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Materials and General procedures

All reactions described, except otherwise specified, were performed under an atmosphere of dry nitrogen
using flame/oven-dried glassware. Thin-layer chromatography (TLC) plates used were made from
aluminum plates pre-coated with silica gel 60F-254 as the adsorbent. To aid visualization, the developed
TLC plates were exposed to UV light and/or sprayed with a solution containing 1% Ce(SO4)2 and 1.5%
molybdic acid in 10% aqueous H2SO4 and heated. Concentration and removal of trace solvents was done
with a Biichi rotary evaporator using a dry ice/acetone condenser and vacuum applied from a Biichi V-
500 pump. Automated flash chromatography on an automated system using pre-packed high-
performance RediSep Rf Gold flash columns packed with 20—40 uM spherical silica gel. All reagents,
solvents, and starting materials were purchased from Carbosynth, Sigma-Aldrich, TCI America,
Caledon, Fisher, Strem, Alfa Aesar, EMD, Anachemia, or ACP and were used without further
purification unless otherwise specified. Tetrahydrofuran (THF) was freshly distilled over Na
metal/benzophenone. 'H and '*C NMR spectra were recorded on either a Bruker 400 (400 MHz)
instrument using CDCls and CD30OD as solvents. Chemical shifts are reported in ppm downfield to
tetramethylsilane (5 0) and were measured relative to the signal of the solvent ("H NMR: CDCl3: & 7.26,
CDs0D: § 3.31; *C NMR: CDCls: § 77.16, CD30D: & 49.00). Coupling constants (J values) are given
in Hertz (Hz) and are reported to the nearest 0.1 Hz. '"H NMR spectral data are tabulated in the order:
multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br., broad), coupling constants,
number of protons were applicable. All NMR peaks were assigned using 'H-'H COSY and 'H-'*C
HSQC 2D spectra. High-resolution mass spectra were acquired on a Bruker maXis Impact TOF
LC/MS/MS system. The synthesis and characterization of compounds 3, 4, 5, 6, and 7 were previously
published.!

Synthesis of 6-fluoro-4-methylumbelliferyl B-D-melibioside
2,3,4,6-Tetra-0-acetyl-a-D-galactopyranosyl-(1—6)-2,3,4-tri-O-acetyl-ao,pB-D-glucopyranose  (S3).
D-Melibiose monohydrate (S1, a-D-galactopyranosyl-(1—6)-D-glucopyranose; 10 g, 27.8 mmol) was
dissolved in anhydrous pyridine (36 mL) and Ac2O (42 mL, 440 mmol) was added. After 72 h,
dichloromethane (500 mL) was added, and the solution was washed with 2 M HCI (2 x 200 mL). The
absence of pyridine was confirmed by TLC under UV light. The extract was then washed with NaHCOs3
(200 mL), dried over Na2SOs, and then concentrated in vacuo to yield peracetylated melibiose S2 as a
viscous oil in a quantitative yield. Melibiose octa-acetate S2 (5 g, 7.4 mmol) was then dissolved in

anhydrous dimethylformamide (30 mL) and ammonium acetate (1.15 g, 0.15 mmol) was added. After
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72 h, the reaction mixture contained no remaining starting material (TLC analysis), and dichloromethane
(100 mL) was added. This solution was washed with water (3 x 300 mL), brine, dried (Na2SOas), filtered,
and the filtrate was then concentrated in vacuo to yield a viscous oil. Purification by flash
chromatography on silica gel (3-5% MeOH in CH2Cl2) gave the hemiacetal S3 (3.2 g, 68%) as a faintly
yellow viscous oil, which was a mixture of o:p anomers in ratio ~ 7:3. (3.2 g, 68%) as a viscous oil. 'H
NMR (400 MHz, CDCl3) & 5.55 (dd, J=10.2, 9.4 Hz, 1H), 5.43 (dd, J=10.1, 3.5 Hz, 2.4H), 5.38-5.29
(m, 1.4H), 5.24 (t,J = 9.5 Hz, 0.4H), 5.16 (d, J= 3.7 Hz, 1.4H), 5.12-5.03 (m, 1.3H), 4.95 (dt, J=15.7,
9.6 Hz, 1.4H), 4.89-4.82 (m, 1.3H), 4.76 (d, J = 8.0 Hz, 0.4H), 4.37 (t, /= 6.9 Hz, 0.4H), 4.32-4.11 (m,
3.1H), 4.01 (dd, J=11.2, 7.3 Hz, 1.3H), 3.81-3.63 (m, 4.1H), 2.14 (s, 4.3H), 2.10 (m, 7.4H), 2.06-2.04
(m, 8.6H), 2.01 (s, 4.3H), 1.99 (s, 4.4H).

