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Abstract 
 
Acid ceramidase (aCDase) is a lysosomal amidase that catalyzes the hydrolysis of sphingolipids (SphL), including ceramides 
and glucosylceramides. Altered expressions of aCDase are associated with several pathological conditions, such as cancer, 
inflammation, pain, and pulmonary disorders. aCDase activity is reduced in Farber disease, spinal muscular atrophy with 
progressive myoclonic epilepsy, diabetes, and cardiovascular disease. Recent reports suggest that aCDase inhibition may be 
an emerging strategy for treating several SphL-related neurodegenerative conditions, such as Krabbe, Gaucher, and 
Parkinson’s disease, due to its role in the accumulation of glycosphingolipids. Therefore, the development of a tissue-based 
aCDase activity assay has potential applications in clinical diagnostics and drug discovery, enabling the evaluation of the 
onset and progression of disease from biological samples of patients, drug-target engagement analysis, and identification of 
biomarkers. Here, we report a detailed protocol for detecting aCDase activity in tissue lysates, using Rbm14-12 as a specific 
fluorogenic substrate for aCDase. Assay protocol optimization, including a procedure for the preparation and storage of 
tissue lysates and the identification of optimal protein tissue lysate amounts and substrate concentrations based on kinetic 
enzymatic parameter analyses, is described. 
 
 

Key features 
• This protocol relies on the use of the Rbm14-12 fluorogenic substrate. 
• This protocol was developed out of a need to measure the target engagement of an aCDase-targeting therapeutic in a 

Parkinson’s disease-related animal model. 
• This protocol can be broadly useful for sensitively measuring aCDase activity in central and peripheral organ tissues. 
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Graphical overview 
 

 
 
Overview of the fluorogenic tissue-based assessment of acid ceramidase activity methodology. MeOH, methanol; 
NaIO4, sodium periodate; NaOH, sodium hydroxide. NaIO4 solution is prepared in glycine/NaOH buffer (pH 10.6). Created 
with BioRender.com. 
 
 

Background 
 
Acid ceramidase (aCDase, encoded by the ASAH1 gene) is a cysteine amidase that hydrolyzes ceramides (Cer) to generate 
sphingosine and fatty acids. aCDase can also deacylate glucosylceramides (GlcCer) to form glucosylsphingosine (GlcSph) 
[1–5]. aCDase is localized within the lysosomal compartments and has a pH optimum of 4.5 to 5.0 [6–8]. Mutations in the 
ASAH1 gene associate with lysosomal storage disorder, Farber disease (FD), and spinal muscular atrophy with progressive 
myoclonic epilepsy (SMA-PME) [9]. In the presence of mutant ASAH1, aCDase activity is reduced, leading to the buildup 
of lysosomal Cer in cells throughout the body [10]. 
Diagnosing FD based on assays that determine aCDase activity has been challenging, often requiring the use of radiolabeled 
substrates, specialized equipment, non-selectivity, and significant amounts of biological material, which is not always 
feasible [11,12]. A cell-based aCDase activity assay was previously developed using the fluorogenic Rbm14–12 substrate 
and a series of FD patient-derived cell lines, demonstrating its usefulness for diagnosing FD [13]. According to this previous 
protocol, aCDase hydrolyzes the amide bond of Rbm14-12 to form an aminodiol, which is oxidized by sodium periodate; 
the oxidized product (aldehyde) then undergoes β-elimination at basic pH, leading to the release of umbelliferone, a 
fluorescent coumarin-derived compound that can be measured with a microplate reader [13]. 
Evaluating aCDase activity has implications beyond FD and SMA-PME. In recent years, ASAH1 expression and aCDase 
activity have been studied in the context of oncology, notably due to the overexpression of ASAH1 in various tumor types 
[14–16]. aCDase activity has also been studied in the context of cardiovascular disease, as well as in aging, immunity, 
diabetes, and inflammation [17–20]. Most recently, aCDase has also been investigated for its role in some neurological 
disorders, such as Gaucher disease, Krabbe disease, Alzheimer’s disease, and Parkinson’s disease, due to its potential role 
in the accumulation of neurotoxic glycosphingolipids [21–24]. With the increasing relevance of aCDase in a variety of 
diseases, being able to accurately detect its activity in tissue lysates is fundamental. aCDase activity measurements are 
particularly valuable in preclinical validation studies in a variety of disease animal models to predict the clinical translation 
of targeting aCDase as a valuable therapeutic strategy. 
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Here, we describe a protocol for a tissue-based aCDase activity assay using the Rbm14-12 fluorogenic substrate. We 
optimized this protocol to measure aCDase activity in the brain of a Parkinson’s disease mouse model. This cost-effective, 
not laborious, and efficient aCDase activity assay has broad applicability for a variety of tissue types and animal models. 
The specific reagents needed for tissue homogenization, the optimal protein tissue lysate, and Rbm14-12 substrate 
concentrations were all determined in brain tissue lysates of GBA1+/+ wild-type (WT) mice. Key considerations for 
optimizing the assay for other tissue types are included. 
 
 

Materials and reagents 
 
Biological materials 
 
1. GBA1+/+ mouse brain tissue (WT mice, offspring of GBA1+/L444P heterozygotes originally obtained from the University 
of North Carolina at Chapel Hill Mutant Mouse Resource and Research Center, catalog number/origin: MMRRC-000117) 
 
Reagents 
 
1. Dimethyl sulfoxide (DMSO) (Fisher Scientific, catalog number: D12345) 
2. D-Sucrose (Fisher Scientific, catalog number: BP220-10) 
3. EDTA (0.5 M, pH 8.0) (Fisher Scientific, catalog number: 15575020) 
4. Glycine (Fisher Scientific, catalog number: BP381-500) 
5. MeOH (Fisher Scientific, catalog number: A411-4) 
6. Sodium periodate (NaIO4) (Millipore Sigma, catalog number: 311448-5G) 
7. Pierce BCA Protein Assay kit (Fisher Scientific, catalog number: 23225) 
8. Rbm14-12 substrate (Avanti Polar Lipids, catalog number: A86855) 
9. Sodium acetate (1 M, pH 4.5) (Fisher Scientific, catalog number: J63669.AE) 
10. Sodium chloride (NaCl) (Fisher Scientific, catalog number: BP358-212) 
11. Sodium hydroxide (NaOH) (1 M) (Fisher Scientific, catalog number: SS266-1) 
12. Tris base (Fisher Scientific, catalog number: BP152-500) 
13. Umbelliferone (Millipore Sigma, catalog number: H24003) 
 
Solutions 
 
1. Assay solution (see Recipes) 
2. Detergent-free lysis buffer (see Recipes) 
3. 100 mM glycine/NaOH buffer (see Recipes) 
4. 4 mM Rbm14-12 substrate stock solution (see Recipes) 
5. 25 mM Sodium acetate buffer (see Recipes) 
6. 2.5 mg/mL NaIO4 solution (see Recipes) 
7. 0.2 M sucrose solution (see Recipes) 
8. 5 mM umbelliferone stock solution (see Recipes) 
 
Recipes 
 
1. Assay solution (per well) 

Reagent Final concentration Volume 
25 mM sodium acetate 18.6 mM 74.875 μL 
Rbm14-12 substrate stock solution 5 μM* 0.125 μL 
Fixed amount of protein 10 μg* 25 μL 
Total n/a 100 μL 

*Conditions are to be optimized by the experimenter based on tissue type and animal model. See the aCDase activity assay 
reagent calculator in Supplementary information, Template 1, to easily calculate the amount of 4 mM Rbm14-12 substrate 
and the volume of 25 mM sodium acetate required to prepare the desired substrate concentration. For example, for a desired 
Rbm14-12 substrate concentration of 5 μM, 0.125 μL of 4 mM Rbm14-12 stock solution would be required per 100 μL of 
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total volume. This can be scaled up using the aCDase activity assay reagent calculator in Template 1, so that a multi-channel 
pipette can be used to add 75 μL of assay solution to each necessary well.  
The assay solution should be made fresh the day of the experiment. 
 
