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Figure S1 Enzymatic assay of discriminating activities from GLB1 and GALC in different samples. A) pH-dependent β-galactosidase activity (relative to the highest measured activity). B) Effect of AgNO3 (11 μM). Error range = SD, n = 3 technical replicates



Table S1 Apparent IC50 values (nM) for compounds towards CjGH35A, GBA1, and GBA2. Error range = SD, n = 2 biological replicates.
	Compound
	CjGH35A
	GBA1
	GBA2

	1 
	21.55  ± 2.14
	1,560
	3,290

	3 
	27.16 ± 1.57
	5,370
	> 10,000

	6 
	33.9 ± 2.15
	85.8
	752







Table S2 Kinetic data for compounds 1, 3 and 6 towards CjGH35A. Error range = ± SD, n = 3 biological replicates.
	
	Kinact (min-1)
	KI (μM)
	Kinact / KI
(min-1 μM-1)

	1 
	0.99 ± 0.11
	1.90 ± 0.39
	0.52 ± 0.06

	3 
	2.19 ± 0.55
	3.37 ± 1.20
	0.65 ± 0.16

	6 
	2.03 ± 0.63
	0.11 ± 0.04
	18.98 ± 5.88



[image: ] 	Comment by Qin Su: Replace the old number with consistent name with maintext	Comment by Su, Q. (Qin): Not sure should input this kinetic one or not, if yes, we need to replace new figure
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Figure S2 . Measurement of inhibition kinetic parameters by compounds 1, 3 and 6 towards CjGH35. A) Processing curves. Error range = SD, n = 3 technical replicates. B) kobs vs [I] plots, fitted with Michaelis- Menten equation. Error range = SD, n = 3 biological replicates. C) Michaelis-Menten plot of 4-MU-β-gal towards CjGH35. Error range = SD, n = 3 technical replicates
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Figure S3-1 Coomassie Brilliant Blue (CBB) of labeling of mouse kidney extracts with Cy5-ABP 6.



ABP 6 labels mouse tissue extracts
20 μg total protein from extracts of mouse kidney, brain, epididymis, testis, duodenum, and intestine were diluted in 10 μL McIlvaine buffer (150 mM, various pH from 3.0 to 7.0). Samples were then pre-incubated with 2.5 μL ABP JJB70 1 (diluted in McIlvaine buffer pH 3.0 – 7.0, 200 nM during incubation) for 30 min at 37 °C, and then 2.5 μL ABP 6 (diluted in McIlvaine buffer pH 3.0 – 7.0, 1 μM during incubation) for 30 min at 37 °C, before subjected to SDS-PAGE based fluorescent detection. 
For deglycosylation analysis, ABP labeled samples (60 μg protein diluted consecutively in 20 μL McIlvaine buffer pH 6.0 (5 min on ice), 5 μL ABP JJB70 (30 min, 37 °C) and 5 μL ABP 6 (30 min, 37 °C), at identical ABP concentrations as described) were firstly desalted using Pierce 7K polyacrylamide spin column (Thermo Fisher), and a 10 μL aliquot was treated with PNGase F according to the manufacturer’s protocol (New England BioLabs). Non-treated samples (20 μg protein diluted in 10 μL McIlvaine buffer pH 6.0) were similarly labeled with ABPs. Both the non-treated and PNGase F-treated samples were subjected to SDS-PAGE and fluorescence detection.
[image: ]