6-Fluoro-4-methylumbelliferyl 2,3,4,6-tetra-0-acetyl-a-D-galactopyranosyl-(1—6)-2,3,4-tri-O-
acetyl-B-D-glucopyranoside (S4). To a cooled (0°C) solution of anhydrous THF (20 mL),
triphenylphosphine (1.54 g, 5.88 mmol) and DIAD (1.2 mL, 5.88 mmol) were added and stirred
vigorously to this mixture protected melibiose hemiacetal S3 (1.25 g, 1.96 mmol) was added, followed
10 min later by the addition of 6-fluoro-4-methylumbelliferone (0.38 g, 1.96 mmol). The resulting
mixture was stirred for 1 h at 0 °C and was monitored by TLC analysis and when the starting material
had been consumed, water (100 mL) was added. The reaction mixture was dissolved in water (100 mL)
and extracted with ethyl acetate (3 x 100 mL). The combined organic layers were washed with brine,
dried (Na2SOs4), and concentrated in vacuo. The resulting crude residue was purified by flash
chromatography (45-55% ethyl acetate in hexanes) to afford the protected 6-fluoro-4-
methylumbelliferone melibioside S4 (a:p ratio 1:4) as a colorless solid (620 mg, 42%). 'H NMR (400
MHz, CDCIl3) é 7.38 (d, J = 10.7 Hz, 0.3H), 6 7.35 (d, /= 10.7 Hz, 1H), 7.16 (d, J = 6.8 Hz, OH), 7.10
(d, J=6.9 Hz, 1H), 6.26-6.20 (m, 1.3H), 5.74-5.67 (m, 0.6H), 5.38 (dd, J = 3.4, 1.3 Hz, 0.3H), 5.36—
5.25 (m, 4.3H), 5.25-5.17 (m, 1.3H), 5.16-5.08 (m, 5H), 5.00 (dd, J = 10.3, 3.7 Hz, 0.3H), 4.32 (ddd, J
=104, 6.3, 2.1 Hz, 0.3H), 4.20—4.10 (m, 1.3H), 4.09-3.98 (m, 2.5H), 3.87 (ddd, /= 9.9, 6.4, 2.3 Hz,
1H), 3.77 (m, 1.3H), 3.57 (dd, J=11.2, 2.4 Hz, 1H), 3.52 (dd, J = 11.1, 2.2 Hz, 0.3H), 2.39 (m, 3.7H),
2.15 (s, 3H), 2.13-2.10 (m, 5.3H), 2.08 (d, J = 1.8 Hz, 6.6H), 2.06 (s, 0.8H), 2.04 (m, 6.7H), 1.94 (m,
2.8H). HRMS m/z: (M + Na)" calcd for C3sH41FO20Na, 835.2067; found 835.2062.