2. Detergent-free lysis buffer 

Reagent Final concentration Volume 
Tris, pH 8.0 50 mM 2.5 mL 
5 M NaCl 150 mM 1.5 mL 
0.5 M EDTA, pH 8.0 5 mM 0.5 mL 
MilliQ water n/a 45.5 mL 
Total n/a 50 mL 

The detergent-free lysis buffer can be stored at room temperature (20–25 °C) for long-term storage. Collected protein 
supernatants using the detergent-free lysis buffer can be stored at -80 °C for long-term storage. Please note that protease and 
phosphatase inhibitors are omitted from the lysis buffer. To prevent any changes in enzyme stability, it is recommended to 
use chilled buffers, keep samples on ice, and work as quickly as possible while maintaining accuracy. 
 
3. 100 mM glycine/NaOH buffer 

Reagent Final concentration Amount or volume 
Glycine n/a 1.875 g 
MilliQ water n/a 200 mL 
1 M NaOH n/a to adjust pH to 10.6 
MilliQ water n/a Bring to 250 mL 
Total 100 mM 250 mL 

The 100 mM glycine/NaOH buffer should be stored at 4 °C for up to two weeks, as long as the pH remains stable and 
unchanged. Please note that it is recommended to add 1.875 g of glycine to 200 mL of MilliQ water. Adjust the pH to 10.6 
by slowly adding 1 M NaOH while stirring. After the solution reaches a pH of 10.6 based on the pH meter, add enough 
MilliQ water to bring the final volume to 250 mL. Mix thoroughly and verify the pH, adjusting if necessary. 
 
4. 4 mM Rbm14-12 substrate stock solution 

Reagent Final concentration Amount or volume 
Rbm14-12 4 mM 1 mg 
DMSO n/a 541.6 μL 

Due to the volatility of ethanol (EtOH), it is recommended to dissolve Rbm14-12 in DMSO, rather than EtOH. The Rbm14-
12 substrate stock solution in DMSO (4 mM) should be stored at -20 °C for <1 month in an amber glass vial wrapped in foil. 
It is recommended to aliquot the DMSO stock solutions of Rbm14-12 prior to storage to minimize freeze-thaw cycles. 
 
5. 25 mM sodium acetate buffer 

Reagent Final concentration Amount or volume 
1 M sodium acetate, pH 4.5 25 mM 1.25 mL 
MilliQ water n/a 48.75 mL 
Total 25 mM 50 mL 

The 25 mM sodium acetate buffer can either be stored at 4 °C or room temperature (20–25 °C) for up to two weeks, as long 
as the pH (4.5) remains stable and unchanged. 
 
6. 2.5 mg/mL NaIO4 solution 

Reagent Final concentration Amount or volume 
NaIO4 2.5 mg/mL 2.5 mg 
100 mM glycine/NaOH buffer 1 mL 1 mL 

The 2.5 mg/mL NaIO4 solution should be made fresh the day of the experiment. 
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7. 0.2 M sucrose solution 
Reagent Final concentration Volume 
1 M sucrose 0.2 M 12.5 mL 
MilliQ water n/a 50 mL 
Total n/a 62.5 mL 

The 0.2 M sucrose solution can be stored at 4 °C for up to two weeks, as long as the pH (6.0–6.5) remains stable and 
unchanged. Please note: to prepare the 1 M sucrose used for the final 0.2 M sucrose solution, 17.12 g of sucrose is dissolved 
in 250 mL of MilliQ water. The remaining 1 M sucrose solution that is not used can either be discarded or stored at 4 °C for 
up to two weeks.  
 
8. 5 mM umbelliferone stock solution 

Reagent Final concentration Amount or volume 
Umbelliferone 5 mM 0.81 mg 
DMSO n/a 1 mL 

Due to the volatility of EtOH, it is recommended to dissolve umbelliferone in DMSO, rather than EtOH. The umbelliferone 
stock solution in DMSO (5 mM) should be stored at -20 °C for long-term storage. It is recommended to aliquot the DMSO 
stock solutions of umbelliferone prior to storage at -20 °C to minimize freeze-thaw cycles.  
 
Laboratory supplies 
 
1. Amber glass vial (Millipore Sigma, catalog number: 27046-U) 
2. Black, flat-bottomed 96-well plate (Fisher Scientific, catalog number: M33090) 
3. Microcentrifuge tubes (1.5 mL) (Fisher Scientific, catalog number: 05-408-130) 
4. Microcentrifuge tubes (0.6 mL) (Fisher Scientific, catalog number: 05-408-120) 
5. Motorized tissue grinder (Fisher Scientific, catalog number: 12-141-361) 
6. Pellet pestles (Fisher Scientific, catalog number: 749521-1500) 
 
 

Equipment 
 
1. Microcentrifuge (Fisher Scientific, catalog number: 75002446, model: Sorvall Legend Micro 21R) 
2. Microplate reader for BCA (Agilent Technologies, catalog number: 209924, model: BioTek Synergy 2 SL) 
3. Microplate reader for umbelliferone detection (Molecular Devices, model: SpectraMax iD3) 
 
 

Procedure 
 
A. Preparation of tissue lysates 
 
1. Add pre-chilled detergent-free lysis buffer (10 μL of buffer per mg of tissue) to frozen tissue in a 1.5 mL microcentrifuge 
tube and homogenize using the preferred method. 
Notes: 
1. For reference, approximately 30–35 mg of cortex tissue will yield a protein concentration of approximately 10 μg/µL, 
40–50 mg of liver tissue will yield a protein concentration of approximately 25 μg/µL, and 10–20 mg of spleen tissue will 
yield a protein concentration of approximately 12 μg/µL. These tissue amounts are typically enough to detect sufficient 
enzyme activity (e.g., signal-to-background ratio ≥ 5). 
2. This protocol was optimized using frozen tissue, but freshly isolated tissue can be used based on the experimenter’s needs. 
3. While optimizing this protocol, a mini handheld motorized tissue grinder was used; tissues were homogenized for 30 s 
and then immediately placed on ice until the next centrifugation step. However, this can be adapted per the experimenter’s 
available resources. For example, a tabletop bead mill homogenizer or probe tip sonicator (e.g., sonicate 10 times total, 1 
s on, 1 s off at 20% power; immediately place samples back on ice) could be used instead. 
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2. To prevent tissue degradation, immediately place tissue homogenate on ice until all tissue samples are homogenized and 
ready for centrifugation. 
3. Once all samples are homogenized, centrifuge tissue homogenates at 5,000× g for 10 min at 4 °C. 
Pause point: If performing the aCDase activity assay immediately, keep supernatants on ice and use the Pierce BCA Protein 
Assay kit to determine the protein concentration (µg/µL) of the supernatants. Dilute samples in 0.6 mL microcentrifuge 
tubes to the desired concentration (e.g., 10 μg per 25 μL of solution added to each well) using cold 0.2 M sucrose solution. 
If the experimenter intends to perform the aCDase activity assay at a later time point, store supernatants at -80 °C. 
Notes:  
1. It is not recommended to store samples diluted in 0.2 M sucrose solution for future use. Experimenters should either use 
freshly diluted samples for the enzyme assay or store the supernatants until ready to prepare fresh sample dilutions and 
perform the assay.  
2. It is not recommended to analyze supernatants after multiple freeze-thaw cycles, as this could potentially lead to loss of 
enzyme activity (e.g., indicated by a lower signal-to-background ratio). To avoid this issue, store single-use sample aliquots 
at -80 °C for future use. 
 
B. Preparation of standard curve 
 
1. Serially dilute 5 mM umbelliferone stock in 1.5 mL microcentrifuge tubes using DMSO to prepare standard curve stock 
solutions (Table 1). 
2. Dilute the stock solutions 200× to generate the final 1× standard curve by combining with 25 mM sodium acetate buffer 
and 0.2 M sucrose solution (Table 2). 
Notes:  
1. The included recipe (Table 2) makes a total volume of 100 μL and is sufficient for the plating of one well per standard 
curve point. It is recommended to triple the recipe, e.g., combine 1.5 μL of umbelliferone stock solution, 223.5 μL of 25 mM 
sodium acetate buffer, and 75 μL of 0.2 M sucrose solution in a 1.5 mL microcentrifuge tube, so each standard curve point 
can be plated in duplicate, and pipetting errors that could potentially occur with small volumes (e.g., 0.5 μL) can be 
prevented. 
2. The range of the 1× standard curve might need to be adapted based on the experimenter’s needs. For example, a standard 
curve range of 0–200 μM was required for GBA1+/+ tissue, but this range might need to be adjusted based on aCDase 
expression in different animal models and/or tissue types. For this reason, a larger range of 200× standard curve stock is 
provided to aid in the adaptability of this protocol. 
 
