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METHODS

Protein expression, purification and site-directed mutagenesis. All GUS enzymes were expressed and
purified as previously described."™ BuGUS-1"* and BuGUS-2"* mutants were generated, expressed,
and purified as previously described.* Type I and Type II B-glucosidases subcloned into pLIC-His vectors
were purchased from BioBasic and expressed and purified as previously described.* Sequence
information for purified B-glucosidases can be found in Figure S8. Briefly, all proteins were expressed
with a N-terminal 6x histidine tag and subsequently purified using a Ni-NTA HP column (GE
Healthcare). Additional purification was performed using a HiLoad 16/60 Superdex 200 gel filtration
column. Proteins were eluted and aliquots were flash frozen in liquid nitrogen and stored at —80°C until

further use.

Protein crystallography. Crystals of BuGUS-2 bound to the unsubstituted cyclophellitol-based aziridine
inhibitor (2) were produced via the hanging-drop vapor diffusion method. BuGUS-2 at 10 mg mL™" was
preincubated with an equivalent amount of inhibitor 2 prior to addition into the crystalline solution.
Crystals were formed by incubating ligand bound BuGUS-2 in 0.2 M KCl and 18% PEG 3350. The
crystals were cryoprotected using 0.2 M KCl and 18% PEG 3350 in 20% glycerol. Diffraction data for all
crystals were collected on the 23-ID-B beamline at GM/Ca-CAT (Advanced Photon Source, Argonne
National Laboratory). Refinements and ligand generation were carried out in Phenix, and ligand fitting
was performed in Coot.’ Final coordinates and structure factors have been submitted to the RCSB and the

assigned accession code 6NZG for ligand bound structure.

Animal study design. All animal studies were approved by the University of North Carolina Institutional
Animal Care and Use Committee (IACUC), according to Care and Use of Laboratory Animals guidelines
set by the National Institutes of Health.

Germ-free wild-type C57/BL6J mice were bred and maintained in-house at the National
Gnotobiotic Rodent Resource Center (NGRRC; University of North Carolina, Chapel Hill, NC). Mice
were housed in Green Line cages (Techniplast). At 810 weeks of age, mice were colonized by oral
gavage and rectal swabbing with viable WT E. coli MG1655 or isogenic AGUS mutant that were cultured
overnight in lysogeny broth in anaerobic conditions as described previously (REF: PMID 29269393).
Colonization was monitored by quantitative plating onto brain heart infusion (BHI) agar plates of serial
dilutions of freshly collected feces. Plates were incubated for 24 hours under aerobic conditions at 37°C,
and colonies were enumerated. Freshly voided stools were collected aseptically into sterile tubes, snap

frozen, and stored at —80°C until further analysis.



Mouse fecal extract. Mouse fecal pellets were collected and stored at —80°C until further use. Fecal
extracts were created as previously described.® In brief, 1-2 pellets were rehydrated with 350 uL cold
extraction buffer (pH 6.5, 25 mM HEPES, 25 mM NaCl with Roche cOmplete™ protease inhibitor
cocktail) containing autoclaved 0.7 mm garnet beads (Omni International). The mixture was vortexed to
break up dense, fibrous material. Bacterial cells were lysed using a Tissuelyzer II (Qiagen) for 2 min. at
30 Hertz. The resulting homogenate was sonicated for 2 min. The sonication was repeated after mixing
the homogenate by inversion. After centrifugation (13,000xg, 10 min., 4°C), the supernatant was
decanted. The total protein concentration was calculated using a standard Bradford Assay protocol. The
mouse fecal extract was aliquoted and snap frozen using liquid nitrogen. The aliquots were stored at —

80°C until further use.

Human fecal extract. Human fecal samples were purchased from a commercial vendor, BiolVT, and
stored at —80°C until further use. Approximately 5 g of thawed fecal material in a solution containing 25
mL of cold extraction buffer (pH 6.5, 25 mM HEPES, 25 mM NaCl with Roche cOmplete™ protease
inhibitor cocktail) and 500 mg of autoclaved garnet beads was vortexed vigorously to break up dense,
fibrous material. The suspended sample was centrifuged at low speed (300xg, 5 min., 4°C) to separate out
any insoluble fecal material. After decanting the microbial supernatant, an additional 25 mL of cold
extraction buffer was added to the remaining fibrous material and the extraction process was repeated.
The combined microbial supernatant (~40-45 mL) was centrifuged at low speed to remove any remaining
insoluble debris. This process was repeated again with the decanted microbial supernatant. The microbial
supernatant was ultrasonicated for 1.5 min. while on ice. The lysate was mixed by inversion and the
sonication repeated. The lysed cells were centrifuged at high speed (17,000xg, 20 min., 4°C) to remove
cellular debris. The decanted lysate was concentrated, and metabolites were removed by buffer
exchanging with fresh extraction buffer. The concentration of total protein in the fecal extract was
calculated using a standard Bradford Assay protocol. The human fecal extract was aliquoted and snap

frozen using liquid nitrogen. The aliquots were stored at —80°C until further use.