Figure S3-2 In vitro labeling with ABP 6 in mouse tissue extracts. A) pH-dependent labeling in mouse tissue extracts. B) ABP 6 Labeled mouse tissue extracts (pH 6.0) with or without deglycosylation by PNGaseF. C) Compounds (JJB70) used for the preincubation prior the incubation of ABP 6 with mouse kidney extracts
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Methods for crystallization and complex formation of CjGH35A with compound 7, data collection and structure refinement
CjGH35A was expressed and purified as in Larsbrink et al. 2 Crystals of CjGH35A were grown by the sitting drop vapour diffusion method using protein at 25 mg/ml (in 50 mM HEPES pH 7, 200 mM NaCl) mixed 1:1 with the well solution which was comprised of 2.7 M sodium acetate pH 7.4. The D-galacto-cyclophellitol ligand 7 was dissolved in water at 10 mM, and added to the drop containing crystals in a 1:1 volume ratio, giving a soak concentration of 5 mM. Crystals were fished after 2 days directly into liquid nitrogen without using cryoprotectant. Data were collected on beamline io3 at Diamond Light Source, processed using DIALS 3 and scaled with AIMLESS. 4 The structure was solved using PDB entry 4D1I 2 and REFMAC5 5, and the ligand was built using AceDRG. 6 Manual model correction and ligand placement were performed using Coot 7 followed by cycles of REFMAC5. The programs were run in the CCP4I2 interface. 8 In addition, the structure for CjGH35A in complex with compound 1 was annotated in PDB (5JAW) and has been published in previous report. 9 
Table S3 . X-ray data collection and refinement statistics of CjGH35A with 7 (PDB code: 8PEJ).
	
	CjGH35-7

	Data collection
	

	Space group
	P1

	Cell dimensions
	

	a, b, c (Å)
	99.3, 116.2, 116.4

	α, β, γ (°)
	90.2, 89.9, 90.1

	Resolution (Å)
	99.32-1.50 (1.53-1.50)

	Total no. of reflections
	2697222

	No. unique reflections
	802827

	Rsym or Rmerge
	0.043(0.467)

	Rpim
	0.043(0.467)

	CC1/2
	0.997 (0.719)

	I / σI
	10.4 (2.0)

	Completeness (%)
	96.3 (90.0)

	Redundancy
	3.4 (2.8)

	Refinement
	

	No. reflections working set
	762488

	No. reflections test set
	40267

	Rwork / Rfree
	0.16/0.18

	No. atoms
	

	Protein
	34404

	Ions
	35

	Ligands
	152

	Water
	4413

	B-factors (Å2)
	

	Protein
	24.3

	Ions
	28.1

	Ligands
	23.3

	Water
	35.1

	R.m.s. deviations
	

	Bond lengths (Å)
	0.011

	Bond angles (°)
	1.709

	Ramachandran plot residues
	

	In most favorable regions (%)
	95.7

	In allowed regions (%)
	3.1

	PDB code
	8PEJ


Table S4 . X-ray data collection and refinement statistics of CjGH35A with 1	Comment by Su, Q. (Qin): The crystallization of 5JAW in previous paper only shows the structure but no collection and refinement statistics data (which is presented here), if you don't want to include this data, just delete it.

	CjGH35A in complex with 1

	Data collection
	

	Space group 
	P1

	Cell dimensions
	

	a, b, c (Å)
	98.9, 115.8, 116.0

	α, β, γ (°)
	90.2, 90.2, 90.4

	Resolution (Å)
	81.99-1.6 (1.63-1.60)

	Rmerge
	0.080 (0.588)

	Rpim
	0.080 (0.588)

	CC(1/2)
	0.979 (0.482)

	I /σI
	6.0 (1.2)

	Completeness (%)
	95.7 (94.1)

	Redundancy
	1.8 (1.8)

	Refinement
	

	Resolution (Å)
	1.60

	No. reflections
	650665

	Rwork / Rfree
	0.20/0.21

	No. atoms
	

	   Protein
	33482

	   Ligand/ion
	125

	   Water
	1637

	B-factors (Å2)
	

	   Protein
	25

	   Ligand/ion
	20

	   Water
	28

	R.m.s. deviations
	

	   Bond lengths (Å)
	0.018

	   Bond angles (°)
	1.927

	PDB code
	5JAW


*Values in parentheses are for highest-resolution shell.
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HPLC purification was performed on an Agilent 1260 Infinity II HPLC using a reversed phase Gemini C18 column (10 x 250 mm size, particle size 5 µm) employing a 22 – 25% buffer B gradient (10 min) at a 5 mL / min flow. (Buffer A = aqueous  50 mM NH4HCO3 ; Buffer B = acetonitrile). 
HRMS was measured on a Waters Synapt G2-Si apparatus equipped with an electrospray ion source in positive mode (ESI-TOF), injection of 2 µl of a 2 µM solution via a Waters NanoEquity system, using LeuEnk (m/z=556.2771) as “lock mass”. Source voltage 3,5 kV,  at 275 oC, mass range m/z = 160-2000. Eluent used: acetonitrile : water = 1:1 (v/v), supplemented with 0.1% formic acid.
Atom numbering in β-Gal-aziridine ABP 5 used for NMR analysis:


Fraction 1 (2.77 mg after lyophilization, major isomers reported (1:1 ratio)): 1H NMR (600 MHz, MeOD) δ 8.84 (dd, J = 4.9, 1.0 Hz, 2H, Ar H-21,H-23), 7.43 (t, J = 4.9 Hz, 1H, Ar, H-22), 7.40 – 7.35 (m, 2H, Ar H-28, H-30), 7.32 (dd, J = 8.4, 1.8 Hz, 2H, Ar H-29, H-31), 4.52 – 4.47 (m, 1H, H-41), 4.46 – 4.34 (m, 2H, CH2-33), 4.28 (ddd, J = 12.0, 7.9, 4.5 Hz, 1H, H-40), 3.91 (d, J = 7.9 Hz, 0.5H, H-2), 3.87 (d, J = 7.9 Hz, 0.5H, H-2), 3.82 (ddd, J = 10.4, 7.0, 1.7 Hz, 1H, H-6), 3.79 – 3.75 (m, 1H, H-6’), 3.73 (t, J = 2.3 Hz, 1H, H-4), 3.53 – 3.36 (m, 1H, H-13), 3.27 (d, J = 3.6 Hz, 1H, H-18), 3.25 – 3.15 (m, 3H, H-3, H-13’, H-38), 3.10 (dt, J = 4.3, 1.4 Hz, 1H, H-16), 2.99 – 2.90 (m, 2H, H-14, H-39), 2.88 (d, J = 2.4 Hz, 1H, H-15), 2.71 (t, J = 12.0 Hz, 1H, H-39’), 2.50 – 2.39 (m, 1H, H-8), 2.28 (td, J = 7.3, 3.9 Hz, 2H, CH2-34), 2.22 – 2.13 (m, 1H, H-8’), 2.02 – 1.96 (m, 2H, H-1, H-5), 1.92 – 1.86 (m, 2H, CH2-19 (obscured by solvent)), 1.79 (t, J = 5.7 Hz, 1H, H-7), 1.77 – 1.53 (m, 8H, 4 x CH2), 1.50 – 1.39 (m, 7H, H-20, 3 x CH2), 1.01 (d, J = 8.5 Hz, 1H, H-20’). 13C NMR (151 MHz, MeOD) δ 176.66, 175.95 & 175.89 (C-44, C-43), 166.12 (C-42), 163.88 (C-24), 158.27 (C-21,23), 140.57 & 140.53 (C-25), 136.73 & 136.68 (C-26), 134.46 & 134.44 (C-32), 133.47 (C-27), 129.17 (C-28), 129.13 (C-30), 128.65 (C29,31), 121.20 (C-22), 114.52 (C-17), 78.44 & 78.42 (C-3), 72.53 & 72.46 (C-2), 72.32 (C-4), 63.38 (C-40), 62.65 (C-6), 61.64 & 61.62 (C-41), 60.72 & 60.68 (C-8), 57.14 & 57.04 (C-38), 48.21 (C-14), 47.91 (C-16), 44.96 & 44.94 (C-7), 44.78 (C-20), 43.79 & 43.76 (C-33), 43.02 & 43.00 (C-15), 42.50 (C-1), 41.79 (C-5), 41.10 (C-39), 40.81 (C-18), 40.78 (C-13), 36.77 & 36.60 (C-34), 33.30 (C-19), 30.55 & 30.53, 30.48, 29.80 & 29.71, 29.50 & 29.44, 28.22 & 28.18, 28.07, 26.96 & 26.85 (7 x CH2, C-9 – C-12 and C-35 – C-37). HRMS calculated for [C44H59N9O7S+H]+ 858.4331; Found 858.4331.