3. Plate 100 μL of each standard curve point in duplicate into a 96-well plate. 
 
Table 1. Preparation of standard curve stock solutions 

Tube Volume and source of 
umbelliferone (μL) Volume of DMSO (μL) Final stock concentration (µM) 

A 1,000 of 5 mM stock 0 5,000 
B 400 of Tube A 100 4,000 
C 250 of Tube B 250 2,000 
D 250 of Tube C 250 1,000 
E 250 of Tube D 250 500 
F* 200 of Tube E 300 200 
G* 250 of Tube F 250 100 
H* 250 of Tube G 250 50 
I* 300 of Tube H 200 30 
J* 333.3 of Tube I 166.7 20 
K* 250 of Tube J 250 10 
L* 250 of Tube K 250 5 

*Tubes F–L will be further diluted to prepare the final 1× standard curve. 
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Table 2. Preparation of the final 1× standard curve 
Starting stock 
concentration (µM) 

Volume of stock 
solution (μL) 

Volume of 25 mM 
sodium acetate (μL) 

Volume of 0.2 M 
sucrose (μL) 

Final standard 
concentration (µM) 

200 0.5 of Tube F 74.5 25 1 
100 0.5 of Tube G 74.5 25 0.500 
50 0.5 of Tube H 74.5 25 0.250 
30 0.5 of Tube I 74.5 25 0.150 
20 0.5 of Tube J 74.5 25 0.100 
10 0.5 of Tube K 74.5 25 0.050 
5 0.5 of Tube L 74.5 25 0.025 
0 0.5 of DMSO 74.5 25 0 

 
C. Fluorogenic assessment of aCDase activity in tissue lysates 
 
1. Plate 100 μL of each standard curve point in duplicate to a black flat-bottomed 96-well plate. 
2. Plate 25 μL of sample (tissue lysate diluted in 0.2 M sucrose solution) in triplicate. 
3. Plate 25 μL of a sample blank in triplicate consisting of 0.2 M sucrose solution without protein. 
Note: As an alternative experimental design, the experimenter can plate a sample blank consisting of protein in 0.2 M 
sucrose; then, 25 mM sodium acetate buffer without Rbm14–12 substrate can be added to the wells. This could be useful if 
the experimenter intends to use this protocol to test different tissue types that have higher baseline levels of autofluorescence 
(e.g., kidney tissue). 
 
4. Using a multi-channel pipette, add 75 μL of room temperature (20–25 °C) assay solution (e.g., 5 μM Rbm14-12 
substrate/25 mM sodium acetate buffer) to each sample and to the sample blank well. 
Notes:  
1. It is important that the assay solution (Rbm14-12 substrate/25 mM sodium acetate buffer) is only added to the sample 
and sample blank wells; this solution is not added to the standard curve wells. 
2. The components in each well are not mixed by pipetting; each solution is added directly to each well without agitation, 
preventing the generation of bubbles. The total volume of all wells is 100 μL. 
 
5. Protect the plate from light using aluminum foil and incubate the plate at 37 °C for 3 h without agitation. 
6. After 3 h, use a multi-channel pipette to add 50 μL of MeOH, including the standard curve wells. 
7. After adding MeOH, immediately add 100 μL of room temperature (20–25 °C) NaIO4 solution to all wells, including the 
standard curve wells. 
Note: The final total volume of all wells is 250 μL. 
 
8. Protect the plate from light using aluminum foil and incubate the plate at 37 °C for 1 h without agitation. 
Note: The components in each well are not mixed by pipetting; each solution is added directly to each well without agitation, 
preventing the generation of bubbles. 
 
9. After 1 h, measure the released fluorescence using a microplate fluorescence reader (excitation: 360 nm; emission: 446 
nm). 
10. Calculate the amount of released umbelliferone from the fluorescence intensity using the calibration standard curve with 
umbelliferone (for an example, see Figure 1). 
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Figure 1. Umbelliferone standard curve. (A) Relative fluorescence units (RFU) (n = 2). The simple linear regression 
parameters were y-intercept = 1808, m = 59224, and R2 = 0.9995. (B) Normalized fluorescence signal, or the difference 
between RFU and the standard curve blank (a solution without umbelliferone containing the same 25 mM sodium acetate 
and 0.2 M sucrose solution). The simple linear regression parameters were y-intercept = 321.7, m = 59224, and R2 = 0.9995. 
(C) Signal-to-background (S/B) ratio for each point of the umbelliferone standard curve ranging from 1 to 42 (n = 2). Error 
bars indicate standard deviation. 
 
 

Data analysis 
 
Statistical analyses for the included validation experiments were performed using GraphPad Prism Version 10.5.0. However, 
the following statistical analyses could easily be performed in other statistical software, such as R, MATLAB, and Python, 
depending on what is accessible to the experimenter. For enzyme kinetics analyses, simple linear regression was performed 
for each substrate concentration and its respective substrate incubation period (e.g., 3 h), and the slope was used to represent 
V0. Using V0 from a range of substrate concentrations and substrate incubation periods, nonlinear regression (Michaelis–
Menten) was performed to yield values for Vmax, KM, and R2. Catalytic efficiency was calculated as the ratio of Vmax/KM and 
used as an indicator of how efficiently aCDase hydrolyzes the Rbm14-12 substrate, as previously reported [13]. It is 
recommended to evaluate each biological sample in triplicate with a minimum of two technical replicates.  
 
 

Validation of protocol 
 
A. Linearity of the fluorogenic assessment with an umbelliferone concentration 
 
A 74.5 μL volume of 25 mM sodium acetate buffer (pH 4.5), a 0.5 μL volume of umbelliferone standard curve stock solution 
in DMSO (final DMSO concentration 0.5%), and a 25 μL volume of 0.2 M sucrose solution were added in duplicate to wells 
of a black, flat-bottomed 96-well plate for each point of the umbelliferone standard curve. The total volume in each well 
was 100 μL, and the plate was incubated at 37 °C for 3 h, protected from light. After 3 h, 50 μL of MeOH and 100 μL of 
NaIO4 solution (2.5 mg/mL NaIO4 in 100 mM glycine/NaOH buffer, pH 10.6) were added to each well, bringing the total 
volume of each well up to 250 μL. The plate was incubated at 37 °C for an additional hour without agitation, then RFU was 
detected at excitation 360 nm and emission 446 nm (Figure 1A). The normalized fluorescent signal for the umbelliferone 
standard curve was calculated by taking the difference of RFU of each standard curve point and the standard blank, which 
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consists of 25 mM sodium acetate buffer (pH 4.5), DMSO, and 0.2 M sucrose solution without umbelliferone (Figure 1B). 
The linear regression parameters based on this normalized fluorescent signal were used to calculate the umbelliferone signal 
in the fluorogenic assessment of aCDase activity in tissue lysate. 
 