GUS inhibitors and activity-based probes (ABPs). Cyclophellitol-based inhibitors 1 and 2, and ABPs 3

and 4 were synthesized and purified as previously described.’

Fluorescence labelling. Select recombinant GUS enzymes were diluted to the appropriate concentration
in buffer and pre-incubated for 5 min. at 37°C prior to the addition of Cy5-ABP (4). The final reaction

volume was 50 pL containing 30 pL water, 10 pL buffer (pH 6.5, 25 mM HEPES, 25 mM NacCl, and 1%
DMSO, final), 5 uL GUS (1 puM, final), and 5 pL ABP 4 (100 nM, final). For the heat-denatured EcGUS



control, EcGUS was incubated at 95°C for 5 min. prior to the addition of ABP 4. After the addition of
ABP 4, reaction mixtures were incubated at 37°C for 1 hr. and denatured with 50 pL gel loading buffer
(pH 6.8, 50 mM Tris-HCI, 100 mM DTT, 2% SDS, and 10% glycerol, final) at 95°C for 5 min. Samples
were cooled on ice, run on a 10% acrylamide gel, and imaged using a fluorescence scanner (Amersham
Typhoon) with an excitation wavelength of 649 nm and emission wavelength of 670 nm. Gels were
subsequently stained with coomassie blue and imaged.

Mouse fecal extracts from E. coli mono-associated and germ-free mice were incubated with Cy5-
ABP (4) at 37°C for 1 hr. The final reaction volume was 20 pL containing 12 pL water, 4 uL buffer (pH
6.5, 25 mM HEPES, 25 mM NaCl, final), 2 pL mouse fecal extract (0.1 mg mL", final), and 2 uL. ABP 4
(100 nM, final). For the heat denatured control, E. coli mono-associated fecal extract was incubated at
95°C for 5 min. prior to the addition of ABP 4. For label blocking studies, E. coli mono-associated fecal
extract was pre-incubated with various concentrations of D-glucaro-1,4-lactone prior to the addition of
ABP 4. Samples were denatured with 20 pL gel loading buffer, ran on gel, and processed as stated above.

Full gel images can be found in Figure S12.

In vitro GUS activity and inhibition. Apparent ICso values for GUS inhibition by compounds 1-4 were
calculated using an endpoint format.® Select GUS enzymes were pre-incubated with a range of compound
concentrations at 37°C for 30 min. prior to initiating the reaction with the fluorogenic substrate, 4-
methylumbelliferone glucuronide (4-MUG). The final reaction volume was 50 pL containing 25 pL
water, 10 uL. buffer (pH 6.5, 25 mM HEPES, 25 mM NacCl, and 2% DMSO, final), 5 pL enzyme (15 nM,
final), 5 pL compound (varying concentrations), and 5 uL. 4-MUG (900 uM, final). After the addition of
substrate, reaction mixtures were incubated at 37°C for 1 hr. and then quenched with 50 uL 0.2 M sodium
carbonate. Fluorescence intensities were measured at an excitation wavelength of 350 nm and an emission
wavelength of 450 nm (PHERAStar BMG Labtech). End point fluorescence intensities were converted to
percent inhibition as previously described.® Percent inhibition values were subsequently plotted against
the log of compound concentration and fit with a four-parameter logistic function in GraphPad Prism to
determine the concentration at which 50% inhibition (ICso) is observed.

Kinetic parameters were determined for GUS inhibition by compounds 1—4 as previously
described with some modification.”® Briefly, select GUS enzymes were pre-incubated in buffer at 37°C
for 5 min. prior to initiating the reaction with the addition of both compound and 4-MUG. The final
reaction volume was 50 pL. containing 25 pL. water, 10 pL buffer (pH 6.5, 25 mM HEPES, 25 mM NaCl,
and 2% DMSO, final), 5 uL enzyme (5 nM, final), 5 pL compound (varying concentrations), and 5 pL 4-
MUG (900 pM, final). After addition of substrate and compound, reactions were monitored continuously

at 37°C at an excitation wavelength of 350 nm and an emission wavelength of 450 nm (PHERAStar BMG



Labtech). The first-order rate constant, kobs, was calculated as previously described.® We applied a one-
step kinetic scheme to fit in Excel the resulting kqs vs. [compound] using a linear function, which gives
the apparent inhibition parameter 4i/K;’ as the slope. ki/K;” parameter was converted to ki/K; using the
following equation, Ki” = Ki(1 + [S]/ Km), where [S] =900 uM and Kv= 64 uM, 25 uM, and 80 uM for
EcGUS, BuGUS-1, and BuGUS-2, respectively.

Catalytic efficiencies for SN-38-G processing by GUS enzymes were calculated using a
continuous read format. Select GUS enzymes were pre-incubated in buffer at 37°C for 5 min. prior to
initiating the reaction with the fluorogenic substrate, SN-38-G. The final reaction volume was 25 pL
containing 5 pL water, 12.5 pL buffer (pH 6.5, 25 mM HEPES, and 25 mM NaCl, final), 2.5 puL enzyme
(15 nM, final), and 5 pL. SN-38-G (varying concentrations). After addition of substrate, reactions were
monitored continuously at 37°C at an excitation wavelength of 230 nm and an emission wavelength of
420 nm (Tecan Infinite M1000 Pro). Initial velocities from the resultant progress curves were fitted using

a linear regression with a custom MATLAB program, and kc./Kv was determined in Excel.

