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Protein expression, purification and crystallization
MtbIMPDH2CBS protein was expressed and purified for functional and crystallographic studies following a previously described procedure [1,2]. The protein was appended to an N-terminal His6-tag and purified using nickel(II) affinity chromatography (IMAC). The His-tag was subsequently removed with TEV protease and the His-tag-free protein was additionally purified using a subtractive IMAC to remove the released tag and uncut protein. 
Crystallization screening was set-up with the help of a Mosquito liquid dispenser (TTP LabTech) using the sitting-drop, vapor-diffusion method in 96-well CrystalQuick plates (Greiner Bio-One). For co-crystallization trials, ligands were used at a 4–10 fold molar excess over protein concentration. For each condition, 0.4 μl protein solution and 0.4 μl crystallization formulation were mixed and the mixture was equilibrated against a 135 μl reservoir. INDEX, SaltRx, and four MCSG crystallization screens were used. Diffraction quality crystals typically appeared within 2–7 days. Crystals of MtbIMPDH2CBS•XMP•NAD+ were obtained by soaking crystals containing the MtbIMPDH2CBS•IMP complex with a 200 mM aqueous NAD+ solution for 12 hours at 16C, followed by cryo-protection. Crystallization conditions are listed in Table 4. 

Data collection
Prior to flash-cooling in liquid nitrogen, all crystals were cryoprotected in an appropriate cryoprotectant solution. The crystals were mounted on Litholoops (Molecular Dimensions, Apopka, FL). All X-ray diffraction experiments were performed at the Structural Biology Center 19-ID beamline at the Advanced Photon Source, Argonne National Laboratory [3]. The HKL3000 suite [4] was used to process, merge, and scale. The processing and scaling statistics are given in Table 4. 