B. Fluorogenic assessment of aCDase activity in brain tissue lysates 
 
A protocol to evaluate aCDase activity in tissue lysate was developed based on optimized buffers, protein lysate amount, 
substrate concentration, and incubation times for WT mouse brain lysates (Table 3). Tissue samples were homogenized in 
a detergent-free lysis buffer containing 1 M Tris base at pH 8, 5 M NaCl, 0.5 M EDTA at pH 8, and MilliQ water. After 
tissue homogenization and centrifugation, the supernatants were collected and used for protein concentration analysis. The 
supernatants were diluted in 0.2 M sucrose solution to the desired protein concentration (e.g., 10 μg) prior to performing the 
fluorescence-based assessment of aCDase activity. Once samples were diluted in 0.2 M sucrose solution, they were plated 
in a black, flat-bottomed 96-well plate and exposed to the Rbm14-12 substrate (e.g., 5 μM) in a sodium acetate solution at 
an acidic pH (pH 4.5). The enzymatic reaction (aCDase hydrolysis of the amide bond of Rbm14-12, yielding the 
corresponding aminodiol) was then quenched by the addition of MeOH. Additionally, NaIO4 in glycine/NaOH buffer (pH 
10.6) was added to oxidize the reaction intermediate (aminodiol) to form the corresponding oxidized product (aldehyde), 
which then undergoes β-elimination at basic pH, leading to the formation of umbelliferone (fluorophore generation). 
During a 3-h substrate incubation period, hydrolysis of the Rbm14-12 substrate at a fixed substrate concentration of 5 μM 
showed a linear response from 1 to 10 μg of protein derived from WT brain tissue lysate (Figure 2A). Kinetic studies 
evaluating substrate incubation periods ranging from 0 to 3 h and using 10 μg of protein derived from WT mouse brain 
tissue lysates yielded a maximal catalytic velocity of aCDase (Vmax) of 0.2058 μM/h and a Michaelis–Menten constant (KM) 
of 4.590 μM (Figure 2B and C). Using 3 and 5 μg of protein yielded comparable KM values: 4.206 μM and 4.213 μM, 
respectively (Figure S1). The Vmax of aCDase using 10 μg of protein was higher compared to using lower protein lysate 
concentrations, such as 3 μg (Vmax = 0.0626 μM/h) and 5 μg (Vmax = 0.0989 μM/h) (Figure S1). Because Vmax was higher 
using 10 μg of protein, catalytic efficiency (Vmax/KM) of aCDase using 10 μg of protein (Vmax/KM = 0.045 h-1) was also 
higher compared to using lower protein lysate concentrations, such as 3 μg (Vmax/KM = 0.015 h-1) and 5 μg (Vmax/KM = 0.023 
h-1), indicating that aCDase is more efficient in converting the Rbm14-12 substrate under the 10 μg condition (Figure S1). 
With respect to substrate concentrations ranging from 0.5 to 10 μM and a 3-h substrate incubation, the substrate 
concentration that yielded a [substrate]/KM ratio closest to the value of 1 was 5 μM (Figure S3). 
Kinetic studies evaluating substrate incubation periods ranging from 0 to 4 h and using 10 μg of protein derived from WT 
mouse brain tissue lysates yielded a Vmax of 0.2166 μM/h and a KM of 4.079 μM (Figure S2). Using 3 and 5 μg of protein 
yielded lower KM values: 2.436 μM and 2.935 μM, respectively (Figure S2). Using substrate incubation periods ranging 
from 0 to 4 h, the Vmax of aCDase using 10 μg of protein remained higher compared to using lower protein lysate 
concentrations, such as 3 μg (Vmax = 0.0563 μM/h) and 5 μg (Vmax = 0.0987 μM/h) (Figure S1). During a longer substrate 
incubation period of up to 4 h, the Vmax/KM of aCDase using 10 μg of protein (Vmax/KM = 0.053 h-1) also remained higher 
compared to using lower protein lysate concentrations, such as 3 μg (Vmax/KM = 0.023 h-1) and 5 μg (Vmax/KM = 0.034 h-1), 
suggesting higher catalytic efficiency under the 10 μg condition (Figure S2). With respect to substrate concentrations 
ranging from 0.5 to 10 μM and a 4-h substrate incubation, the substrate concentration that yielded a [substrate]/KM ratio 
closest to the value of 1 was 5 μM (Figure S3). 
 
Table 3. Fluorescence-based protocol for measuring acid ceramidase activity in tissue lysate 

Step Action 
1 Homogenize tissue in detergent-free lysis buffer, then centrifuge samples and collect supernatant. 
2 Determine protein concentration of collected supernatants (samples). 

3 Dilute samples in 0.2 M sucrose solution to the final desired protein lysate concentration and plate in triplicate 
in a 96-well plate (25 μL/well). 

4* Plate sample blank (0.2 M sucrose without protein) in triplicate in a 96-well plate (25 μL/well). 

5 Add assay solution (25 mM sodium acetate and Rbm14-12 reconstituted in DMSO) to each sample and sample 
blank well (75 μL/well). 

6 Wrap the 96-well plate in foil to protect from light and incubate at 37 °C for 3 h. 
7 After 3 h of substrate incubation, add 50 μL of MeOH, immediately followed by 100 μL of NaIO4 solution.  
8 Wrap the 96-well plate in foil to protect from light and incubate at 37 °C for 1 h. 

9 After 1 h, quantify released fluorescence using a microplate fluorescence reader (excitation: 360 nm; emission: 
446 nm). 

10 Calculate the amount of released umbelliferone from the fluorescence intensity using a standard curve. 
*See General note 5 for the use of an aCDase inhibitor. 
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Figure 2. Optimization of the fluorescence-based protocol for measuring acid ceramidase activity in tissue lysate. (A) 
Assay linearity with varying protein lysate concentration. The fixed substrate concentration was 5 μM, and the substrate 
incubation period was 3 h. (B) Reaction progress curves of 10 μg of protein incubated in the presence of varying substrate 
concentrations for the indicated time periods (n = 2). A simple linear regression was performed for each substrate 
concentration, and the slope was used to represent V0. (C) Lineweaver–Burk plot of Rbm14-12 hydrolysis with 10 μg of 
protein and a 3-h substrate incubation period. The nonlinear regression (Michaelis–Menten) parameters were Vmax = 0.2058 
μM/h, KM = 4.590 μM, and R2 = 0.9903. (D) Signal-to-background (S/B) ratio of Rbm14-12 hydrolysis with 10 μg of protein 
at varying substrate concentrations and substrate incubation periods (n = 2). Error bars indicate standard deviation. 
 
