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Supplemental Experimental Procedures

Enzyme kinetics

Kinetic studies involving a spectrophotometric product were conducted by monitoring the
change in UV/visible absorbance with a Cintra 10 spectrophotometer, equipped with a
Thermocell Peltier power supply. All experiments were carried out at 37 °C, in a total
volume of 1 mL.

Enzyme dependence on pH was carried out using substrate depletion methods to
determine the k.,/Ky directly. Assays were run in 100 mM buffer (citrate buffer from pH 4
to 6, maleate buffer from pH 6 to 7 and HEPES from pH 7 to 8), 10 mM CaCl,, 1 mg mL""
bovine serum albumin (BSA) (except below pH 5 where it precipitated), and either 10 uM p-
nitrophenyl a-D-glucopyranoside (pNP-Glc) for BtGH97a or 15 uM p-nitrophenyl a-D-
galactopyranoside (pNP-Gal) for BtGH97b. The reaction was initiated by the addition of 10
pL enzyme to a final concentration of between 10 and 640 nM for BtGH97a or 20 and 40 nM
for BtGH97b. p-Nitrophenolate release was monitored continuously at 400 nm for 10 min.
Data (absorbance at 400 nm against time) were fitted to a first order rate equation (A= Ay (1-
exp(-kt))t+offset, where A is the absorbance at time t, A is the absorbance at time 0 and K is
the rate constant) using GRAFIT to give Vinax/Km, which was adjusted for the enzyme
concentration to give K../Ky. The K./ Ky values at different pH values were fitted to a bell-
shaped ionisation curve (Ke/Ky = (limit x 10PHPKaD;(1o@xPH-PKapKaz) 1 qoHpKab L1y ¢,
determine the pK, values of the ionisable groups.

Enzyme activity was measured using between 0.02 and 0.8 mM dinitrophenyl a-D-
glucopyranoside (DNP-Glc), 0.02 and 1 mM pNP-Glc for BtGH97a and 0.02 and 1.2 mM
PNP-Gal for BtGH97b, in 100 mM maleate buffer, pH 6.6 (the optimum for enzyme
catalysis) with the same additional components described above. The reaction was initiated
with the addition of 10 pL enzyme to a final concentration of 2 nM for BtGH97a with DNP-
Glc and 10 nM for BtGH97a with pNP-Glc and BtGH97b with pNP-Gal. 2,4-
dintrophenolate/p-nitrophenolate release was monitored continuously at 400 nm (the molar
extinction coefficient was determined by measuring the absorbance of an accurately
determined concentration of the substrate which had been hydrolysed to completion with a
highly concentrated stock of enzyme) for 300 s, and the rates were taken as the slope between
100 and 200 s. The data were fitted to the Michaelis Menten equation in GRAFIT, which
was used to calculate the Ky and Viax; the Vi, could be adjusted for the enzyme
concentration to give the K.

Kinetics on the E194A and E532A mutants were conducted in the same way to
determine the k., and Ky values. E194A, at a final concentration of 100 nM, was assayed at
PNP-Glc concentrations between 0.05 and 1.5 mM and E532A, at a final concentration of
200 nM, was assayed at pPNP-Glc concentrations between 0.05 and 1 mM. In addition,
substrate depletion methods were used to determine the K.,/Ky values for each mutant with



10 uM DNP-Glc; wild type was present at a final concentration of 10 nM, E194A at 140 nM,
E439A at 1.5 uM, E526A at 260 nM and E532A at 150 nM. No activity could be determined
for ESO8A using either substrate.

Ki values for 1-3 with BtGH97a were determined under steady state conditions at low
substrate concentration. Assays contained 25 pM pNP-Glc, 100 mM maleate buffer, pH 6.6,
1 mg mL" BSA and 10 mM CaCl,. Concentrations of 1 ranged from 15 to 200 uM, 2 ranged
from 10 to 150 uM and 3 ranged from 25 nM to 1 uM; BtGH97a was present at a final
concentration of 2 nM. Reactions were initiated by the addition of substrate following a 20
minute pre-incubation of the enzyme with inhibitor to prevent any complications from slow
onset inhibition. Rates were monitored for a 300 s period, and the rates were taken as the
slope of the line between 200 and 300 s. The fractional decrease of the rate in the absence
and presence of inhibitor was used to determine the K; using the equation vp/v; = 1 + [1]/K;
(where V is the rate in the absence of inhibitor, V; is the rate in the presence of inhibitor, and
[1] is the inhibitor concentration) and the mean K; value was taken.

Kinetics were also performed using a stopped assay, whereas glucose was detected
using glucosose oxidase/peroxidase linking enzymes (Megazyme). Assays were performed
at 37 °C in 100 mM sodium maleate buffer, pH 6.6, 1 mg mL™' BSA and 10 mM CaCl,.
Measurements were made at maltose concentrations between 0.25 and 8 mM for BtGH97a
and melibiose concentrations between 0.25 and 16 mM for BtGH97b. 200 pL aliquots were
taken at regular time intervals over the course of 10 min, boiled for 2 min to inactivate the
enzyme, and 1 mL of the glucose oxidase/peroxidase solution was added. Assays were
otherwise performed as in the manufacturer’s instructions. Reaction rates were determined
and the data fitted to the Michaelis Menten equation in GRAFIT; substrate inhibition was
observed with BtGH97a, and a better fit was obtained by fitting to the equation V= (Viax
[SD/(Ky + [S]+ ([ST/Ki)) (where V is the rate of the reaction, [S] is the substrate
concentration and K; is the inhibition constant for the substrate).
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Figure S1. pH Dependence of keai/Kyv for BtGH97a