Structure solution and refinement
[bookmark: _GoBack]All diffraction data were collected at 100 K. The single wavelength data at 0.97915 Å up to 1.69 Å were collected from a single crystal of MtIMPDH2CBS. The crystal was exposed for 3 s per degree rotation of ω for total 220º with the crystal to detector distance of 230 mm. The single wavelength (0.97899 Å) data for the crystals of the inhibitor complexes were collected using similar protocols. For MtIMPDH2CBS•XMP•NAD+ complex, the data were collected to 1.60 Å, 3 s exposure/deg for 144º with the distance of 230 mm 0.9792 Å. For MAD1, the data were collected to 1.89 Å, 3 s exposure/deg for 110º with the distance of 310 mm; for P41, to 2.0 Å, 3 s exposure/deg for 120º with the distance of 300 mm, and finally for Q67, to 1.76 Å, 3 s exposure/deg for 110º with the distance of 260 mm. All data were recorded on a CCD detector ADSC Q315r. The SBC-Collect program was used for all data collection. Data collection strategy, integration, and scaling were performed with the HKL3000 program package [4]. Summary of the crystallographic data can be found in Table 4.
The structure of the apo form of MtIMPDH2CBS was determined by molecular replacement with HKL3000 (Molrep/refmac) using chain A of the CBS mutant of Clostridium perfringens IMPDH (PDB ID 4Q32; 2.79 Å) [2] as a search model after any ligands and water molecules were removed. Rigid-body refinement was done at 3.0 Å and the initial refinement was done at 1.70 Å as part of HKL3000 molecular replacement procedure [4]. The initial model contained 4 copies of the search model. Extensive manual model building with coot [5] and the subsequent refinement using phenix.refine [6] was performed against the full data set up to 1.70 Å until the structure converged to the R factor (Rwork) of 0.155, and Rfree of 0.182 with the r.m.s.d. for bond distances of 0.010 and the r.m.s.d. for bond angles of 1.277°. The asymmetric unit of the triclinic space group P1 was composed of four protein chains, A, B, C and D as a functional tetrameric unit. The protein construct MtIMPDH2CBS used in this study contained residues 1-125 and 253-528 with GG linker inserted in place of the CBS domain (E126-R252). The numbering of residues in the protein residues followed the original protein sequence to avoid the confusion. The GG linker was well ordered and visible in all chains. A number of C-terminal as well as several N- terminal residues that had been introduced as a cloning artifact (SNA) [7] were missing due to disorder. Chain A was comprised of residues 27-528, chain B included residues 27-528, chain C contained residues 26-528 and chain D was comprised of residues 27-528. In addition, several residues within the active site flap were disordered and were not modeled. These included residues 432-451 in all four chains. The final model also contained four potassium ions (one per chain), four phosphate molecules, 799 ordered water molecules and 23 other small molecules such as 1,2-propanediol and glycerol that were used in the purification and crystallization.
	The structures of MtIMPDH2CBS complexes with XMP and NAD+ and inhibitors were determined by molecular replacement using chain A of the structure of the apo-form of MtIMPDHCBS. In each complex, the presence of XMP/NAD+ or IMP and an inhibitor in the active site was apparent from the initial electron density map (Fo) calculated without any ligand molecule. Extensive manual model building with coot [5] and the subsequent refinement using phenix.refine [6] was performed against the full data set up to the full resolution until each structure converged. The final Rwork and Rfree for the MtIMPDH2CBS•XMP•NAD+ complex were 0.160 and 0.191, respectively, and r.m.s.d. for bonds and angles were 0.009 and 1.325, respectively and for MAD1, Rwork and Rfree were 0.148 and 0.189, respectively, and r.m.s.d. for bonds and angles were 0.006 and 1.192, respectively. For P41, Rwork was 0.174 and Rfree was 0.222, and r.m.s.d. for bonds and angles were 0.012 and 1.507, respectively. Finally, for Q67, Rwork and Rfree were 0.153 and 0.179, and r.m.s.d. for bonds and angles were 0.007 and 1.160, respectively. The detailed refinement statistics for all structures are shown in Table 4.
	All IMPDH-inhibitor complexes and the XMP/NAD+ complex were crystallized into the body-centered tetragonal space group I4 and the asymmetric unit contained only one chain of a 4-fold symmetric tetramer. Several N- and C-terminal residues were missing due to disorder in all inhibitor complexes. The MtIMPDH2CBS•XMP•NAD+ complex contained residues 28-509. Complex with MAD1 was comprised of residues 28-528, complex with P41 included residues 28-525, and the complex with Q67 contained residues 28-527. In all structures several residues within the active site flap were disordered and were not modeled. These included residues 431-454 for the XMP/NAD+ complex, 432-453 for MAD1, 432-454 for P41, and 433-453 for Q67. The GG linker that replaced the CBS domain (residues 126-252) was well visible in all inhibitor complexes. The final models also included one IMP molecule and one molecule of the appropriate inhibitor (one XMP and one NAD+ molecule for the XMP/NAD+ complex), as well as solvent molecules. Thus, there were 161 ordered water molecules for the XMP/NAD+ complex, 112 water molecules for P41, while complexes with MAD1 and Q67 contained 169 and 188 water molecules, respectively. Structures of P41 and Q67 also included one potassium ion, one glycerol molecule and one 1,2-propanediol molecule that were most likely derived from purification and/or crystallization buffers. 
The stereochemistry of the structure was checked with PROCHECK [8] and the Ramachandran plot. Atomic coordinates and experimental structure factors of the structures have been deposited in the PDB under the ID codes, 4ZQM for MtIMPDH2CBS•XMP•NAD+, 4ZQP for MAD1, 4ZQN for P41, and 4ZQO for Q67, and 4ZQR for the apo structure.


Steady state kinetics
The steady state kinetics parameters of MtbIMPDH2ΔCBS were obtained by measuring initial velocities at varying concentrations of IMP and NAD+ by monitoring the production of NADH in absorbance at 340 nm (ε = 6.22 mM-1•cm-1) using Hitachi U-2000 or Cary 100 Bio spectrophotometer. All the measurements were done in the assay buffer (50 mM Tris, 150 mM KCl, 1 mM DTT, pH 8.0) at 25°C with 125 nM enzyme in a total of 1 ml volume in 1 cm pathlength cuvettes. The value of Km•IMP was obtained by fitting the initial velocities measured at the fixed concentration of NAD+ (3 mM) and varying concentrations of IMP (2 to 1500 μM) into the Michaelis-Menton equation (1):

v = Vmax•[S] / (Km+[S])				(1)

Similarly, the values of Km•NAD and Kii•NAD were determined by measuring the initial velocities at fixed concentration of IMP (1 mM) and varying concentrations of NAD+ (0.1 to 10 mM) and fitting into the uncompetitive substrate inhibition equation (2):

v = Vmax / (1 + Km/[S] + [S]/Kii)			(2)

where v is the initial velocity, Vmax is the maximal velocity, [S] is the substrate concentration, Km is the Michaelis constant, and Kii is the intercept inhibition constant. The kcat value is the average of both conditions. All the data fitting was performed with SigmaPlot program.