C. Discussion 
 
We present a protocol to measure aCDase activity in tissue lysates using the fluorogenic Rbm14-12 substrate, which 
resembles the naturally occurring Cer and is hydrolyzed by aCDase at acidic pH, as previously reported [13]. Upon 
enzymatic amide cleavage of Rbm14-12, an aminodiol is generated, which undergoes oxidation in the presence of NaIO4 
[13,25]. The resulting oxidized product then undergoes β-elimination at basic pH mediated by a glycine/NaOH buffer. This 
reaction generates umbelliferone, which absorbs UV light and emits fluorescence that can be read on a microplate reader at 
Ex/Em = 360/446 nm [13,25]. To our knowledge, this is the first thoroughly described protocol for the measurement of 
aCDase activity in tissue, as demonstrated using WT mouse brain tissue. A previous study performed the ex vivo 
measurement of aCDase activity in liver tissue [23]. Other methods to measure aCDase activity in different rodent tissues 
use LC/MS-based or radiometric methodologies [26–30]; however, many institutions are moving away from radioactivity, 
and LC/MS methods are more laborious and may not always be available. Before the discovery of Rbm14-12 as a specific 
aCDase substrate, other coumarinic substrates were used in a fluorescence-based assay using lysosomal and microsomal 
extracts from rat liver as enzyme source [31]. All other recent work related to the measurement of aCDase activity has been 
limited to cell pellet lysates or intact cell-based studies using radiometric methods, LC/MS, fluorescence-based 
methodologies, thin layer chromatography, or conjugated Cer [13,16,18,26,28,32–41]. 
When evaluating aCDase activity in cell pellets, activity levels are typically on the picomolar scale [13,42,43]; however, 
during the optimization process using brain lysate, we determined that aCDase activity is consistently higher, necessitating 
the use of a micromolar scale. Additionally, for cell-based analyses, cell pellets are often sonicated in a 0.2 M sucrose 
solution and used as protein extracts for the assay [13,34,42,43]. However, for tissue-based analyses, we determined it was 
best to homogenize tissue samples in a solution containing 1 M Tris, 5 M NaCl, 0.5 M EDTA, and MilliQ water, followed 
by centrifugation. It is critical that no detergents are present in any of the assay solutions, especially the lysis buffer. In our 
own troubleshooting, we could not detect the release of umbelliferone fluorescence when Triton X-100 was included in the 
lysis buffer. It has been suggested that the micelles in detergents engulf the Rbm14-12 substrate and inhibit hydrolysis by 
preventing the substrate from interacting with the catalytic Cys143 residue of aCDase [13]. For all previous cell-based 
analyses utilizing an Rbm substrate, EtOH has typically been used as the organic solvent for the Rbm substrate and the 
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umbelliferone standard curve [13,34,42,43]. We observed that DMSO was a better alternative for a couple of reasons: (i) 
DMSO is less volatile than EtOH and allows for the Rbm substrate to be stably stored at -20 °C for a longer amount of time; 
and (ii) when DMSO is used in the umbelliferone standard curve, the simple linear regression parameters of the curve 
remains consistent over time; when EtOH is used, the simple linear regression parameters change over time during the 
different incubation cycles in the assay due to solvent evaporation. 
Using WT mouse brain tissue, 10 μg of protein and 5 μM substrate were determined as the ideal protein lysate amounts and 
substrate concentrations for this assay; however, this could differ based on animal model, tissue region, and tissue type used 
for analysis. Not only did the reaction remain linear using 10 μg of protein lysate, but when compared to lower protein lysate 
amounts, 10 μg of protein yielded higher values for Vmax and Vmax/KM. This indicates that aCDase is more efficient in 
converting the Rbm14-12 substrate under the 10 μg condition. Using 10 μg of protein also yielded S/B ratios ≥ 5, ensuring 
the experimenter can distinguish between the umbelliferone signal and background noise [44,45]. Additionally, when 
compared to lower protein lysate amounts, 10 μg of protein was the only protein lysate amount that yielded a goodness-of-
fit (R2) ≥ 0.99 for the Michaelis–Menten curves (Figure S1 and S2). It is likely that protein lysate amounts >10 μg would 
also yield R2 values ≥ 0.99, but these data suggest that 10 µg protein is sufficient, allowing the experimenter to conserve the 
amount of tissue lysate consumed in the assay. Nonetheless, it should be noted that this desired protein lysate amount could 
differ between animal models and/or tissue types. 
Using WT mouse brain tissue, 5 μM substrate was determined as the ideal substrate concentration for this assay, although 
this could differ based on animal model, tissue type, and tissue region used for analysis. As previously mentioned, the 
hydrolysis of the Rbm14-12 substrate at 5 μM is linear at the desired protein lysate amount of 10 μg (Figure 2A). 
Additionally, kinetics analysis using WT mouse brain tissue, 10 μg of protein, and up to 3-h substrate incubation yielded a 
KM of 4.59 μM (Figure 2C). The [substrate]/KM ratio using 5 μM substrate was equivalent to 1.09, suggesting 5 μM as the 
optimal substrate concentration, along with a 3-h substrate incubation period (Figure S3). The S/B ratios of 10 μg of protein 
in the presence of varying substrate concentrations varied, with 2.5 μM substrate and a 3-h substrate incubation yielding the 
highest S/B (Figure 2D). However, based on the [substrate]/KM ratio using 2.5 μM substrate ([substrate]/KM = 0.545), 2.5 
μM substrate concentration is <1 (Figure S3). Using a 2.5 μM substrate concentration would be sub-optimal, because when 
[substrate]/KM = 1, this indicates that aCDase is operating at 50% capacity. When [substrate]/KM = 1, subtle or overt changes 
in enzyme performance can be detected without having to worry about enzyme saturation or the lack of enzyme present [46]. 
The S/B ratio starts to decline when 10 μg of protein is in the presence of 10 μM substrate (Figure 2D). The S/B ratio is 
second-highest when 10 μg of protein is in the presence of 5 μM substrate during a 3-h substrate incubation (Figure 2D). 
Thus, based on the [substrate]/KM ratio and S/B ratio, 5 μM substrate is the optimal substrate concentration with a 3-h 
substrate incubation period. However, since the difference between using 10 μg of protein and a 3-h substrate incubation 
versus a 4-h substrate incubation was marginal, it should be noted that a substrate incubation time longer than 3 h may be 
required if a tissue type with low aCDase expression is being tested. This can be modified based on the experimenter’s 
conditions. 
This assay is efficient, with the time required to prepare the buffers, prepare the samples, and run the assay being 
approximately 6 h. It is specific for the forward reaction of aCDase (e.g., Cer hydrolysis) due to the acidic pH and Rbm14-
12 substrate used in the assay. Furthermore, the only equipment needed for this assay is a tissue homogenizer, centrifuge, 
incubator, and a microplate fluorescence reader, making it feasible to conduct this assay in most laboratory settings. This 
versatile procedure is compatible with both central (e.g., brain) and peripheral (e.g., liver, lungs, and spleen) tissues, with 
the potential to be optimized for various tissue types based on the experimenter’s needs. This assay could help researchers 
easily validate FD and SMA-PME animal models by characterizing the extent of aCDase activity deficiency in different 
tissue types. Furthermore, it could help researchers study the efficacy and target engagement of aCDase-based therapeutics, 
which is becoming increasingly relevant in oncology and neurodegenerative disease, thereby expanding the utility of this 
assay beyond a single research field. 
 
 

General notes and troubleshooting 
 
General notes 
 
1. For mouse tissue sample collection, it is recommended to transcardially perfuse the animal with 0.9% saline (with 10 
U/mL heparin and 0.5% w/v sodium nitroprusside) at 9 mL/min for a total of 25 mL [48]. After tissue dissection, 
immediately snap-freeze the tissue and store at -80 °C until ready to prepare the tissue homogenate for the aCDase activity 
assay. 
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2. It is recommended not to use detergents, such as Triton X-100, sodium cholate, or CHAPS in any of the solutions, 
especially the lysis buffer, as previously reported using cell lysates, to avoid interference in the umbelliferone signal [13]. 
3. Since the purpose of this protocol is to assess the activity of lysosomal aCDase, the pH of this assay is maintained acidic 
using sodium acetate buffer at pH 4.5. 
4. The umbelliferone standard curve is prepared using sodium acetate buffer, umbelliferone dissolved in DMSO, and 0.2 M 
sucrose solution. The assay samples are prepared using sodium acetate buffer, Rbm14-12 dissolved in DMSO, and protein 
lysate diluted in 0.2 M sucrose solution. The sample blank is prepared using the same solution as the assay samples, except 
without the protein extracts. It is important that these components remain consistent to ensure that the standards and the 
samples are being tested under the same conditions. 
5. As previously reported using a cell lysate-based assay, the sample blank can be used as the negative control sample [13]. 
Alternatively, the experimenter can prepare a separate assay solution containing the Rbm14-12 substrate, sodium acetate 
buffer, 0.2 M sucrose solution, and an aCDase inhibitor, such as carmofur (MedChemExpress, catalog number: HY-B0182) 
[26] or acid ceramidase-IN-1 (MedChemExpress, catalog number: HY-141866) [34], and adjust the 96-well plate design 
accordingly to include samples treated with Rbm14-12 in triplicate and samples treated with Rbm14-12 plus an aCDase 
inhibitor in triplicate. 
6. A Sorvall Legend Micro 21R microcentrifuge was used to centrifuge tissue homogenates, but any centrifuge can be used 
if it can be set to 4 °C and 5,000× g. 
7. A Biotek Synergy 2 SL microplate reader was used for the Pierce BCA Protein Assay, but any microplate reader can be 
used if it can detect absorbance at 562 nm. 
8. A SpectraMax iD3 microplate reader was used to detect umbelliferone fluorescence, but any microplate reader can be 
used if it can have the following settings (excitation/emission): 360 nm/446 nm. 
9. This protocol was optimized using frozen tissue samples, but freshly isolated tissue could be used.  

 
Troubleshooting 
 
Problem 1: Challenges related to starting the optimization process.  
Possible cause: Not knowing which parameters to optimize first and how.  
Solution: It is recommended to start the optimization process by determining the optimal protein lysate amount and substrate 
concentration at different incubation times. Use a range of substrate incubation times (e.g., 0–4 h), a range of protein lysate 
concentrations (e.g., 1, 5, 10, 25, 50 μg), and a range of substrate concentrations (e.g., 0.5, 1, 2.5, 5, 10 μM). It is 
recommended that each substrate's incubation time be evaluated in separate 96-well plates. For example, if you were to 
assess Rbm14-12 hydrolysis after 0, 0.5, 1, 2, 3, and 4 h of substrate incubation, six separate 96-well plates would be needed, 
and within each individual 96-well plate, the same range of protein lysate concentrations and substrate concentrations could 
be assessed. With this initial set of analysis, the experimenter can assess reaction linearity, signal-to-background (S/B) ratios, 
Vmax, KM, Vmax/KM, and [substrate]/KM. Based on these preliminary results and key considerations outlined below, the 
experimenter can modify the protein lysate concentration and substrate ranges, if needed, and then repeat the analyses to 
find the optimal assay parameters. As outlined below, the experimenter should choose assay parameters that yield a linear 
reaction, S/B ratios ≥ 5, [substrate]/KM close to the value of 1, and high catalytic efficiency. 
 