CAHOE880.1 Bacleroides fragilis NCTC 9343 ATCC 25285 = NCTC 9343
BAD4TS41.1 Bacteroides fragilis YCH#6

ARX16382.1 wnculured murine [arge bowe! bacterium BAC 318
AAQTI68E.1 Bacteroides thetaiotsomicron VPLE5482

—* ABQO4241.1 Flavobacterium johnsonize UW101

AAOG3827 1 Tannerelis forsythonsis ATCC #3037

CALGS384.1 Gramelia forselii K T0803

ABQO44321 Flavobacterium johnsonize UW101

ABQOT433.1 Flavobacterium johnsaniae UW101

AACH4BT1.1 Bactercides thetaiotaomicron VPLE482
-g ABR39070.1 Bacteraides vulgstus ATCC 8482 <GH97a
ABIST0261 Maricaulis maris MCS10

ABD73854 1 Saccharophagus degradans 2-40

ABLO3315.1 Shewznella amaronensis SB28

CAIB7884.1 PseudoaR haloplanktis TAC12S

ABESS5285.1 Shewanella denkriicans 05217

ABIT1627 1 Shewaneliz frigidimaring NCIMB 400

ABO23742.1 Shewanells foihica PU-4

AANSS5484.1 Shewanella oneidensis MR-1

ABIZE9S0.1 Shewaneliz sp. MR-¥

ABI43090.1 Shewaneliz sp. MR-T

ABK48162.1 Shewaneliz sp. ANA-3

ABS0B467 1 Shewanelfa batica 05185

ABNG1822.1 Shewanella barica OS155

ABX49613.1 Shewanella balica OS195

AAQTSTI0.A Bacteroides thetaiotaomicron VPLS482

CAHO7024.1 Bacleroides fragilis NCTC 9343 ATCC 25285 = NCTC 9343
BAD48072.1 Bacteroides fragilis YCHEE

ABR38328.1 smemms W&MATCC 8482

ABD26332.1 M DSRI 12444
ABFS51909.1 WW& 2iaskensis RB2256

ABCE2728.1 Enthrobacter itorafis HTCC2594

ABC45950.1 Salinibacter ruber DSM 13855, M31

CAMIO2549.1 Saccharopolyspors enythraes NRRL 2338

ABQOT334.1 Flavobacterium johnsonize UW101

AAM3TA48.1 Xanthomonas axonopodis pv. ¢Rri str. 306

CAJ24479.1 Xanthomonas campestris pv. vesic atoria str. 85-10
AAMA1744.1 Xanthomonas campestris pv. campestris str. ATCC 33913
AAYABTI N Xanthomonas campestis py. campesltris str. 3004
g CAPS1049.1 Xanthomonas campestris pv. campestris 8100
CAH03443 .1 Bacteroides fragilis NCTC 9343 ATCC 25285 = NCTC 9343
BADSO730.1 Bacteroides fragilis YCH46

CAHO08997.1 Bacteroides fragilis NCTC 9343 ATCC 25285 = NCTC 9343
BADS0235.1 Bacterokdes fragilis YCHEE

AAQTB400.1 Bacteraides Mmamcmn VPLS482

AAOTTIT2T A Bacteroides ; VPL5482

AAOT82691 Bacteroides thetaiotzamicron VPLE482

ABR38815.1 Bacteroides vulgatus ATCC 8482

ABQO7S58.1 Flavobacterium jobnsonize UW101
AAQTEIT81 Bactervides thelaiotaomicran vPr5482 4 GH9T7b
ABR42311.1 Parabacteroides distasonis ATCC 8503

ABO24164.1 Shewanella loihica FV-4

ABD81620.1 Saccharophagus degradans 2-40

ABVEES53.1 Shewanelfa pealeana ATCC 700345

ACBT73460.1 Opiutus terrae PBIO-1

CALBSE82.1 Gramella forsetii KTV803

ABQOBSS4 1 Flavobacterium fohnsonise UW101

AAQTBTEB.1 Bactoroides th VPR5482

ABR3BE97 1 Bacteroldes vulgatus ATCC 8482

AAOTETEI.1 Bacteroides thelaitaomicron VPL5482

ABR37940.1 Baclervides vulgatus ATCC 8482

ABD81759.1 Seccharophagus degradans 2-40

ABDB00521 Saccharophagus degradans 2-40

AAM3E156.1 Manthomonas axonopodis pv. ¢Rri str. 306

CAJ25162.1 Xanthomonas ¢ampestris pv. vesicaloria str. 85-10
AAY48076.1 Xanthomonas campestns pv. campestns str. 8004
AAME24331 Xanth 25 Campestnis pv. campesiris str. ATCC 33913
CAPS0362.1 Manth npestrs pv. campestns 8100
CAD78916.1 Rhodopirefiu/s balica SH 1

AAOTS2391 Bacteroides thelalotzomicron VPLS432

ABR3T847 .1 Bacteroides vulgatus ATCC 8482

ABR37863.1 Bacleroides vuigatus ATCC 8482

ABR44835.1 Parabacteroides distasonis ATCC 8503

ABR44588.1 Parabacteroides distasonis ATCC 8503

ABQOES16.1 Flavebacterium fohnsonise UW101

AAK22781.1 Caulobacter crescentus C815

ACB76497.1 Opitutus terrae PBIO-1

ABJB4405 1 Sofibacter usiatus ENinGOT76

ACDO5243.1 Akkermansiz muciniphiis ATCC BAA-835

Figure S2. Family Tree Analysis of GH97 Members
BtGH97a and BtGH97b are highlighted, which represent the inverting enzymes in blue and
the retaining enzymes in red.
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Figure S3. Calcium Coordination in the Active Site of BtGH97ain Complex with
Deoxynojirimycin