In vitro B-glucosidase activity and inhibition. Inhibition of purified Type I and Type II B-glucosidases
by biotin-ABP (3) was determined using an end-point assay format. The B-glucosidases were pre-
incubated with ABP 3 at 37°C for 30 min. prior to initiating the reaction with the colorimetric substrate,
2-nitrophenyl B-D-glucopyranoside (2-NP-Glc). The final reaction volume was 50 pL containing 25 pL
water, 10 pL buffer (pH 6.5, 25 mM HEPES, and 25 mM NaCl, final), 5 pL. ABP 3 (varying
concentrations), 5 uL enzyme (200 nM and 100 nM, final, for Type I and Type II, respectively), and 5 pL
2-NP-Glc (900 pM, final). After addition of substrate, reaction mixtures were incubated at 37°C for 30
min. and then quenched with 0.2 M sodium carbonate. Absorbance was measured at 410 nm (PHERAStar
BMG Labtech).

Activity against p-nitrophenyl B-D-glucuronide (pNP-GlcA) and 2-NP-Glc hydrolysis by Type I
and Type II B-glucosidases was determined using a continuous read format. Both Type I and Type II B-
glucosidases were pre-incubated in buffer at 37°C for 5 min. prior to initiating the reaction with either
PNP-GIcA or 2-NP-Glc. The final reaction volume was 50 pL containing 30 puL water, 10 puL buffer (pH
6.5, 25 mM HEPES, and 25 mM NaCl, final), 5 uL enzyme (200 nM and 100 nM, final, for Type I and
Type 11, respectively), and 5 pL pNP-GIcA or 2-NP-Glc (900 uM, final). After addition of substrate,
reactions were stopped at various time points by quenching with 0.2 M sodium carbonate. Absorbance

was measured at 410 nm (PHERAStar BMG Labtech).

Ex vivo GUS activity and inhibition. Inhibition of SN-38-G hydrolysis in human fecal extracts was

determined using a continuous read format. Inhibitors were diluted to the appropriate concentrations and



pre-mixed with human fecal extract prior to initiating the reaction with the fluorogenic substrate, SN-38-
G. The final reaction volume was 25 pL containing 12.5 pL water, 5 uL buffer (pH 6.5, 25 mM HEPES,
25 mM NaCl, and 1.3% DMSO, final), 2.5 pL human fecal extract (0.1 mg mL", final), 2.5 pL inhibitor
(various concentrations), and 2.5 pL substrate (15 uM, final). Reaction mixtures were pre-incubated with
inhibitor at 37°C for 5 min. prior to the addition of substrate. After addition of substrate, reactions were
monitored continuously at 37°C with an excitation wavelength of 230 nm and an emission wavelength of
420 nm (Tecan Infinite M1000 Pro). The first order rate constant, k (s™), was obtained by fitting resulting

progress curves using an exponential decay function in MATLAB (Figure S9).

Proteomics. Human fecal extracts (3.5 mg) were incubated at 37°C for 60 min. with either 10 uM pre-
clicked, biotin-ABP (3) or 10 uM biotin only in 500 uL (pH 6.5, 25 mM HEPES, 25 mM NaCl, and 1%
DMSO, final, containing Roche cOmplete™ protease inhibitor cocktail). Reactions were quenched by
adding 125 pL 10% SDS and heating at 95°C for 5 min. After cooling on ice, the samples were washed 3
times with 0.05% SDS buffer (pH 6.5, 25 mM HEPES, and 25 mM NacCl) using 1.5 mL Amicon 10K
cutoff spin concentrators to remove unreacted probe. The samples were centrifuged at 14,000xg for 5
min. at 4°C between wash steps. The volume in each sample was adjusted to 1 mL using 0.05% SDS
buffer (pH 6.5, 25 mM HEPES, and 25 mM NaCl). To each sample, 15 pL streptavidin sepharose beads
(GE) were added and incubated at room temperature for 60 min. The beads were subsequently washed
with 300 uL 0.1% SDS buffer (pH 6.5, 25 mM HEPES, 25 mM NacCl), 3 times with 300 pL buffer (pH
6.5, 25 mM HEPES, 25 mM NaCl), and 3 times with 300 pL. 50 mM NH4HCO3. The samples were
centrifuged (400xg, 2 min., 4°C) between wash steps. The beads in each sample were re-suspended in 100
pL 50 mM NH4HCO; and stored at —20°C until further analysis.