Problem 2: Optimizing protocol parameters to yield signal-to-background (S/B) ratios ≥ 5. 
Possible cause: aCDase expression can differ based on tissue type and potentially by region within the same tissue. 
Solutions:  
a. Samples: aCDase expression can differ based on tissue type and potentially by region within the same tissue. Optimize 
experimental conditions (e.g., protein lysate concentration or substrate concentration) to yield sample S/B ratios ≥ 5. In other 
words, the mean signal of your sample (the average RFU) of your sample divided by the mean signal of your sample blank 
(the average RFU of your sample blank) should be ≥5. Having a sample’s S/B ratio ≥ 5 ensures the umbelliferone signal is 
distinguishable from background noise, which is why this is an important parameter to measure during optimization (Figure 
1) [44,45]. 
 
b. Standard curve: Confirm that the experimental S/B ratios are within the dynamic range of the standard curve S/B ratios. 
For example, if your samples have S/B ratios between 5 and 20, the range of S/B ratios in the standard curve needs to include 
these values. The optimized standard curve concentration range in this protocol is from 0 to 1 μM with an S/B ratio range 
of 1–42 (Figure 1C), because the experimental S/B ratios consistently fell within this range (Figure 2D). This concentration 
and S/B ratio range can be altered and optimized based on the experimenter’s needs. However, it is important that the S/B 
ratio of the samples always falls within the S/B ratio range of the standard curve, as demonstrated previously (Figure 1C 
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and Figure 2D), because this guarantees that the readout of the samples is within the detection range of the standard curve 
and can be quantified reliably [44,45]. 
 
Problem 3: Optimizing protein lysate amount. 
Possible cause: aCDase expression can differ based on tissue type and potentially by region within the same tissue. 
Solution: Protein lysate amount needs to be optimized based on tissue type and region. It is recommended to first test a wide 
range of protein lysate amounts (e.g., 1, 10, 50, 100 μg) at a fixed substrate concentration to assess linearity. This assessment 
will show which protein lysate concentrations yield a linear reaction. Protein lysate concentrations yielding nonlinear results 
should not be used. Based on these results, reduce the linearity assessment to a smaller protein concentration range (e.g., 1, 
3, 5, 10 μg) at a fixed substrate concentration. This assessment will allow the experimenter to identify the optimal amount 
of protein required to detect the umbelliferone signal within a linear range. 
Along with this linearity assessment, evaluate the kinetics of Rbm14-12 hydrolysis using a range of protein lysate 
concentrations, substrate concentrations, and substrate incubation periods (e.g., 0–3 h) to determine which protein lysate 
concentration yields higher catalytic efficiency (Vmax/KM). For example, after determining an ideal protein lysate amount 
range of 1–10 μg and deciding that 10 μg yields the best S/B ratios (Figure S4), evaluate this protein lysate concentration 
range exposed to a range of Rbm14-12 substrate concentrations (e.g., 0.5, 1, 2.5, 5, and 10 μM) for 0, 0.5, 1, 2, and 3 h to 
determine which conditions yield higher catalytic efficiency of Rbm14-12 hydrolysis (Figure S1). 
 
Problem 4: Optimizing substrate concentration. 
Possible cause: aCDase expression can differ based on tissue type and potentially by region within the same tissue. 
Solution: Rbm14-12 substrate concentration needs to be optimized based on tissue type and region to ensure linearity of 
reaction and S/B ratios ≥ 5. It is recommended to test a wide range of substrate concentrations (e.g., 1, 5, 10, 50, 100 μM) 
in combination with ranging protein lysate concentrations. Based on these results, check linearity within a smaller μM range 
(e.g., 1, 2.5, 5, 10, 20, 25 μM). Along with linearity assessment, evaluate the kinetics of Rbm14-12 hydrolysis using a range 
of protein lysate concentrations, substrate concentrations, and substrate incubation periods to determine which substrate 
concentration yields a [substrate]/Km ratio closest to the value of 1, to ensure high sensitivity of the assay (Figure S3) [46]. 
 
Problem 5: Optimizing substrate incubation period. 
Possible cause: The length of the substrate incubation period can affect reaction linearity. 
Solution: When choosing the optimal Rbm14-12 substrate incubation time period, the experimenter should assess reaction 
linearity, the amount of protein needed, fluorescence intensity, S/B ratios, and kinetics of substrate hydrolysis. If the 
substrate incubation period is too long, the reaction can become nonlinear. If the substrate incubation is too short, the 
fluorescence intensity could be too low (e.g., S/B ratios could be <5 and indistinguishable from background noise). The 
substrate incubation period could also impact Vmax/KM and [substrate]/KM ratios, so these factors must be considered for 
optimal sensitivity. 
 
 

Supplementary information 
 
The following supporting information can be downloaded here: 
1. Dataset S1. Data corresponding to Figure 1 
2. Dataset S2. Data corresponding to Figure 2 
3. Dataset S3. Kinetics analysis of Rbm14-12 hydrolysis corresponding to Figure S1 
4. Figure S1. Kinetics analysis of Rbm14-12 hydrolysis using 0, 0.5, 1, 2, and 3 h substrate incubation periods 
5. Dataset S4. Kinetics analysis of Rbm14-12 hydrolysis corresponding to Figure S2 
6. Figure S2. Kinetics analysis of Rbm14-12 hydrolysis using 0, 0.5, 1, 2, 3, and 4 h substrate incubation periods 
7. Figure S3. [substrate]/KM ratios for 3- vs. 4-h substrate incubation periods 
8. Dataset S5. S/B ratio data corresponding to Figure S4 
9. Figure S4. A comparison of S/B ratios for 3, 5, and 10 μg of protein exposed to a range of Rbm14-12 substrate 
concentrations and substrate incubation periods 
10. Template 1. aCDase activity assay reagent calculator 
 
  

https://cdn.bio-protocol.org/journal/static/2607447_Supplementary%20information.zip?v=3935


 

 

Cite as: Manabat, A. et al. (2026). Fluorogenic Tissue-Based Assessment of Acid Ceramidase Activity. Bio-protocol 
16(16): e5778. DOI: 10.21769/BioProtoc.5778 

14 

Published: Aug 20, 2026 

Acknowledgments 
 
This work was supported by The Michael J. Fox Foundation MJFF-027188 and The National Institute of Aging AG081433. 
Aspects of this protocol were derived or modified from Bedia and co-workers [13] and Di Martino and co-workers [13,34]. 
Arielle Manabat: Conceptualization, Methodology, Validation, Formal analysis, Investigation, Writing—Original draft, 
Writing—Review & Editing, Visualization. Debora Russo: Methodology, Validation, Formal analysis, Writing—Review 
& Editing. Ilaria Penna: Methodology, Validation, Formal analysis, Writing—Review & Editing. Laura Volpicelli-Daley: 
Supervision, Funding acquisition, Resources, Writing—Review & Editing. Rita Scarpelli: Methodology, Validation, 
Writing—Review & Editing. 
The authors thank Dr. Sida Shen at Vanqua Bio for help with kinetics analyses and manuscript review. 
The following figures were created using BioRender: Graphical overview, 
https://app.biorender.com/illustrations/69cd537816da71ef593bf840. 
 
 

Competing interests 
 
The authors declare no conflicts of interest. 
 
 

Ethical considerations 
 
All animal-based studies were conducted in accordance with the Guide for the Care and Use of Laboratory Animals 
(National Research Council) with protocols approved by the University of Alabama at Birmingham Institutional Animal 
Care and Use Committee. Mouse brain tissue was used from GBA1+/+ (WT) mice, which were generated from breeding 
heterozygous GBA1L444P mice originally obtained from the University of North Carolina at Chapel Hill Mutant Mouse 
Resource and Research Center (MMRRC-000117). Mice were housed with free access to water and standard rodent chow 
and were on a standard 12/12 light/dark cycle. 
 
