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[Abstract] Glucocerebrosidase (GCase) is an important enzyme for the metabolism of glycolipids. 

GCase enzyme deficiency is implicated in human disease and the efficient measurement of GCase 

activity is important for evaluating the efficacy of therapeutics targeting this enzyme. Existing 

approaches to measure GCase activity include whole blood mass spectrometry-based assays, where 

an internal standard is used to measure the accumulation of ceramide following metabolism of the 

synthetic substrate C12-glucocerebroside, and the utilisation of fluorescent probes that bind active 

GCase and/or release fluorescent metabolites upon cleavage by GCase. Here, we describe the 

application of a fluorescence-activated cell sorter-based assay to efficiently quantitate GCase enzyme 

activity in the monocyte population of human peripheral blood mononuclear cells. The cell-permeable 

GCase substrate 5-(Pentafluorobenzoylamino) Fluorescein Di-beta-D-Glucopyranoside (PFB-FDGlu) 

provides a means to measure GCase activity, whereby enzymatic cleavage yields the green-fluorescent 

PFB-F dye, detectable in the FL-1 channel of a flow cytometer. An inhibitor of lysosomal GCase activity, 

conduritol B-epoxide, is employed to ensure specificity. This protocol provides an advantageous 

approach for measuring GCase activity in living individual cells. 
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[Background] Glucocerebrosidase (GCase), encoded by the GBA1 gene, is a lysosomal hydrolase that 

converts glucosylceramide to glucose and ceramide. Loss of function homozygous, and compound 

heterozygous missense mutations in GBA1 are associated with the accumulation of glucosylceramide 

and the lysosomal storage disorder Gaucher’s disease (Sidransky, 2012). Whereas heterozygous 

mutations in GBA1 are associated with increased risk of developing the neurodegenerative movement 

disorder Parkinson’s disease (PD) (Sidransky and Lopez, 2012). While GBA1 mutations occur in 

approximately 5-15% of PD cases (Neumann et al., 2009; Sidransky et al., 2009; Lesage et al., 2011), 

reduced GCase activity is also observed in PD patients without GBA1 mutations (Murphy et al., 2014; 

Alcalay et al., 2015; Atashrazm et al., 2018), and there is increasing evidence supporting the notion that 

restoring GCase function is a valid therapeutic option for PD (Schapira 2015; Sardi et al., 2018). 

Subsequently, a number of small molecule chaperones have been described that can restore GCase 

function (Khanna et al., 2010 and 2012; Patnaik et al., 2012; McNeill et al., 2014). 

  The assessment of GCase activity in PD patients can help inform which patients may benefit from 

such therapies, by identifying those with reduced enzyme activity. Assessment of GCase activity could 

also be used to gauge the efficacy of proposed therapies to restore GCase function. The efficacy of 

chaperone-based therapies for restoring GCase function have predominantly been assessed by 
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measuring changes in GCase protein by immunoblotting, or by indirectly measuring GCase activity using 

mass spectrometry-based assays. Although these approaches have proven useful and do have 

advantages (Wolf et al., 2018), they are also limited in their ability to distinguish between blood cell types, 

assay GCase activity in intact living cells, and are potentially less clinically amenable than other 

techniques. Another current approach to measuring GCase activity involves the use of the non-natural 

substrate 4-MUG (4-Methylumbelliferyl β-D-galactopyranoside), which when cleaved by GCase 

produces the fluorescent product 4-methylumbelliferon (4-MU). However, 4-MUG is also a substrate for 

non-lysosomal GCase (encoded by GBA2) (Boot et al., 2007) requiring the purification of lysosomes or 

performing the assay at distinguishing pH to add specificity. 

  The current protocol presented here utilises a selective lysosomal GCase substrate 5-

(Pentafluorobenzoylamino) Fluorescein Di-beta-D-Glucopyranoside (PFB-FDGlu), which is metabolised 

by GCase to yield fluorescein. PFB-FDGlu is cell permeable and can be used with a flow cytometer to 

measure GCase activity in living cells on a single-cell basis. This protocol has been adapted from earlier 

studies describing and validating the use of PFB-FDGlu for assessing GCase activity, primarily in the 

context of Gaucher’s disease (Lorincz et al., 1997; van Es et al., 1997; Rudensky et al., 2003). The 

ability to combine PFB-FDGlu with other phenotypic indicators, such as a viability stain and antibodies 

to label cell surface markers is advantageous, as it enables identification of distinct target cell 

populations in which GCase activity may be modulated. 

