints 10 seconds, 1 minute, 5 minutes, 1 hour, and 24 hours.
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Figure S10. Timed ESI-MS spectra of apo-NDM-1 enzyme with cefiderocol (1:500 molar ratio of
enzyme-cefiderocol) at timepoints 10 seconds, 1 minute, 5 minutes, 1 hour, and 24 hours.
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Figure S11. Timed ESI-MS spectra of VIM-2 (A) and IMP-1 (B) with cefiderocol (1:500 molar
ratio of enzyme-cefiderocol) at timepoints 10 seconds, 1 minute, 5 minutes, and 1 hour.
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Figure S12. ESI-MS spectra of NDM-1 only (A), NDM-1 + cefiderocol (1:500) 5 min followed by
addition of 1% acetonitrile (B), NDM-1 + cefiderocol (1:500) 5 min followed by addition of 1%
acetonitrile and 10 mM B-mercaptoethanol (C), NDM-1 + cefiderocol (1:500) 5 min followed by
addition of 1% acetonitrile and 5 mM TCEP (D). Addition of reducing agents resulted in loss of
the +485 Da adduct.
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Figure S14. 'H-1N HSQC spectrum of free NDM-1 (300 uM) (black) and bound to P1 (cyan) in
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