Proteins were eluted using 0.5% RapiGest (Waters; 18600861) in 50 mM NH4HCOs3 and reduced
with dithiothreitol (DTT) at 65°C for 30 min. Proteins were alkylated using 2-chloroacetamide (Acros
Organics; 148415000) for 20 min. at room temperature in the dark. Beads were pelleted by centrifugation
(200xg, 2 min., room temperature). The supernatant was transferred to a new tube and trypsinized
overnight for 18 hr. at 37°C with 2.5 pg of trypsin (Promega; V511C). RapiGest surfactant was quenched
using 250 mM HCI for 45 min. at 37°C. Samples were then concentrated to 100 puL using a speedvac
followed by C18 desalting columns in accordance with the manufacturer’s protocols (ThermoScientific;
89870). Samples were then concentrated using a speedvac and resolubilized in 100 pL of LC-Optima MS
grade water (Thermo; W7SK). Ethyl acetate (Thermo; E196SK) extraction followed by speedvac was
performed to remove residual detergents. Peptides were quantified and normalized using the Pierce QFP

assay (Thermo; 23290) in accordance with the manufacturer’s protocol.



Reverse-phase nano-high-performance liquid chromatography (nano-HPLC) coupled with a
nanoACQUITY ultraperformance liquid chromatography (UPLC) system (Waters Corporation; Milford,
MA) was used to separate trypsinized peptides. Trapping and separation of peptides were performed in a
2 ¢cm column (Pepmap 100; 3-m particle size and 100-A pore size), and a 25-cm EASYspray analytical
column (75-m inside diameter [i.d.], 2.0-m C18 particle size, and 100-A pore size) at 300 nL/min and
35°C, respectively. Analysis of a 60-min. gradient of 2% to 25% buffer B (0.1% formic acid in
acetonitrile) was performed on an Orbitrap Fusion Lumos mass spectrometer (Thermo Scientific). The ion
source was operated at 2.4 kV and the ion transfer tube was set to 300°C. Full MS scans (350-2000 m/z)
were analyzed in the Orbitrap at a resolution of 120,000 and 1e6 AGC target. The MS2 spectra were
collected using a 1.6 m/z isolation width and were analyzed either by the Orbitrap or the linear ion trap
depending on peak charge and intensity using a 3 s TopSpeed CHOPIN method.’ Orbitrap MS2 scans
were acquired at 7500 resolution, with a Se4 AGC, and 22 ms maximum injection time after HCD
fragmentation with a normalized energy of 30%. Rapid linear ion trap MS2 scans were acquired using an
4e3 AGC, 250 ms maximum injection time after CID 30 fragmentation. Precursor ions were chosen based
on intensity thresholds (>1e3) from the full scan as well as on charge states (2—7) with a 30-s dynamic
exclusion window. Polysiloxane 371.10124 was used as the lock mass. All proteomics data have been
deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the data set
identifier PXD014864."

Raw LC/MS data processing. Peptides and protein groups were identified by an iterative database
strategy within MetaLab (version 1.1.1)"!, which used MaxQuant (version 1.6.2.3)'%. The database search
was performed using the integrated reference catalog of the human gut microbiome (IGC) database'?
combined with the UniProtKB/Swiss-Prot human sequence database (downloaded 1 Feb. 2017)" with a
total of 9,920,788 sequences. Search parameters were: static carbamidomethyl cysteine modification,
specific trypsin digestion with up to two missed cleavages, variable protein N-terminal acetylation and
methionine oxidation, match between runs, and label-free quantification (LFQ) with a minimum ratio
count of 2. Protein identifications were filtered for a false discovery rate (FDR) of 1%, and potential

contaminants and decoys were removed.

Identification of GUS enzymes and f-glucosidases from IGC and UniProt databases. GUS enzymes
and B-glucosidases in the IGC and UniProt (SwissProt and TTEMBL) databases were identified by
pairwise alignment to representative proteins. Candidate sequences were accepted if they passed a
sequence identity threshold and contained conserved residues. For GUS enzymes, > 28% identity was

required with at least one of four representative proteins: Escherichia coli (EcGUS, UniProt: P05804),



Clostridium perfringens (CpGUS, UniProt: Q8VNV4), Streptococcus agalactiae (SaGUS, UniProt:
Q8EON?2), and Bacteroides fragilis (BfGUS, PDB: 3CMG). Additionally, all conserved residues had to be
present and correctly aligned to the representative protein that passed the identity threshold. The
conserved residues were: EcGUS E413, ES04, N566, K568; CpGUS E412, E505, N567, K569; SaGUS
E408, E501, N563, K565; and BfGUS E395, E476, N547, K549. For Type 1 B-glucosidases, > 25%
identity was required with GH3 B-glucosidase from the cow rumen metagenome (PDB: 5K6M) with
conserved residues E143, R597, K630, H631, D709. For Type II B-glucosidases, > 26% identity was
required with GH3 B-glucosidase from Bifidobacterium adolescentis (PDB: SWAB) with conserved
residues R120, K153, H154, D232, E417. For E417, an exact alignment was not required, rather an E had
to be within + 4 residues, including gaps. Pairwise alignment was performed by EMBOSS Stretcher with
parameters gapopen=1 and gapextend=1."" Sequence identity thresholds (i.e., 28%, 25% and 26%) were
chosen by selecting the smallest value for which no human proteins (except GUSB) were accepted

(Figure S6).