Enzyme inhibition
The Ki,app values were determined by measuring the initial velocities at varying concentrations of the inhibitors (P41, 1-1000 nM; Q67, 1-10,000 nM; MAD1, 0.01-100,000 nM) with fixed concentrations of IMP (0.5 mM) and NAD+ (1.5 mM). The values of Ki,app were obtained using the equations (3) and (4)

vi = v0 / (1+ [I]/ IC50)		(3)
Ki,app = IC50 – [E]/2		(4)

where vi is the initial velocity with inhibitor I present at the concentration [I], and v0 is the initial velocity in the absence of the inhibitor. If the IC50 value is comparable to the enzyme concentration, the Morrison tight binding equation was used to determine Ki,app (5)

vi/v0 = 1-(([E] + [I] +Ki,app) - (([E] + [I] + Ki,app)2 - 4[E][I])0.5)/(2[E]) 	(5)
where [E] is the concentration of the enzyme. All the initial velocity measurements were performed in triplicates. The Ki,app values reported are the average of three independent experiments unless otherwise noted.
	
The mechanism of inhibition was determined by varying inhibitor and substrate concentrations at fixed concentrations of the other substrate. Data were fit to equations describing competitive, uncompetitive and noncompetitive inhibition mechanisms (Equation 6-8) using SigmaPlot program (SPSS, Inc.):

Competitive inhibition: v = Vm[S]/{Km(1 + [I]/Kis) + [S]}		 		(6)
Uncompetitive inhibition: v = Vm[S]/{Km + [S](1 + [I]/Kii)}			(7)
Noncompetitive inhibition: v = Vm[S]/{Km(1 + [I]/Kis) + [S](1 + [I]/Kii)}		(8)

where Kii and Kis represent the intercept and slope inhibition constants, respectively. The best fits were determined by the relative fit error. The Morrison equation (5) was used to evaluate tight-binding inhibitors. The mechanism of inhibition was evaluated from the substrate dependence of Ki,app (Equations 8-10):
Competitive inhibition: Ki,app = Kis(1 + [S]Km)		 			(9)
Uncompetitive inhibition: Ki,app = Kii(1 + [Km/S])					(10)
Noncompetitive inhibition: Ki,app = ([S] + Km) / {(Km/Kis) + ([S]/Kii)}	 	(11)

Synthesis of inhibitor Q77
	Scheme S1 outlines the synthesis of Q77. Unless otherwise noted, all reagents and solvents were purchased from commercial sources and used without further purification. All reactions were performed under a nitrogen atmosphere in dried glassware unless otherwise noted. All NMR spectra were obtained using a 400 MHz spectrometer and conducted in CDCl3. For 1H NMR reported in  units ppm and are reference to tetramethylsilane (TMS). All chemical shift values are also reported with multiplicity, coupling constants and proton count. For 13C NMR reported in  units ppm and are reference to the peak at 39.51 ppm. Coupling constants (J values) are reported in hertz. Column chromatography was carried out on SILICYCLE SiliaFlash silica gel F60 (40-63 μm, mesh 230-400). High-resolution mass spectra (HRMS) were obtained using a Q-tof UE521 mass spectrometer (University of Illinois, SCS, and Mass Spectrometry Lab). Enantiomeric purity was determined using HPLC analysis on a Agilent 1100 series instrument equipped with a quaternary pump using a Chiralpak OD-H column (250 mm × 4.6 mm) at 25°C. The UV absorption was monitored at 220 nm, and the injection volume was 20 μL. HPLC gradient was 80% n-hexane and 20% isopropanol, and a flow rate of 1.0 mL/min was used.

(S)-2-(2-chlorophenoxy)-N-(2-(pyridin-4-yl)benzo[d]oxazol-6-yl)propanamide
1H NMR (DMSO-d6, 400 MHz) δ 1.62 (d, J = 6.0 Hz, 3H), 4.98 (q, J = 6.8 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.8 Hz, 1H), 7.29 (t, J = 8 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.66 (dd, J1 = 8.8 Hz, 1H), 7.82 (d, J = 9.2 Hz, 1H), 8.09 (d, J = 6 Hz, 2H), 8.23 (s, 1H), 8.84 (d, J = 6 Hz, 2H), 10.42 (s, 1H); 13C NMR (DMSO-d6, 100 MHz) δ 18.5, 74.9, 110.7, 111.1, 115.0, 119.1, 120.7, 122.1, 122.3, 128.2, 130.2, 133.3, 135.9, 141.3, 146.7, 150.8, 152.8, 160.9, 169.3; ESI-HRMS for C21H17N3O3Cl (M+H)+ calcd. 394.0958 found 394.0953. Chiral purity (% ee > 98, tR = 24.2 min for major enantiomer and tR = 19.6 min for the minor enantiomer).


Supplementary Scheme S1. Synthesis of Q77.
[image: ]
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