6-Fluoro-4-methylumberiferyl a-D-galactopyranosyl-(1—6)-B-D-glucopyranoside (1) The protected
6-fluoro-4-methylumbelliferone melibioside S4 (430 mg, 0.53 mmol) was dissolved in methanol (4 mL)

and a catalytic amount of potassium carbonate (7.3 mg, 0.053 mmol) was added. The reaction mixture
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was stirred for 16 h at rt, concentrated in vacuo, and the resulting pale yellow oil was purified by flash
chromatography (15% methanol in dichloromethane) to give pure B-anomer 1 (150 mg, 55%) and a
mixture of the two anomers (57 mg, 21%) as colorless solids. Compound 1, mpt = 113-114 °C; '"H NMR
(400 MHz, CD3OD): 6 7.57 (d, J=11.2 Hz, 1H, Ar-H), 7.43 (d, /= 7.0 Hz, 1H, Ar-H), 6.30 (d, /= 1.4
Hz, 1H, Ar-H), 5.09 (d, /= 7.3 Hz, 1H, H-1"), 4.88 (d, /= 3.8 Hz, 1H, H-1), 4.08 (dd, /= 10.1, 3.3 Hz,
1H, H-3), 3.90 (dd, J=9.9, 7.1 Hz, 1H, H-6a), 3.86-3.75 (m, 4H, H-2, H-5, H-5', H-6b), 3.70 (dd, J =
3.4, 1.2 Hz, 1H, H-4), 3.65-3.47 (m, 4H, H-2', H-3', H-6a', H-6b"), 3.36 (m, 1H, H-5), 2.44 (d, /= 1.2
Hz, 3H, ~CH3); *C NMR (101 MHz, CD30D) & 163.44 (C=0), 155.34 (d, J= 2.7 Hz, Ar-C), 151.43 (d,
J=1.9 Hz, Ar-C), 150.76 (d, 'Jcr = 245.5 Hz, Ar-C), 149.85 (d, J= 12.7 Hz, Ar-C), 115.70 (d, J = 7.5
Hz,—C=CH), 113.83 (-C=CH), 112.44 (d, /= 21.8 Hz, Ar-C), 106.85 (Ar—C), 102.37 (C-1"), 100.50 (C-
1), 78.10 (C-3"), 77.14 (C-2), 74.82 (C-2"), 72.25 (C-5), 71.53 (C-4"), 71.28 (C-4), 71.24 (C-3), 69.94 (C-
5", 68.17 (C-6), 62.59 (C-6"), 18.73 (—CH3); HRMS m/z: (M + Na)" calcd for C22H27FO13Na, 541.1328;
found 541.1319.
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Scheme S1. Synthesis of 6-fluoro-4-methylumbelliferyl B-D-melibioside substrate (1) from melibiose (S1).
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Scheme S2. Assay for a-galactosidase activity using 6-fluoro-4-methylumbelliferyl B-D-melibioside as substrate.
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Scheme S3. Key distances used during the exploration of potential and free energy surfaces for the alkylation step of glycoside 3 (left)
and carbasugar 4 (right).
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Table S1: Kinetic parameters for the pH-dependent hydrolysis of substrates 1 and 2 by 7TmGalA WT. All experiments were performed
at T =37 °C, 50 mM buffer (MES buffer for pH 6.5, HEPES buffer for pH 7.0-7.5, glycylglycine buffer for pH 8.0-8.5, glycine-NaOH

buffer for pH 9.0-10.0), and 0.1% BSA.

6F4MU f-melibiose 1 4NP a-galactoside 2
pH K (uM) keat/ Km (mM™1 s71) Kn (uM) keat/ K (mM™1 s71)
6.5 10.5+0.6 183+14 66.6 7.0 273+34
7.0 6.7+£0.4 240+ 1.6 14.4+£0.7 43.6 +2.7
7.5 6.0+0.3 240+ 1.6 145+1.6 334445
8.0 12.3+£0.8 13.0+1.1 30.7+2.2 379+3.2
8.5 14.8+0.8 9.9+0.6 309+1.5 256+ 1.6
9.0 22.1+1.2 6.7+0.5 262+ 1.6 26.0+1.9
9.5 25.5+2.1 55+0.6 305+ 1.1 18.0+0.8
10.0 28.7+1.5 51+04 412+14 14.0+0.6
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Table S2: Forward primers used to generate mutant plasmids used to produce active-site variants of 7. maritima o.-galactosidase.