 

Materials and Reagents 
 

1. Ethanol wipes (Livingstone, catalog number: LWMS) 

2. Plasters (Livingstone, catalog number: ASP23N) 

3. Needles 23G (BD Biosciences, catalog number: 367288) 

4. BD vacutainer one-use holders (BD Biosciences, catalog number: 364815) 

5. BD CPT sodium citrate Vacutainer Glass Cell Preparation Tubes (BD Biosciences, catalog 

number: 362782) 

6. 10 μl XL Biotix Filter Tip (Interpath, catalog number: M00119FC) 

7. 100 μl Aerosol Barrier Tip (Interpath, catalog number: 24600) 

8. 1,000 μl Aerosol Barrier Tip (Interpath, catalog number: 24800) 

9. Falcon 5 ml round bottom polystyrene test tube with cell strainer cap, 12 x 75 mm (In Vitro 

Technologies, catalog number: FAL352235) 

10. 1.5 ml EppendorfTM Safe-Lock microcentrifuge tubes (Sigma-Aldrich, catalog number: T9661) 

11. Countess cell counting chamber slides (Life Technologies, catalog number: C10312) 

12. Sterile syringe filter 0.22 µm (Millipore, catalog number: SLGVV255F) 

13. 1.5 ml and 15 ml centrifuge tubes 

14. PPE (lab coat, safety glasses, disposable gloves) 

15. MilliQ water 

16. Ice box and ice 
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17. RPMI 1640 Medium (Thermo Fisher Scientific, catalog number: 1187093) 

18. Fetal Bovine Serum (FBS) (Thermo Fisher Scientific, catalog number: 10100147) 

19. Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, catalog number: D2438) 

20. Penicillin-Streptomycin (100x) (Thermo Fisher Scientific, catalog number: 15140122) 

21. L-Glutamine (Thermo Fisher Scientific, catalog number: 25030081) 

22. CD3 for T-lymphocytes (BD Biosciences, catalog number: 560365) 

23. CD19 for B-lymphocytes (BD Biosciences, catalog number: 555415) 

24. CD16 for non-classical monocytes (BD Biosciences, catalog number: 560475) 

25. 5-(Pentafluorobenzoylamino) Fluorescein Di-beta-D-Glucopyranoside (PFB-FDGlu) (Thermo 

Fisher Scientific, catalog number: P11947) 

26. PE-Cy7 Mouse Anti-Human CD14 antibody (BD Biosciences, catalog number: 557742) 

27. PE-Cy7 Mouse IgG2a, k Isotype Control (BD Biosciences, catalog number: 557907) 

28. 1x DPBS (Ca2+/Mg2+ free) (Thermo Fisher Scientific, catalog number: 14190144) 

29. 1 M HEPES (Sigma-Aldrich, catalog number: H0887) 

30. Ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA) (Merck, catalog number: 

E5134) 

31. Sodium Hydroxide (NaOH) (Merck, catalog number: 221465) 

32. Trypan blue 0.4% (Thermo Fisher Scientific, catalog number: T10282) 

33. Culture media (500 ml) (see Recipes) 

34. 0.1 M EDTA solution (500 ml) (see Recipes) 

35. Fluorescence-activated cell sorting (FACS) Buffer (500 ml) (see Recipes) 

36. CBE 50 mM stock solution (see Recipes) (Sigma-Aldrich, catalog number: C5424-5MG) 

37. PFB-FDGlu 37.5 mM stock solution (see Recipes) 

 

Equipment 
 

1. Tube rack to hold 1.5, 5, 15 ml tubes 

2. Class II Biosafety cabinet 

3. Micropipettes (P10, P100, P1000) 

4. S1 Pipette Filler (Thermo Fisher Scientific, catalog number: 9521) 

5. Heraeus Multifuge X1 Centrifuge with inserts for 15 ml conical tubes (Thermo Fisher Scientific) 

6. Centrifuge (Eppendorf, model: 5415 R) 

7. Countess II FL automated cell counter (Thermo Fisher Scientific) 

8. Hotplate magnetic stirrer 

9. Magnetic stir bar 

10. Magnetic stirring pad 

11. pH meter 

12. 4 °C refrigerator 

13. -20 °C freezer 
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14. 37 °C 5% CO2 incubator 

15. Vortex 

16. Flow cytometer equipped with a 488 nm laser and 530 nm-FITC filter (i.e., BD LSR Fortessa X-

20) 

17. Computer for analysis 

 

Software 
 

1. BD FACSDivaTM software (BD Biosciences) 

2. FlowJo software (Tree Star, OR, USA) 

3. GraphPad Prism software (GraphPad Software Inc., CA, USA) 

 

Procedure 
 

A. Aseptic technique 

Conduct experiments in a class II biological safety cabinet using appropriate PPE to maintain safety 

and sterility. 