Annotation of GUS loops. GUS loop classes were determined by multiple sequence alignment (MSA) of
all GUS enzymes identified in the IGC database along with representative proteins. An initial MSA for
IGC GUS enzymes was created using Clustal Omega with parameters --full, --full-iter, --iter=10. To
determine Loop 1 and Loop 2 categories, EcGUS (Uniprot: P05804) was aligned to the initial MSA using
the same Clustal Omega parameters. Criteria for each class are defined by Pollet et al.' To determine the
N-Terminal Loop (NTL) class, BuGUS-1 (PDB: 6D1N) was aligned to the initial MSA as before. NTL

criteria are defined by Pellock et al.*

GUS-specific taxonomy quantification. The relative GUS abundance of a taxon was defined as the
summed intensities of GUS peptides distinct to the taxon. GUS peptides were all identified peptides that
are present in a GUS protein in the UniProt database. To determine a peptide’s distinct taxon, UniProt
protein entries containing the peptide were found using UniPept’s pept2prot program.'® Since most of the
proteins identified by ABPP were GUS enzymes and -glucosidases, we rationalized that the entries
could be restricted to only those that belonged to these classes by pairwise alignment. Proteins were
further filtered out if their taxon was “uncultured bacterium”, “uncultured organism”, “human gut
metagenome” or a metazoan other than homo sapiens. The taxa for these proteins were then input into

UniPept’s taxa2lca program to determine the least common ancestor of the taxa, which is the most

specific taxon for which the peptide is distinct.



Taxonomy identification for protein groups. A protein group’s taxon was defined as the least common
taxon that contained all the unique and razor peptides of the protein group. For each protein group, its
razor and unique peptides were mapped to UniProt protein entries and full taxonomies using pept2prot
and filtered as described in the taxonomy quantification section. To be considered the least common

taxon, it must be the only taxon at its rank to contain all the peptides.

GUS correlation analyses. All correlation analyses were performed in GraphPad Prism by fitting with a

one phase decay function.

Safety Statement. No unexpected or unusually high safety hazards were encountered.
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Figure S1. Approach to identify GUS enzymes responsible for drug glucuronide metabolism in the
human gut microbiome. (a) The anti-cancer pro-drug irinotecan is processed by carboxylesterases (CE)
during Phase I metabolism to form the active metabolite, SN-38, a topoisomerase I inhibitor. Uridine-
diphosphate glucuronosyltransferases (UGTs) in the liver glucuronidate SN-38, which inactivates and
promotes its excretion from the body. Bacterial GUS can reactivate SN-38 via hydrolytic removal of the
glucuronic acid sugar. Reactivation of SN-38 has been reported to cause severe, dose-limiting GI toxicity.
(b) To decipher the causative GUS enzymes in SN-38-G reactivation, we employed a strategy that
integrates ABPP-enabled GUS abundance data with ex vivo SN-38-G processing data obtained from fecal
metaproteomes. Correlation analysis between SN-38-G processing data and GUS abundance data can be

used to identify specific GUS enzymes involved in SN-38-G processing.
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Figure S2. Dose-response plots for inhibition of select gut bacterial GUS enzymes by cyclophellitol-
based inhibitors and ABPs. Apparent ICso values shown are the mean + standard deviation using N=3

biological replicates. Lower values indicate more potent inhibition.
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Figure S3. Derivation of kinetic parameters for GUS inhibition by inhibitors and ABPs 1-4. Plots shown

are kobs VS. concentration of inhibitors and ABPs 1-4.
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Figure S5. Cyclophellitol-based ABP labels GUS enzymes in mouse fecal lysate. Fecal extracts from
germ-free and E. coli mono-associated mice were labelled with Cy5-ABP. Labelling was blocked in a
dose-dependent manner using the pan-GUS inhibitor, D-glucaro-1,4-lactone. Recombinant EcGUS
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0.25 (25%) for Type 1 B-glucosidases, and 0.26 (26%) for Type II B-glucosidases.
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Figure S7. Interindividual variability in bacterial GUS composition. (a) Venn diagram of identified GUS
protein groups from four individuals analyzed by this study. (b) Phylum-level and (¢) structure-level
analysis of GUS abundance from human fecal samples. Phyla-level composition information was
calculated using peptide abundance information. Structure-level composition information was calculated
using protein group abundance information. Human GUS abundance information was not included in

structure-level composition analysis.