Variant Primer (5" to 3")

D220S TTCGAGGTCTTCCAGATAAGCGACGCCTACGAAAA

D220A TTCGAGGTCTTCCAGATAGCCGACGCCTACGAAAA

D221S TTCGAGGTCTTCCAGATAGACAGCGCCTACGAAAA

D221A TTCGAGGTCTTCCAGATAGACGCCGCCTACGAAAA

WI190F CTGGATGGTGCAGCTTCTACCATTACTTCCT
YI91F CTGGATGGTGCAGCTGGTTCCATTACTTCCT
DA427S CTGAACGACCCCAGCTGTCTGATACTG
WO65SF CTGGCAGTCCTTTGGACCGTGCAGGGT
Wo6s5Y CTGGCAGTCCTATGGACCGTGCAGGGT
C368A CATCCTCGGAGCCGGCTCTCCCCTTC
C368S CATCCTCGGATCCGGCTCTCCCCTTC

K325A | GGGCTACAGGTACTTCGCGATCGACTTTCTCTTCGCGGG

W257Y CCCGGGCATATATACCGCCCCGTTCAG

W257F CCCGGGCATATTTACCGCCCCGTTCAG
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Table S3: Melting Temperatures (Twm) obtained from the thermal denaturation of 7mGalA WT and mutants by differential scanning

fluorimetry.
Enzyme Melting Temperature (Tm) Hydrolysis of 2 ¢
WT 89.5+0.3 Y
D220S 85.1£0.0 <0.10%°¢
D220A 83.0£0.0 N.D.
D221S 87.7£0.1 Y
D221A 86.8+0.9 Y
WI190F 84.7+0.0 Y
YI19IF 68.4+1.2 ~10%
D427S 89.2+0.1 ~0.2%°¢
W65F 90.0+0.2 Y
Wo6sY 89.7%0.1 Y
C368A 89.8£0.0 Y
C368S 91.2+£0.3 Y
K325A 65.8£0.2 N.D.
W257Y 68.7£0.6 N.D.
W257F 91.5+0.1 Y

¢ Conditions HEPES buffer (50 mM, pH = 7.4, 0.1% BSA), 37 °C and [2] = 0.25 mM. ? Y = hydrolysis observed, N.D. = not
detectable. ¢ Relative to wild type TmGalA.
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Table S4: Kinetic parameters for the hydrolysis by TmGalA WT and mutant enzymes for substrates 1, 2, and 3. All experiments were
carried out at T =37 °C in 50 mM glycylglycine buffer, pH 8.0 and 0.1 % BSA.

6F4MU B-melibiose 1

4NP a-galactoside 2

DNP 2F-a-galactoside 3

Enzyme Ko (M) | kea/Km (M s7) | Ko (M) | kea/ K MM sT) | K (uM) Keat/ Km (mM! s7)
WT 12.0+ 0.4 15.6+ 0.6 30.7+2.2 39.5+3.5 318+ 10.7 9.43 +0.43
D221S 32.84 1.7 1.49+0.10 731 +28 2.08+0.12 4480 + 120 0.22+0.01
D221A 39.5+2.3 0.20 + 0.02 1100 + 89 0.34 + 0.04 3500 + 120 0.12 +0.01
W65F 123.3+5.0 1.46 +0.08 166+9.2 14.05 + 1.0 1130 + 38 1.32+0.06
W65Y 27.6+12 2.61+0.15 890 + 36 729 +0.43 942 + 75 1.70+0.19
W190F 52407 3.68 + 0.55 471+ 12 522+0.18 1280 + 45 1.16 +0.06
Y191F 61.1+2.1 0.11+0.01 1970 + 63 0.23+0.01 1190 + 39 0.08 + 0.004
C368A 793+ 1.7 2.84+0.08 1070 + 108 1.71 +£0.26 1220 + 62 0.26 + 0.02
C368S 3.8+0.1 24.8+0.9 853 +4.7 233+ 1.6 116+ 6.0 2.59+0.19
W257F 793+2.6 2.59+0.11 74.1+42 10.8+0.8 444 £ 13 0.70 + 0.03
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Table S5: Kinetic parameters for the covalent inhibition of 7mGalA WT and variants by various carbasugars. All experiments were

carried out at T =37 °C in 50 mM glycylglycine buffer, pH 8.0 and 0.1% BSA.