 

B. Isolation of human peripheral blood mononuclear cells (PBMC) 

1. Perform venepuncture with the arm in a downward position. Collect venous blood into 8 ml BD 

Vacutainer Cell Preparation Tubes (CPT), keeping tubes upright following blood collection. 

Immediately prior to centrifugation, invert tubes 8 times to remix the blood sample. 

2. Centrifuge at 1,800 x g for 20 min at room temperature (21 °C) in a swing bucket centrifuge with 

acceleration and deceleration set at 9. 

3. Collect PBMC layer with sterile glass pipette (whitish layer just beneath the plasma) and transfer 

to a 15 ml tube. For more specific details and images on collecting the PBMC layer from CPT 

tubes please refer to the following Bio-protocol publication https://bio-protocol.org/e2103 (Puleo 

et al., 2017). 

4. Add room temperature 1x DPBS to bring volume to 15 ml and invert tube 5 times, followed by 

centrifugation for 15 min at 300 x g at room temperature. 

5. Aspirate supernatant and resuspend pellet in 10 ml of warmed (37 °C) culture media for cell 

counting. 

6. Dilute PBMC suspension 1:1 in Trypan blue, transfer mixture to a cell counting chamber slide, 

and count PBMCs using an automated cell counter. 

7. Determine the required volume to obtain 1 x 106 cells. 

Note: Cell Preparation Tubes should be centrifuged within 2 h of blood collection as GCase activity 

declines if blood is left longer. 
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C. Distribution of PBMCs into Eppendorf tubes 

1. Add 1 x 106 PBMCs per Eppendorf tube, with a total of three Eppendorf tubes for each subject, 

as shown in Table 1. One tube receives CBE (tube 1) and one tube receives DMSO (tube 2), 

with each of these followed by the addition of PFB-FDGlu substrate. The third tube is an isotype 

control. 

 

Table 1. Distribution of PBMCs into Eppendorf tubes 

Tube CBE DMSO PFB-FDGlu 

1 + - + 

2 - + + 

3 - - - 

 

D. Addition of CBE or DMSO to appropriate tubes 

1. Centrifuge tubes at 300 x g for 5 min at room temperature and decant supernatant. 

2. Gently resuspend cells in 96 μl of culture media. 

3. Add 2 μl of 50 mM CBE stock solution into tube 1 to achieve a final concentration of 1 mM, and 

add 2 μl of DMSO into tube 2. 

4. Vortex tubes gently to mix. 

5. Incubate at 37 °C with 5% CO2 for 60 min. 

 

E. Addition of PFB-FDGlu substrate to appropriate tubes 

1. Following the 60 min incubation, add 2 μl of 37.5 mM PFB-FDGlu stock solution into tubes 1 

and 2 to achieve a final concentration of 0.75 mM. 

2. Vortex tubes gently to mix. 

3. Incubate at 37 °C with 5% CO2 for 30 min. 

Note: If adapting this protocol for cell types other than PBMCs it is recommended to perform time 

course experiments to ensure the assay remains in the linear range. 

 

F. Termination of reaction 

1. To terminate the reaction, add 1 ml of ice-cold FACS buffer. 

2. Pellet cells via centrifugation at 300 x g for 5 min at 4 °C and decant supernatant. 

 

G. Staining for CD14 positive monocytes 

1. Resuspend cells in 95 μl of ice-cold flow buffer and add 5 μl of anti-CD14 antibody into tubes 1 

and 2. 

2. Add 5 μl of isotype control antibody into tube 3 if using BD. For other brands of isotype control, 

ensure usage at the same concentration as the BD anti-CD14 antibody. 

3. Vortex tubes gently to mix. 

4. Incubate for 20 min at 4 °C, protected from light. 
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5. Add 1 ml of FACS buffer to tubes, centrifuge at 300 x g for 5 min at 4 °C, and discard supernatant. 

6. Resuspend cells in 350 μl FACS buffer. 

7. Pass each cell suspension through the cell strainer cap into the 5 ml polypropylene tube 

compatible with the flow cytometer.  

8. Store tubes shielded from light at 4 °C until flow cytometry data acquisition. 

Note: Other surface marker antibodies for lymphocyte or monocyte populations can be included. 

Antibodies we have successfully used are CD3 for T-lymphocytes, CD19 for B-lymphocytes and 

CD16 for non-classical monocytes. However, fixing the cells and performing intracellular staining is 

detrimental to the PFB-FDGlu signal and not recommended. 

 

H. Data acquisition 

1. Acquire data on a BD LSR Fortessa X-20 Cell Analyser using FACSDiva or equivalent cytometer 

and software, collecting a minimum of 50,000 events per tube. 