Fraction 2 (4.09 mg after lyophilization, major isomers reported (1:1 ratio)): 1H NMR (600 MHz, MeOD) δ 8.91 (dd, J = 4.8, 1.2 Hz, 2H, Ar H-21,H-23), 7.49 (d, J = 8.2 Hz, 2H, Ar H-28, H-30), 7.45 (tdd, J = 4.8, 2.0, 0.7 Hz, 1H, Ar, H-22), 7.36 (d, J = 8.2 Hz, 2H, Ar H-29, H-31), 4.49 (ddd, J = 7.9, 5.0, 0.9 Hz, 1H, H-41), 4.46 – 4.36 (m, 2H, H-33), 4.28 (dt, J = 7.9, 4.0 Hz, 1H, H-40), 4.17 (d, J = 3.1 Hz, 1H, H-15), 3.89 (dd, J = 9.0, 7.9 Hz, 1H, H-2), 3.84 – 3.78 (m, 1H, H-6), 3.78 – 3.74 (m, 1H, H-6’), 3.73 – 3.70 (m, 1H, H-4), 3.25 – 3.14 (m, 4H, H-3, H-13, H-14, H-38), 3.01 (m, 1H, H-13’), 2.93 (ddd, J = 12.8, 5.0, 2.2 Hz, 1H, H-39), 2.79 (d, J = 4.4 Hz, 1H, H-18), 2.71 (dd, J = 12.6, 2.2 Hz, 1H, H-39’), 2.63 (br s, 1H, H-16), 2.37 – 2.30 (m, 1H, H-8), 2.28 (t, J = 7.3 Hz, 2H, CH2-34), 2.18 (td, J = 12.5, 4.7 Hz, 1H, H-19), 2.13 – 2.03 (m, 1H, H-8’), 2.00 – 1.94 (m, 2H, H-1, H-5), 1.86 (dt, J = 12.6, 3.8 Hz, 1H, H-19’), 1.77 (dd, J = 5.7, 4.5 Hz, 1H, H-7), 1.75 – 1.58 (m, 4H, CH2-12, CH2-35), 1.57 (dd, J = 9.7, 1.7 Hz, 1H, H-20), 1.44 (p, J = 7.7 Hz, 2H, CH2-36), 1.41 – 1.27 (m, 4H, CH2-9, CH2-37), 1.26 – 1.06 (m, 4H, CH2-10, CH2-11), 1.04 (dt, J = 9.7, 2.2 Hz, 1H, H-20’). 13C NMR (151 MHz, MeOD) δ 176.78 (C-43), 175.98 (C-44), 166.13 (C-42), 160.39 & 160.38 (C-24), 158.63 (C-21,23), 143.25 & 143.23 (C-25), 141.08 (C-26), 135.72 & 135.71 (C-32), 131.85 (C-27), 129.95 (C-28,30), 128.41 (C-29,31), 122.72 (C-17), 121.10 (C-22), 78.44 & 78.43 (C-3), 72.52 & 72.51 (C-2), 72.26 (C-4), 63.37 & 63.35 (C-40), 62.61 & 62.59 (C-6), 61.62 (C-41), 60.64 (C-8), 57.06 & 57.03 (C-38), 48.20 (C-14), 45.88 (C-16), 44.92 & 44.90 (C-7), 44.41 & 44.38 (C-15), 44.19 (C-20), 43.82 (C-33), 42.46 (C-1), 41.78 & 41.76 (C-5),  41.08 (C-39), 40.33 (C-13), 39.87 (C-18), 36.75 & 36.74 (C-34), 33.92 (C-19), 30.41 (C-9), 30.29 (C-37), 29.79 & 29.77 (C-36), 29.51 & 29.48 (C-12), 28.03 & 27.99 (C-10), 27.76 & 27.73 (C-11), 26.91 & 26.89 (C-35). HRMS calculated for [C44H59N9O7S+H]+ 858.4331; Found 858.4336.

1H- and 13C-NMR for β-Gal-aziridine ABP 5 Fraction-1 in CD3OD.







1H-COSY and HSQC 2D-NMR spectra for β-Gal-aziridine ABP 5 Fraction-1 in CD3OD.







1H- and 13C-NMR for β-Gal-aziridine ABP 5 Fraction-2 in CD3OD.







1H-COSY and HSQC 2D-NMR spectra for β-Gal-aziridine ABP 5 Fraction-2 in CD3OD.
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