Carbagalactose 4 Carbagalactose 5 Carbasugar 6
TmGalA Kn (uM) keat/ Km (M1 s71) Ky (UM) keat/ Km (M1 s71) Ky (UM) keat K (M1 s71)
WT 6.25+0.43 81.3+7.1 2.17+0.16 (79.2 £ 8.0) x 10° 51.6+3.9 1660 =170
D221S 0.38 £ 0.009 187+ 1.3 764 + 75 1550 £ 95 4.52+0.46
D221A 0.32 +0.005 54.0+5.2 162 +23 2600+ 110 1.03 +£0.07
WG6SF 396 + 65 1.39+0.36 2.45+0.21 3660 + 420 30,1 +1.2 237+ 14
W6s5Y 48.8+9.8 3.29 £ 0.86 0.40 +£0.05 (11.3+1.6) x 103 63.7+3.7 66.5+5.0
WI190F 478 £ 61 1.13+£0.23 16.5+1.0 1590 + 140 895 +21 9.3+0.35
Y191F 1040 + 130 0.32+0.06 35723 409 + 36 819 + 100 1.02+0.19
C368A 158 +23 2.25+0.52 5.95+0.44 365+ 35 333 +26 5.78 £0.64
C368S 77.2+2.8 10.7 £0.58 5.02+0.53 8580 £ 1100 253+ 15 107 +9.1
W257F 109+1.1 6.69 + 0.84 4.61 £0.43 1320+ 183 118 £8.7 31.1+3.14
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Table S6: Kinetic parameters for the pH-dependent inhibition of 7TmGalA WT by a-galacto-cyclophellitol 7. All experiments were

performed at T =37 °C, 50 mM buffer (MES buffer for pH 6.5, glycylglycine buffer for pH 8.0-8.5, glycine-NaOH buffer for pH 10.0),
and 0.1% BSA.

a-galacto-cyclophellitol 7
pH K; (nM) kinac/ Ki M1 s71)
6.5 492 + 52 8.1+1.2
7.4 160 £ 21 1.0+£0.17
8.0 634 + 52 1.3+0.2
8.5 4990 + 512 0.3+0.04
10.0 14240 + 1610 0.2+0.01
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Table S7: Kinetic parameters for the covalent inhibition of 7mGalA WT and variants by a-galacto-cyclophellitol 7. All experiments
were carried out at T =37 °C in 50 mM glycylglycine buffer, pH 8.0 and 0.1% BSA.

Enzyme Ki (unM) kinac/ Ki (M1 s71)
WT 634 £ 52 1.32+0.15
D221S 2620 + 160 0.35+0.03
D221A 3490 + 260 0.11 £0.01
W65F 204+33 68.0+16.1
Wo65Y 0.34 +£0.01
W190F 2080 £ 92 0.67 £0.04

Y191F | (11.4+1.7)x10°| 0.072+0.017

C368A 0.52 +0.007
C368S 388 +43 1.85+0.27
W257F 0.23 +£0.004
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TABLE S8: Missing atom types, charges and parameters for substrate 3.