“Type I” Glucosidase

IGC sequence identified from fecal sample:
KIMPETKGILKMYICKRRIKIMAKWOQRSFFOPVLPLGEDGRRVTGSKEHIALSRMAAGEGMVLLKNEKNTLPIRRGT
KVALFGKGTVDYVKGGGGSGDVTVEYIRNLYEGMKIKEDEGKVEVFDKLAKYYEKDIQKQYADGAVPGMTVEPELPD
ELLNEAREYTDTAVITICRFSGEGWDRKCEAAQDGYVLDGEEKRNSELSAKIFENGDFCLTNAENAMVEKVKKAFPH
VIVVMNVGGIVDTKWFRDCDEIQSVLMAWQGGMEGGLATADILCGDVNPSGKLSDTYAKDLEDYPSTANFHESAFYV
DYTEDIYVGYRYFETIPGAAERVNYPFGEFGLSYTDFDWKMTGASEENGVITVLTEVTNTGKTAGKEVIQLYYGAPQG
KLGKPAKVLGAFKKTSILQPGERQILTLKIPVNQOMASYDDLGKVCRSAYVLEAGEYAIYIGTNVRDAAKIDETYVVK
EDTVTEQLSRKAAPYHLOQKRMLADGSYEELPQREYVEEEGLPRODKYAIGLPCPDTRGOKGIDFLDFLDSKGVRESD
VADGKMTLDEFMDILTLDDCINLLGGQPNTGCANTFGMGNLPEYGVPNVMTADGPAGLRILPKCGVNTTAWPCATLL
ASTWDEELVEKVGKAGAEEVKENNISIWLTPACNIHRSPLCGRNFEYYSEDPYLAGKTGAAMVRGIQSQHIGASVKH
FAANNKETNRKDSDSRVSERALREIYLKQFEITIVKEAHPYTIMSSYNLINGIHASENKELLTGILRDEWGFDGLVTT
DWWTFGEHYRETKAGNDIKMAAGYPERIKEAYEKGFITEAETIRLSARRILNMILKID

Closest UniProt match: C6JEB3 (97.2%)
MAKWQRSFFQPVLPLGEDGRRVTGSKEHIALSRMAAGEGMVLLKNEKNTLPIRRGTKVAFFGKGTVDYVKGGGGSGD
VTVEYIRNLYEGMKIKEDEGKVEVEFDKLAKYYEKDIQKQYADGAVPGMTVEPELPDELLNEAREYTDTAVITICRES
GEGWDRKCEAAQDGYVLDGEEKRNSELSAKIFENGDFCLTNAENAMVEKVKKAFPHVIVVMNVGGIVDTKWEFRDCDE
IQSVLMAWQGGMEGGLATADILCGDVNPSGKLSDTYAKDLEDYPSTANFHESAFYVDYTEDIYVGYRYFETIPGAAE
RVNYPFGFGLSYTDFDWKMTGASEENGVITVLTEVTNTGKTAGKEVIQLYYGAPQGKLGKPAKVLGAFKKTSLLQPG
ERQILTLKIPVDOMASYDDLGKVCRSAYVLEAGEYAIYIGTNVRDAAKIDFTYVVKEDTVTEQLSRKAAPYHLQKRM
LADGSYEELPQREYVEEEGLPRODKYAIGLPCPDTRGQKGIDFLDFLDSKGVRFSDVADGKMTLDEFMDILTLDDCT
NLLGGQPNTGCANTFGMGNLPEYGVPNVMTADGPAGLRILPKCGVNTTAWPCATLLASTWDEELVEKVGKAGAEEVK
ENNISIWLTPACNIHRSPLCGRNFEYYSEDPYLAGKTGAAMVRGIQSQHIGASVKHFAANNKETNRKDSDSRVSERA
LREIYLKQFEIIVKEAHPYTIMSSYNLINGIHASENKELLTGILRDEWGFDGMVTTDWWTFGEHYRETKAGNDIKMA
AGYPERIKEAYEKGFITEGEIRLSARRILNMILKID

“Type I’ conserved residues (sequence alignment to SK6M):

5K6M 111 WSQPEMELTDEIVSNASAK--SDVAIVI-I-GR-TAGE--D-K-D-FS-D 149
C6JEB3 129 ---PE--LPDELL-N-EAREYTDTA-VITIC-RFS-GEGWDRKCEA-AQD 167
5K6M 512 AFG-G-VSEYLRKMDIP-AVC-CDDGPSGMR-LDS-GA-T-AFSMP-NGT 552
C6JEB3 553 TFGMGNLPEY----GVPN-VMTAD-GPAGLRILPKCGVNTTAW--PC-AT 593
5K6M 553 MLASTFNPD--VIERMYG-FT-S-LEMI--YNKVECL-L-GPGMNIHRNP 593
C6JEB3 594 LLASTW--DEELVEKV-GK-AGAE-E-VKE-NNIS-IWLT-PACNIHRSP 634
5K6M 594 L-NGRNFEYFSEDPYL-NG-T-IASAMLKGL---HKYG-SDGVAKHFCCN 635
C6JEB3 635 LC-GRNFEYYSEDPYLA-GKTG-A-AMVRGIQSQH-IGAS--V-KHFAAN 676
5K6M 679 Q-VNGM-WTAG-N-YDL-NT-RILRDEWGFKGIVMTDWWAQVNDRGGEPT 722
C6JEB3 719 NLINGIH--ASENK-ELL-TG-ILRDEWGFDGMVTTDWWT-F---G-E-- 756

Expressed and purified His-tagged sequence:

MHHHHHHSSGVDLGTENLYFQSNASKEHIALSRMAAGEGMVLLKNEKNTLPIRRGTKVAFFGKGTVDYVKGGGGSGD
VIVEYIRNLYEGMKIKEDEGKVEVEFDKLAKYYEKDIQKQYADGAVPGMTVEPELPDELLNEAREYTDTAVITICRES
GEGWDRKCEAAQDGYVLDGEEKRNSELSAKIFENGDFCLTNAENAMVEKVKKAFPHVIVVMNVGGIVDTKWERDCDE
IQSVLMAWQGGMEGGLATADILCGDVNPSGKLSDTYAKDLEDYPSTANFHESAFYVDYTEDIYVGYRYFETIPGAAE
RVNYPEFGFGLSYTDEFDWKMTGASEENGVITVLTEVINTGKTAGKEVIQLYYGAPQGKLGKPAKVLGAFKKTSLLOPG
ERQILTLKIPVDOMASYDDLGKVCRSAYVLEAGEYAIYIGTNVRDAAKIDFTYVVKEDTVTEQLSRKAAPYHLQOKRM
LADGSYEELPQREYVEEEGLPRODKYAIGLPCPDTRGOKGIDFLDFLDSKGVREFSDVADGKMTLDEFMDILTLDDCI
NLLGGOPNTGCANTFGMGNLPEYGVPNVMTADGPAGLRILPKCGVNTTAWPCATLLASTWDEELVEKVGKAGAEEVK
ENNISIWLTPACNIHRSPLCGRNFEYYSEDPYLAGKTGAAMVRGIQSOHIGASVKHFAANNKETNRKDSDSRVSERA
LREIYLKQFEIIVKEAHPYTIMSSYNLINGIHASENKELLTGILRDEWGFDGMVTTDWWTFGEHYRETKAGNDIKMA
AGYPERIKEAYEKGFITEGEIRLSARRILNMILKID



“Type II” Glucosidase

IGC sequence identified from fecal sample:
MKKNIISMAAAMAVLSACGPGVPQLGKASLDEVIGAMTLEEKAHLVVGTGMAGEFSGDSAVIGATKKLVPGAAGTTYP
IERLGIPAVVLADGPAGLRIDPTREGDSATYYCTHFPIGTLLASTWDQELVESVGOSIGNEVLEYGADVLLAPALNI
HRNPLCGRNFEYYSEDPVVSGKIAAAYVRGVQSNGVGTSIKHFAVNNQETNRMATDAHVSPRALREIYLKGFEIAVK
ESAPWTVMSSYNYLNGVYTSENKELQTTMLRDEWGFKGMVMTDWFGGKDAVAQMVAGNDMLOPGLPKQYEATVKGVQ
DGALDEATILNQNVKRILEMILOQTPHFKGYKYSNKPDLKAHAAVTRQSATEGMVLLKNDNASLPLAADVKNVALEFGCT
SYDFIAGGTGSGNVNRAYTVSLLDGLKNAGYVVDEALKNSYEAYLKAEKGRLSKDKKEWFMPDERPAEMAVSAEVIR
EQAAKADVALVTLGRTSGEFLDRMVADENLTKEELDMLKAVSDAFHAAGKRVVVVLNIGGVIETASWKSVPDAILCA
WOAGQEGGNSVADVLSGKASPSGKLTMTFPVKEFEDAASSANFPIDMRVSIDLVNKGGKKNDVKNVDYTNYEEDIYVG
YRYFDTFGKQVSYPFGYGLSYTTFAYDKAAVKADNGVYTVSVEVKNTGKVAGKEVVQLYVSAPDAADANKPEKELKA
FAKTKELKPGEATVVTLKVSAADLASYDEAASAWVVAPGNYKFLVGASSRDIKATLEAEVAASSEKTNDILKLQEPT
SLLER

Closest UniProt match: AOA285SHS81 (98.3%)
MKKNIISMAAAMAVLSACGPGVPQLGKSSLDEVIGAMTLEEKAHLVVGTGMAGFSGDSAVIGATRKLVPGAAGTTYP
IERLGIPAVVLADGPAGLRIDPKREGDSATYYCTHFPIGTLLASTWDQELVESVGQSIGNEVLEYGADVLLAPALNT
HRNPLCGRNFEYYSEDPLVSGKIAAAYVRGVQSNGVGTSIKHFAVNNQETNRMATDAHVSPRALREIYLKGFETIAVK
ESAPWTVMSSYNYLNGVYTSENKELQTTMLRDEWGFKGMVMTDWFGGKDAVAQMVAGNDMLOPGLPKQYEATVKGVQ
DGALDEAILNQNVKRILEMILQTPHFKGYKYSNKPDLKAHAAVTRQSATEGMVLLKNDNGALPLAADVKNVALFGCT
SYDFIAGGTGSGNVNRAYTVSLLDGLKNAGYVVDEALKNSYEAYLKAEKERLSKDKKEWFMPDTRPAEMAVSAQVIR
EQAAKADVALVTLGRTSGEFLDRMVADENLTKEEQDMLKAVSDAFHAAGKKVVVVLNIGGVIETASWKSVPDATILCA
WQAGQEGGNSVADVLSGKASPSGKLTMTFPVKFEDAASSDNFPIDMRVSTDLMNKGGKKNDVKNVDYTNYEEDIYVG
YRYFDTFGKQVSYPFGYGLSYTTFAYDKAAVKADNGVYTVSVEVKNTGKVAGKEVVQLYVSAPDAADANKPEKELKA
FAKTKELKPGETTVVTLKVNAADLASYDEAASAWVVTPGNYKFLVGASSRDIKATLEAEVAAATQKTNNILKLQEPM
SLLKR