 
Received: April 01, 2026; Accepted: July 02, 2026; Available online: July 14, 2026; Published: August 20, 2026 
 
 

References 
 
1. Ferraz, M. J., Marques, A. R. A., Appelman, M. D., Verhoek, M., Strijland, A., Mirzaian, M., Scheij, S., Ouairy, C. M., 

Lahav, D., Wisse, P., et al. (2016). Lysosomal glycosphingolipid catabolism by acid ceramidase: formation of 
glycosphingoid bases during deficiency of glycosidases. FEBS Lett. 590(6): 716–725. https://doi.org/10.1002/1873-
3468.12104 

2. Bernardo, K., Hurwitz, R., Zenk, T., Desnick, R. J., Ferlinz, K., Schuchman, E. H. and Sandhoff, K. (1995). Purification, 
Characterization, and Biosynthesis of Human Acid Ceramidase. J Biol Chem. 270(19): 11098–11102. 
https://doi.org/10.1074/jbc.270.19.11098 

3. Ferlinz, K., Kopal, G., Bernardo, K., Linke, T., Bar, J., Breiden, B., Neumann, U., Lang, F., Schuchman, E. H. and 
Sandhoff, K. (2001). Human acid ceramidase: processing, glycosylation, and lysosomal targeting. J Biol Chem. 
276(38): 35352–35360. https://doi.org/10.1074/jbc.M103066200. 

4. Gebai, A., Gorelik, A., Li, Z., Illes, K. and Nagar, B. (2018). Structural basis for the activation of acid ceramidase. Nat 
Commun. 9(1): 1621. https://doi.org/10.1038/s41467-018-03844-2 

5. Dementiev, A., Joachimiak, A., Nguyen, H., Gorelik, A., Illes, K., Shabani, S., Gelsomino, M., Ahn, E. Y., Nagar, B., 
Doan, N., et al. (2018). Molecular Mechanism of Inhibition of Acid Ceramidase by Carmofur. J Med Chem. 62(2): 
987–992. https://doi.org/10.1021/acs.jmedchem.8b01723 

6. Gatt, S. (1966). Enzymatic Hydrolysis of Sphingolipids. J Biol Chem. 241(16): 3724–3730. 
https://doi.org/10.1016/s0021-9258(18)99832-7 

7. He, X., Okino, N., Dhami, R., Dagan, A., Gatt, S., Schulze, H., Sandhoff, K. and Schuchman, E. H. (2003). Purification 
and Characterization of Recombinant, Human Acid Ceramidase. J Biol Chem. 278(35): 32978–32986. 
https://doi.org/10.1074/jbc.m301936200 

https://app.biorender.com/illustrations/69cd537816da71ef593bf840
https://doi.org/10.1002/1873-3468.12104
https://doi.org/10.1002/1873-3468.12104
https://doi.org/10.1074/jbc.270.19.11098
https://doi.org/10.1074/jbc.M103066200
https://doi.org/10.1038/s41467-018-03844-2
https://doi.org/10.1021/acs.jmedchem.8b01723
https://doi.org/10.1016/s0021-9258(18)99832-7
https://doi.org/10.1074/jbc.m301936200


 

 

Cite as: Manabat, A. et al. (2026). Fluorogenic Tissue-Based Assessment of Acid Ceramidase Activity. Bio-protocol 
16(16): e5778. DOI: 10.21769/BioProtoc.5778 

15 

Published: Aug 20, 2026 

8. Li, C. M., Park, J. H., He, X., Levy, B., Chen, F., Arai, K., Adler, D. A., Disteche, C. M., Koch, J., Sandhoff, K., et al. 
(1999). The Human Acid Ceramidase Gene (ASAH): Structure, Chromosomal Location, Mutation Analysis, and 
Expression. Genomics. 62(2): 223–231. https://doi.org/10.1006/geno.1999.59 

9. Yu, F. P. S., Amintas, S., Levade, T. and Medin, J. A. (2018). Acid ceramidase deficiency: Farber disease and SMA-
PME. Orphanet J Rare Dis. 13(1): 121. https://doi.org/10.1186/s13023-018-0845-z 

10. Kleynerman, A., Rybova, J., Faber, M. L., McKillop, W. M., Levade, T. and Medin, J. A. (2023). Acid Ceramidase 
Deficiency: Bridging Gaps between Clinical Presentation, Mouse Models, and Future Therapeutic Interventions. 
Biomolecules. 13(2): 274. https://doi.org/10.3390/biom13020274 

11. Spence, M. W., Beed, S. and Cook, H. W. (1986). Acid and alkaline ceramidases of rat tissues. Biochem Cell Biol. 
64(5): 400–404. https://doi.org/10.1139/o86-056 

12. Sugita, M., Iwamori, M., Evans, J., McCluer, R. H., Dulaney, J. T. and Moser, H. W. (1974). High performance liquid 
chromatography of ceramides: application to analysis in human tissues and demonstration of ceramide excess in 
Farber's disease. J Lipid Res. 15(3): 223–226. https://doi.org/10.1016/s0022-2275(20)36799-7 

13. Bedia, C., Camacho, L., Abad, J. L., Fabriàs, G. and Levade, T. (2010). A simple fluorogenic method for determination 
of acid ceramidase activity and diagnosis of Farber disease. J Lipid Res. 51(12): 3542–3547. 
https://doi.org/10.1194/jlr.d010033 

14. Taniai, T., Shirai, Y., Shimada, Y., Hamura, R., Yanagaki, M., Takada, N., Horiuchi, T., Haruki, K., Furukawa, K., 
Uwagawa, T., et al. (2021). Inhibition of acid ceramidase elicits mitochondrial dysfunction and oxidative stress in 
pancreatic cancer cells. Cancer Sci. 112(11): 4570–4579. https://doi.org/10.1111/cas.15123 

15. Vijayan, Y., James, S., Viswanathan, A., Aparna, J. S., Bindu, A., Namitha, N. N., Anantharaman, D., Babu Lankadasari, 
M. and Harikumar, K. B. (2024). Targeting acid ceramidase enhances antitumor immune response in colorectal cancer. 
J Adv Res. 65: 73–87. https://doi.org/10.1016/j.jare.2023.12.013 

16. Realini, N., Palese, F., Pizzirani, D., Pontis, S., Basit, A., Bach, A., Ganesan, A. and Piomelli, D. (2016). Acid 
Ceramidase in Melanoma. J Biol Chem. 291(5): 2422–2434. https://doi.org/10.1074/jbc.m115.666909 

17. Munk, R., Anerillas, C., Rossi, M., Tsitsipatis, D., Martindale, J. L., Herman, A. B., Yang, J. H., Roberts, J. A., Varma, 
V. R., Pandey, P. R., et al. (2021). Acid ceramidase promotes senescent cell survival. Aging (Albany NY). 13(12): 
15750–15769. https://doi.org/10.18632/aging.203170 

18. Mandasari, P., Hollmann, C., Zaidi, R. H., Löw, S., Schrama, J., Wigger, D., Schumacher, F., Kleuser, B. and 
Beyersdorf, N. (2024). Acid ceramidase expression reduces IFNγ secretion by mouse CD4+ T cells and is crucial for 
maintaining B-cell numbers in mice. Front Immunol. 15: e1309846. https://doi.org/10.3389/fimmu.2024.1309846 

19. Hadas, Y., Vincek, A. S., Youssef, E., Żak, M. M., Chepurko, E., Sultana, N., Sharkar, M. T. K., Guo, N., Komargodski, 
R., Kurian, A. A., et al. (2020). Altering Sphingolipid Metabolism Attenuates Cell Death and Inflammatory Response 
After Myocardial Infarction. Circulation. 141(11): 916–930. https://doi.org/10.1161/circulationaha.119.041882 

20. Li, G., Huang, D., Kidd, J. M., Zou, Y., Wu, X., Zhang, Y., Gehr, T. W., Li, N. and Li, P. L. (2025). Acid ceramidase 
as a novel target for adiponectin receptor agonist to abrogate podocyte NLRP3 inflammasome activation and glomerular 
inflammation during obesity. J Pharmacol Exp Ther. 392(12): 103757. https://doi.org/10.1016/j.jpet.2025.103757 