Atom Name Atom Charge (¢") Missing parameters
Type
C1 c3 0.3199 IMPROPER
€2 c3 0.1006 ca-ca-ca-os 1.1 180.0 2.0
C3 c3 0.0821
ca c3 0.1271 ca-ca-ca-ha 1.1 180.0 2.0
C5 c3 0.1001 ca-ca-ca-no 1.1 180.0 2.0
C6 c3 0.1444
c7 ca 0.2341
C8 ca -0.2050
Cc9 ca -0.0050
C10 ca -0.2132
C11 ca 0.0100
C12 ca -0.2122 o°
F2 f -0.2393 ®//
N1 no 0.3212 ca Mo
N2 no 0.3302 \0@
01 oS -0.3499 °
03 oh -0.5978
04 oh -0.5908
05 0s -0.3926
06 oh -0.5988
07 o) -0.1950
08 0 -0.1950
09 0 -0.1955
010 ) -0.1955
H1 h2 0.1027
H2 hl 0.1027 Hha
H3 hl 0.0737 o
H4 h1 0.0717 o/
H5 h1 0.0957 "\
H6 hl 0.0697 o°
H7 h1 0.0697 0:®N Hha
H8 ha 0.1740 \o
H9 ha 0.1850 °
H10 ha 0.2080
H12 ho 0.4220
H13 ho 0.4240
H14 ho 0.4170

Table S9: Missing atom types, charges and parameters for inhibitor 4.
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Atom Name Atom Charge (e Missing parameters
Type )
Cl c3 0.1385 IMPROPER
C2 c3 0.1151 c2-c3-c2-¢3 1.1 180.0 2.0
C3 c3 0.1231 c2-c3-c2-ha 1.1 180.0 2.0
C4 c3 0.1413 ca-ca-ca-os 1.1 180.0 2.0
C5 c2 -0.1422 ca-ca-ca-ha 1.1 180.0 2.0
Cé6 c3 0.1676 ca-ca-ca-no 1.1 180.0 2.0
C5a c2 -0.1502 nt ho
h1 H
COl1 ca 0.1803
CR1 ca -0.1955
CM1 ca -0.0303
CP ca -0.2182
CM2 ca -0.0303 Hha
CR2 ca -0.1955 o
0] 0S -0.3279
02 oh -0.5738 ®N//
03 oh 205778 \ o
04 oh -0.6008
06 oh -0.5968 H ha Hha
OIN 0 -0.2130
O2N 0 -0.2130
NO2 no 0.3192
HC1 hl 0.0787
HC2 hl 0.1027
HC3 hl 0.0937
HC4 hl 0.0587
Hoé6a hl 0.0337
H6b hl 0.0337 ca o°
H5a ha 0.1560 //
HO2 ho 0.4160 SNho
HO3 ho 0.4220 @\
HO4 ho 0.4120 = e
HO6 ho 0.4100
HR1 ha 0.1590
HM1 ha 0.1725
HM2 ha 0.1725
HR2 ha 0.1590
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Table S10. Cartesian coordinates (in A) of the QM atoms for the structure of the TSaik substrate 3

optimized at DFT/MM level.

Atom Coordinates
Cl 40.593 | 37.511 | 38.335
C2 41.995 | 37.795 | 37.871
C3 42.733 | 36.595 | 37.307
C4 42.549 | 35418 | 38.275
C5 41.055 | 35.143 | 38.478
C6 40.767 | 34.184 | 39.605
COl1 38.771 | 38.176 | 36.096
CR1 38.542 | 39.498 | 36.593
CM1 37.545 | 40.309 | 36.11
CP 36.711 | 39.854 | 35.072
CM2 36.896 | 38.606 | 34.508
CR2 37913 | 37.787 | 34.995
F2 41.941 | 38.824 | 36.931
NP 35.673 | 40.724 | 34.547
NR2 38.095 | 36.521 34.31
(0] 39.665 | 37.399 | 36.597
03 44.098 | 36919 | 37.177
04 43.198 | 35.717 | 39.472
05 40.294 | 36.373 | 38.827
06 39.39 | 33.837 | 39.588
OP1 35571 | 41.85 | 35.022
OP2 34951 | 40.304 | 33.653
ORI1 39.022 | 35.799 | 34.645
OR2 37.322 | 36.218 | 33.404
H1 40.014 | 38.341 | 38.736
H2 42.492 | 38.177 | 38.775
H3 42.298 | 36.316 | 36.338
H4 42961 | 34.521 | 37.791
H5 40.598 | 34.791 | 37.545
Hoé6a 41.054 | 34.661 | 40.551
H6b 41.408 | 33.306 | 39.456
HR1 39.196 | 39.866 | 37.375
HM1 37.409 | 41.306 | 36.518
HM2 36.27 | 38271 | 33.689
HO3 44.356 | 37.094 | 36.246
HO4 43.546 | 34.847 | 39.898
HO6 39.263 | 32.988 | 40.117