2. Export FCS files from FACSDiva software. 

 

Data analysis 
 

A Gating strategy 

1. Analyse FCS files using FlowJo software. To remain objective, create the gates described below 

using tube 3 (isotype control tube), and then apply the gates to tubes 1 and 2 by selecting and 

dragging the gate series to the “All Samples” tab under the “Group” tab. 

2. Firstly, perform doublet and debris exclusion by plotting area against height for forward scatter 

(FSC: Figure 1A), and then for side scatter (SSC: Figure 1B), to ensure only single cells are 

included in the analysis. Label these “singlets FSC” and “singlets SSC”, respectively. 

3. Use FSC (size) and SSC (granularity) parameters to gate the mononuclear cell population 

(Figure 1C), and label this “mononuclear cells”. 

4. Next, plot CD14-PE-Cy7 fluorescence against SSC-A and select the CD14-positive population 

(Figure 1D), from which GCase activity will be measured. The isotype negative control tube can 

be used to identify and eliminate non-specific binding of the antibody, as any signal above 

isotype control signal can be interpreted as true CD14 positive fluorescence. Label the CD14 

positive population as “CD14+ monocytes”. 
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Figure 1. Representative biaxial flow cytometry plots depicting the gating strategy used 
to assess GCase activity in live monocytes. Events were acquired using a BD LSR Fortessa 

Cell Analyser. First, two singlet gates were made, using FSC (A) and SSC (B), followed by 

gating on PBMCs (C), and then CD14+ monocytes (D). The median fluorescence intensity 

resulting from PFB-FDGlu metabolism within the monocyte population was then quantified (E). 

 

B Calculating GCase activity 

Express GCase activity as an index, obtained by dividing the median fluorescence intensity of cells 

treated without CBE by the median fluorescence intensity of cells treated with CBE. To find the 

median fluorescence intensity resulting from PFB-FDGlu metabolism in each tube, right-click on the 

“CD14+ monocytes” tab under the tube name, click “Add Statistic”, and then co-select “Median” and 

“FL1-A” (or equivalent channel used to detect PFB-FDGlu fluorescence). Click “Add”, and a tab 

displaying the median fluorescence intensity of PFB-FDGlu metabolism will appear under the 

“CD14+ monocytes” tab. 

 

C Statistical analysis 

Perform statistical analyses using GraphPad Prism software to compare the GCase activity index 

between groups of interest. As an example, in our original research article (Atashrazm et al., 2018) 

analyses were performed to compare GCase activity between PD patients (n = 48) and healthy 

controls (n = 44) and this data can be found in Figure 3F. 

 

Notes 
 

1. This assay may also be performed on PBMCs which have been cryopreserved. We recommend 

a recovery incubation period of ~2 h upon thawing, prior to beginning the assay. 
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2. We have experienced large variation with different lots of PFB-FDGlu and recommend using a 

single lot number per experiment. 

3. We have also experienced a decline in PFB-FDGlu performance with prolonged storage after 

reconstitution. We recommend using reconstituted PFB-FDGlu within 1 week. 

 

Recipes 
 

1. Culture media (500 ml) 

a. Combine 440 ml of RPMI 1640 with 5 ml of penicillin/streptomycin 100x, 5 ml of L-Glutamine, 

and 50 ml of fetal bovine serum 

b. Filter sterilize and store at 4 °C for up to one month 

2. 0.1 M EDTA solution (500 ml) 

a. Combine 18.61 g of EDTA with 500 ml MilliQ Water, using a magnetic stirring pad with 

heating to dissolve 

b. Adjust pH to reach 8.0 using sodium hydroxide (NaOH) 

c. Autoclave at 125 °C for 25 min to sterilize 

d. Store at room temperate for several months 

3. Fluorescence-activated cell sorting (FACS) Buffer (500 ml) 

a. Combine DPBS (Ca2+/Mg2+ free) with 1 mM EDTA, 25 mM HEPES, and 5% v/v FBS to 

produce FACS buffer 

b. Filter sterilize and store at 4 °C for several months 

4. CBE 50 mM stock solution 

a. Bring one 5 mg vial of CBE to room temperature and aseptically combine with 616.9 μl 

DMSO to achieve a stock solution of 50 mM 

b. Store as single use aliquots at -20 °C for several months 

5. PFB-FDGlu 37.5 mM stock solution 

a. Bring one 5 mg vial of PFB-FDGlu to room temperature and aseptically combine with  

154 μl dimethyl sulfoxide (DMSO) to achieve a stock solution of 37.5 mM 

b. Store as single use aliquots at -20 °C for no longer than one week 
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