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Figure S1. Multiple sequence alignment of BuGUS-1, BuGUS-2, and BuGUS-3. Regions of interest 
discussed in the text are bolded and highlighted in various colors. Unique active site residues highlighted 
in yellow, N-terminal loop and catalytic glutamates in red, NxK motif in green, Loop 2 (L2) in magenta, 
mini-loop 2 (mL2) in blue. 
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Figure S2. pH screen of PNPG hydrolysis for BuGUS-1, BuGUS-2, and BuGUS-3. Error bars represent 
SD of n = 3 biological replicates. 
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Figure S3. Structural alignments of BuGUS-1 (cyan), BuGUS-2 (magenta), and BuGUS-3 (blue) with 
previously elucidated structure of E. coli GUS (green, EcGUS, PDB: 3LPF). 
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Figure S4. Size-exclusion chromatography multi-angle light scattering analysis (SEC-MALS) of 
BuGUS-1, BuGUS-2, and BuGUS-3 confirms oligomeric states predicted from crystal structures.  
 



S-7 
 

 

 
Figure S5. Comparison of CBMs of BuGUS-2, BuGUS-3, and BfGUS. Conserved core fold of GUS 
shown in grey with DUF-1 and CBM 57 or DUF2 (for BuGUS-2 and BuGUS-3) highlighted in cyan and 
magenta, respectively.  
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Figure S6. Circular dichroism wavelength scan and melting temperature for WT and D341A D367A 
calcium binding mutant of BuGUS-2.  
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Figure S7. Sequence alignment of putative calcium binding GUS enzymes from the Human 
Microbiome Project stool sample database. Related to Figure 5. 
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Figure S8. Modeling of sugar monosaccharides of glucuronate (GlcA), galacturonate (GalA), 
mannuronate (ManA), and iduronate (IdoA) in the active sites of BuGUS-1, BuGUS-2, and BuGUS-
3. Related to Figure 6.  
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Figure S9. BuGUS-1, but not BuGUS-2 or BuGUS-3, can process both glucuronides and 
galacturonides. Related to Table 1. a, chemical structures of pNP-GlcA and pNP-GalA. b, progress curves 
for BuGUS-1, BuGUS-2, and BuGUS-3 with pNP-GalA. c, kinetic parameters of pNP-GlcA and pNP-GalA 
hydrolysis by BuGUS-1. d, active site of BuGUS-1 with GalA manually docked and potentially important 
aspartic acid residue highlighted in green. This aspartic acid likely undergoes a rotamer shift, shown in 
cyan, to accommodate the GalA sugar. 
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Figure S10. Structural overlay of BuGUS-1 WT (cyan) and BuGUS-1 Δloop (grey) reveals absence 
of N-terminal loop necessary for efficient processing of SN-38-G. Related to Figure 8. 
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Figure S11. Structural analysis of BMSP GUS and docking studies of SN-38-G in the active sites of 
BuGUS-2 and BuGUS-3. Related to Figure 1, Figure 6. a, tetrameric biological assembly of BMSP GUS. 
b, active site of BMSP GUS with NxK motif in green and catalytic glutamates in deep salmon. Manually 
docked SN-38-G in active site of c, BuGUS-2 and d, BuGUS-3 based on the PTG-bound structure of 
BuGUS-1. 
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Figure S12. Chemical structures of Inhibitor 1 and UNC10201652. Related to Table 3. 
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Figure S13. Predicted structures by Rosetta-based modeling of unique tertiary and quaternary 
structures discovered by crystallography. (A) Overlay of observed and Rosetta-predicted tertiary 
structure for BuGUS-1, BuGUS-3, and BMSP GUS. (B) Observed quaternary structures for BuGUS-1, 
BuGUS-3, and BMSP. (C) Rosetta prediction of quaternary structure for BuGUS-1, BuGUS-3, and BMSP. 
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Table S1. X-ray data collection and refinement statistics.  
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Table S2. Bioinformatic analysis of the HMP GUS enzymes identified 18 GUS enzymes with calcium 
binding sites.  
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Table S3. Bioinformatic analysis of the HMP identified 11 GUS enzymes containing the variable 
active site tryptophan observed in BuGUS-3.  
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Table S4. Bioinformatics analysis of the HMP identified 6 GUS enzymes containing an N-terminal 
loop like that observed in BuGUS-1.   
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Table S5. Primer sequences used in this study.  
 