OH
o .. 9
0" &0
nnr QCOTNE CM1
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Table S11. Cartesian coordinates (in A) of the QM atoms for the structure of the TSai of inhibitor

4 optimized at DFT/MM level.

Atom Coordinates
Cl 43918 | 56.533 | 41.369
C2 45.112 | 56.339 | 40.493
C3 46.274 | 57.237 | 40.915
C4 45.797 58.7 40.993
C5 4449 | 58.828 | 41.767
C6 44.182 | 60.167 | 42.324
C5a 43.607 | 57.801 | 41.882
COl1 44.123 | 54.945 | 44.111
CR1 43.549 | 53.695 | 43.709
CM1 43.114 | 52.776 | 44.641
CP 43228 | 53.057 | 46.015
CM2 | 43712 | 54.307 | 46.444
CR2 44.113 | 55.236 | 45.516
(0] 44.683 | 55.762 | 43.288
02 45.523 | 54979 | 40.454
03 47.324 | 57.15 | 39.978
04 45.571 | 59.174 | 39.688
06 42.957 | 60.186 | 43.022
OIN 43.197 | 52.221 | 48.164
O2N 42.37 | 51.007 | 46.588
NO2 42.906 | 52.047 | 46.968
HC1 43.182 | 55.737 | 41.391
HC2 44773 | 56.671 | 39.502
HC3 46.618 | 56.933 | 41911
HC4 46.583 | 59.278 | 41.496
H6A 44.198 | 60.87 | 41.471
H6B 45.026 | 60.457 | 42.973
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Figure S1: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 4-nitrophenyl a-D-galactopyranoside 3 by
WT TmGalA. All experiments were performed at T = 37 °C, 50 mM buffer (MES buffer for pH 6.5, HEPES buffer for pH 7.0-7.5,
glycylglycine buffer for pH 8.0-8.5, glycine-NaOH buffer for pH 9.0-10.0), and 0.1% BSA. The solid lines are the nonlinear least

squares fit to a standard Michaelis-Menten equation.
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Figure S2: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 4-methylumbelliferyl a-D-galactopyranoside
2 by WT TmGalA. All experiments were performed at T =37 °C, 50 mM buffer (MES buffer for pH 6.5, HEPES buffer for pH 7.0-7.5,
glycylglycine buffer for pH 8.0-8.5, glycine-NaOH buffer for pH 9.0-10.0), and 0.1% BSA. The solid lines are the nonlinear least

squares fit to a modified Michaelis-Menten equation that includes a substrate inhibition term.
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Figure S3: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 6-fluoro-4-methylumbelliferyl p-D-
melibioside 1 by WT TmGalA. All experiments were performed at T = 37 °C, 50 mM buffer (MES buffer for pH 6.5, HEPES buffer
for pH 7.0-7.5, glycylglycine buffer for pH 8.0-8.5, glycine-NaOH buffer for pH 9.0-10.0), and 0.1% BSA. The solid lines are the

nonlinear least squares fit to a modified Michaelis-Menten equation that includes a substrate inhibition term.
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Figure S4: First-order loss of 7TmGalA WT activity due to time-dependent inactivation by different concentrations of a-galacto-

cyclophellitol 7 at different pH. All experiments were performed at T = 37 °C, 50 mM buffer (MES buffer for pH 6.5, glycylglycine
buffer for pH 8.0-8.5, glycine-NaOH buffer for pH 10.0), and 0.1% BSA.
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Figure S5: Michaelis Menten plot for the inactivation of TmGalA WT a-galacto-cyclophellitol 7 at different pH. All experiments were

performed at T = 37 °C, 50 mM buffer (MES buffer for pH 6.5, glycylglycine buffer for pH 8.0 and 8.5, glycine-NaOH buffer for pH