“Type II” conserved residues (sequence alignment to SWAB):

SWAB 48 GLR---KSNSATTGEVDLNNSVPAT--C--FPPAAG-L-SSSWNPELIHQ 88
AQA285SHS8 94 GLRIDPK-RE---G--D---S--ATYYCTHFP-I-GTLLASTWDQELV-E 129
SWAB 89 -VGEAMAEECI-QEKV-A-VILGPGVNIKRNPL-GGR-CFEYWSEDPYL- 131
AQOA285SHS8 130 SVGQSIGNE-VL-E-YGADVLLAPALNIHRNPLCG-RN-FEYYSEDP-LV 173
SWAB 132 AGHE-AVGIVAGVQSKGVGTSLKHFAANNQETDRLRVS-ANISQRALRET 179
AQA285SHS8 174 SG-KIAAAYVRGVQSNGVGTSIKHFAVNNQETNRM-ATDAHVSPRALREI 221
SWAB 224 GYEGIVMSDW-GADHDRVASL-NAGLNLEM--P--PS-YTDDQIVYAARD 266
AQA285SHS8 266 GFKGMVMTDWEFGGK-DAVAQMV-AG-N-DMLQPGLPKQY-E-AIV-—--K- 305
SWAB 410 LPEAAESEG-F-DRETL--D--IPAK--QVELLKAV--A--AENKNIVVV 447
AQA285SHS8 477 --RT--S-GEFLDR--MVADFNL-TKEEQ-DMLKAVSDAFHAAGKKVVVV 517

Expressed and purified His-tagged sequence:
MHHHHHHSSGVDLGTENLYFQSNAGVPQLGKSSLDEVIGAMTLEEKAHLVVGTGMAGFSGDSAVIGATRKLVPGAAG
TTYPIERLGIPAVVLADGPAGLRIDPKREGDSATYYCTHFPIGTLLASTWDQELVESVGQSIGNEVLEYGADVLLAP
ALNIHRNPLCGRNFEYYSEDPLVSGKIAAAYVRGVQSNGVGTSIKHFAVNNQETNRMATDAHVSPRALRETIYLKGFE
TAVKESAPWTVMSSYNYLNGVYTSENKELQTTMLRDEWGFKGMVMTDWFGGKDAVAQMVAGNDMLOPGLPKQYEATV
KGVQDGALDEATILNQNVKRILEMILQTPHFKGYKYSNKPDLKAHAAVTRQSATEGMVLLKNDNGALPLAADVKNVAL
FGCTSYDFIAGGTGSGNVNRAYTVSLLDGLKNAGYVVDEALKNSYEAYLKAEKERLSKDKKEWFMPDTRPAEMAVSA
QVIREQAAKADVALVTLGRTSGEFLDRMVADENLTKEEQDMLKAVSDAFHAAGKKVVVVLNIGGVIETASWKSVPDA
ILCAWQAGQEGGNSVADVLSGKASPSGKLTMTFPVKFEDAASSDNFPIDMRVSTDLMNKGGKKNDVKNVDYTNYEED
IYVGYRYFDTFGKQVSYPFGYGLSYTTFAYDKAAVKADNGVYTVSVEVKNTGKVAGKEVVQLYVSAPDAADANKPEK
ELKAFAKTKELKPGETTVVTLKVNAADLASYDEAASAWVVTPGNYKFLVGASSRDIKATLEAEVAAATQKTNNILKL
QEPMSLLKR



Figure S8. Sequences of Type I and Type II B-glucosidases expressed and purified for in vitro analysis.
For each type of B-glucosidase, the sequence identified from proteomics data (IGC sequence), the closest
UniProt match, and sequence alignment with a published structure are listed. Key conserved residues are

bolded in the sequence alignment.
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Figure S9. Progress curves showing SN-38-G processing and inhibition in fecal samples.
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Figure S10. Correlation analysis of abundance data from various GUS structural classes against SN-38-G
processing data. Correlation analysis between mini-Loop 1 GUS, No Loop GUS, Loop 2 GUS
abundance, human GUS abundance and SN-38-G processing.
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Figure S11. Correlation analysis of abundance data from various GUS structural classes against SN-38-G
inhibition data. Correlation analysis between mini-Loop 1 GUS, No Loop GUS, Loop 2 GUS abundance,
and inhibition data for Loop 1-specific GUS inhibitors, UNC4917, UNC10201652, and UNC4510.
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