10.0, and 0.1% BSA. The solid lines are the nonlinear least squares fit to a standard Michaelis-Menten equation.
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Figure S6: First-order loss of 7mGalA WT and variant enzyme activities due to time-dependent
inactivation by different concentrations of a-galacto-cyclophellitol 7. All experiments were carried

out at T =37 °C in 50 mM glycylglycine buffer, pH 8.0 and 0.1 % BSA.
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Figure S7: Michaelis Menten plot for the inactivation of 7mGalA WT and variants by a-galacto-
cyclophellitol 7. All experiments were carried out at T =37 °C in 50 mM glycylglycine buffer, pH

8.0 and 0.1 % BSA. The solid lines are the nonlinear least squares fit to a standard Michaelis-Menten

equation.
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Figure S8: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 6-fluoro-
4-methylumbelliferyl B-D-melibioside 1. All experiments were carried out at T = 37 °C in 50 mM
glycylglycine buffer, pH 8.0 and 0.1% BSA.
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Figure S9: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 4-
nitrophenyl a-D-galactopyranoside 2. All experiments were carried out at T = 37 °C in 50 mM

glycylglycine buffer, pH 8.0 and 0.1% BSA.
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Figure S10: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the 2,4-
dinitrophenyl 2-deoxy-2-fluoro-a-D-galactopyranoside 3. All experiments were carried out at T =

37 °C in 50 mM glycylglycine buffer, pH 8.0 and 0.1% BSA.
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Figure S11: Least squares Michaelis-Menten fit of the kinetic data for the hydrolysis of the covalent

inhibitor 4. All experiments were carried out at T = 37 °C in 50 mM glycylglycine buffer, pH 8.0

and 0.1% BSA.
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Figure S12: Least squares Michaelis-Menten fit of the kinetic data for the covalent inhibition by

carbasugar S. All experiments were carried out at T =37 °C in 50 mM glycylglycine buffer, pH 8.0
and 0.1% BSA.
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Figure S13: Least squares Michaelis-Menten fit of the kinetic data for the covalent inhibition by
fluorocarbasugar 6. All experiments were carried out at T =37 °C in 50 mM glycylglycine buffer,

pH 8.0 and 0.1% BSA.
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Figure S14: Co-crystal structure of wild-type 7mGalA in complex with the reaction product
formed after turnover of carbasugar 4 (PDB 6GVD)? showing the extensive hydrogen-bonding
network with the hydrolyzed covalent inhibitor bound in the active site. Note that residues

lysine325, tyrosinel191, and arginine383 have been truncated for clarity reasons.
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Figure S15: 'H NMR spectrum of 1 in CD30D

l4 4
e

88t~
80°S /||H
ors”

WL
€L ”/
'L

SS'L—F IIM

LS°L \.
8S°L

F66'C

€01

me €
60

2101

TSV

=90°'T
60

Fort

10T
Foor

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

S30



Figure S16: °C ['H]NMR spectrum of 1 in CD30D
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Figure S17: Time dependence of RMSD computed for the backbone atoms of the protein for substrate 3. Total Energy during 10 ns
MM MD simulations performed to equilibrate the starting structure generated from the X-ray structure.
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Figure S18: Time dependence of RMSD computed for the backbone atoms of the protein for inhibitor 4. Total Energy during 10 ns
MM MD simulations performed to equilibrate the starting structure generated from the X-ray structure.
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Figure S19: Schematic representation of the active site of 7mGalA. The grey region corresponds to atoms in the QM region in

QM/MM calculations for the alkylation step of substrate 3 (left) and inhibitor 4 (right). Link atoms are indicated as black dots.
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