21. Kumar, M. and Feldman, R. A. (2025). Inhibition or genetic reduction of ASAH1 /acid ceramidase restore α-synuclein 
clearance in mutant GBA1 dopamine neurons from Parkinson’s patients. Hum Mol Genet. 34(24): 2075–2087. 
https://doi.org/10.1093/hmg/ddaf166 

22. Srikanth, M. P., Jones, J. W., Kane, M., Awad, O., Park, T. S., Zambidis, E. T. and Feldman, R. A. (2021). Elevated 
Glucosylsphingosine in Gaucher Disease induced Pluripotent Stem Cell Neurons Deregulates Lysosomal Compartment 
through Mammalian Target of Rapamycin Complex 1. Stem Cells Transl Med. 10(7): 1081–1094. 
https://doi.org/10.1002/sctm.20-0386 

23. Li, Y., Xu, Y., Benitez, B. A., Nagree, M. S., Dearborn, J. T., Jiang, X., Guzman, M. A., Woloszynek, J. C., Giaramita, 
A., Yip, B. K., et al. (2019). Genetic ablation of acid ceramidase in Krabbe disease confirms the psychosine hypothesis 
and identifies a new therapeutic target. Proc Natl Acad Sci USA. 116(40): 20097–20103. 
https://doi.org/10.1073/pnas.1912108116 

24. Huang, Y., Tanimukai, H., Liu, F., Iqbal, K., Grundke‐Iqbal, I. and Gong, C. (2004). Elevation of the level and activity 
of acid ceramidase in Alzheimer's disease brain. Eur J Neurosci. 20(12): 3489–3497. https://doi.org/10.1111/j.1460-
9568.2004.03852.x 

25. Aseeri, M., Abad, J. L., Delgado, A., Fabriàs, G., Triola, G. and Casas, J. (2022). High-throughput discovery of novel 
small-molecule inhibitors of acid Ceramidase. J Enzyme Inhib Med Chem. 38(1): 343–348. 
https://doi.org/10.1080/14756366.2022.2150183 

https://doi.org/10.1006/geno.1999.5940
https://doi.org/10.1186/s13023-018-0845-z
https://doi.org/10.3390/biom13020274
https://doi.org/10.1139/o86-056
https://doi.org/10.1016/s0022-2275(20)36799-7
https://doi.org/10.1194/jlr.d010033
https://doi.org/10.1111/cas.15123
https://doi.org/10.1016/j.jare.2023.12.013
https://doi.org/10.1074/jbc.m115.666909
https://doi.org/10.18632/aging.203170
https://doi.org/10.3389/fimmu.2024.1309846
https://doi.org/10.1161/circulationaha.119.041882
https://doi.org/10.1016/j.jpet.2025.103757
https://doi.org/10.1093/hmg/ddaf166
https://doi.org/10.1002/sctm.20-0386
https://doi.org/10.1073/pnas.1912108116
https://doi.org/10.1111/j.1460-9568.2004.03852.x
https://doi.org/10.1111/j.1460-9568.2004.03852.x
https://doi.org/10.1080/14756366.2022.2150183


 

 

Cite as: Manabat, A. et al. (2026). Fluorogenic Tissue-Based Assessment of Acid Ceramidase Activity. Bio-protocol 
16(16): e5778. DOI: 10.21769/BioProtoc.5778 

16 

Published: Aug 20, 2026 

26. Realini, N., Solorzano, C., Pagliuca, C., Pizzirani, D., Armirotti, A., Luciani, R., Costi, M. P., Bandiera, T. and Piomelli, 
D. (2013). Discovery of highly potent acid ceramidase inhibitors with in vitro tumor chemosensitizing activity. Sci Rep. 
3(1): e1038/srep01035. https://doi.org/10.1038/srep01035 

27. Bach, A., Pizzirani, D., Realini, N., Vozella, V., Russo, D., Penna, I., Melzig, L., Scarpelli, R. and Piomelli, D. (2015). 
Benzoxazolone Carboxamides as Potent Acid Ceramidase Inhibitors: Synthesis and Structure–Activity Relationship 
(SAR) Studies. J Med Chem. 58(23): 9258–9272. https://doi.org/10.1021/acs.jmedchem.5b01188 

28. Pizzirani, D., Bach, A., Realini, N., Armirotti, A., Mengatto, L., Bauer, I., Girotto, S., Pagliuca, C., De Vivo, M., 
Summa, M., et al. (2014). Inside Cover: Benzoxazolone Carboxamides: Potent and Systemically Active Inhibitors of 
Intracellular Acid Ceramidase (Angew. Chem. Int. Ed. 2/2015). Angew Chem Int Ed. 54(2): 366–366. 
https://doi.org/10.1002/anie.201410931 

29. He, X., Dworski, S., Zhu, C., DeAngelis, V., Solyom, A., Medin, J. A., Simonaro, C. M. and Schuchman, E. H. (2017). 
Enzyme replacement therapy for Farber disease: Proof-of-concept studies in cells and mice. BBA Clin. 7: 85–96. 
https://doi.org/10.1016/j.bbacli.2017.02.001 

30. Bawab, S. E., Usta, J., Roddy, P., Szulc, Z. M., Bielawska, A. and Hannun, Y. A. (2002). Substrate specificity of rat 
brain ceramidase. J Lipid Res. 43(1): 141–148. https://doi.org/10.1016/s0022-2275(20)30197-8 

31. Bedia, C., Triola, G., Casas, J., Llebaria, A. and Fabriàs, G. (2005). Analogs of the dihydroceramide desaturase inhibitor 
GT11 modified at the amide function: synthesis and biological activities. Org Biomol Chem. 3(20): 3707. 
https://doi.org/10.1039/b510198k 

32. He, X. and Schuchman, E. H. (2023). Identification of a Novel Acid Sphingomyelinase Activity Associated with 
Recombinant Human Acid Ceramidase. Biomolecules. 13(11): 1623. https://doi.org/10.3390/biom13111623 

33. Cuinat, S., Rollier, P., Grand, K., Sanchez-Lara, P. A., Allen-Sharpley, M., Levade, T., Vanier, M. T., Lion Francois, 
L., Chemaly, N., de Lattre, C., et al. (2025). Acid Ceramidase Deficiency. Neurology Genetics. 11(2): e200243. 
https://doi.org/10.1212/NXG.0000000000200243 

34. Di Martino, S., Tardia, P., Cilibrasi, V., Caputo, S., Mazzonna, M., Russo, D., Penna, I., Realini, N., Margaroli, N., 
Migliore, M., et al. (2020). Lead Optimization of Benzoxazolone Carboxamides as Orally Bioavailable and CNS 
Penetrant Acid Ceramidase Inhibitors. J Med Chem. 63(7): 3634–3664. https://doi.org/10.1021/acs.jmedchem.9b02004 

35. Tsuboi, K., Tai, T., Yamashita, R., Ali, H., Watanabe, T., Uyama, T., Okamoto, Y., Kitakaze, K., Takenouchi, Y., Go, 
S., et al. (2021). Involvement of acid ceramidase in the degradation of bioactive N-acylethanolamines. Biochim Biophys 
Acta Mol Cell Biol Lipids. 1866(9): 158972. https://doi.org/10.1016/j.bbalip.2021.158972 

36. He, X., Li, C. M., Park, J. H., Dagan, A., Gatt, S. and Schuchman, E. H. (1999). A Fluorescence-Based High-
Performance Liquid Chromatographic Assay to Determine Acid Ceramidase Activity. Anal Biochem. 274(2): 264–269. 
https://doi.org/10.1006/abio.1999.4284 

37. Raisova, M., Goltz, G., Bektas, M., Bielawska, A., Riebeling, C., Hossini, A. M., Eberle, J., Hannun, Y. A., Orfanos, 
C. E., Geilen, C. C., et al. (2002). Bcl‐2 overexpression prevents apoptosis induced by ceramidase inhibitors in 
malignant melanoma and HaCaT keratinocytes. FEBS Lett. 516: 47–52. https://doi.org/10.1016/s0014-5793(02)02472-
9 

38. Pizzirani, D., Pagliuca, C., Realini, N., Branduardi, D., Bottegoni, G., Mor, M., Bertozzi, F., Scarpelli, R., Piomelli, D., 
Bandiera, T., et al. (2013). Discovery of a New Class of Highly Potent Inhibitors of Acid Ceramidase: Synthesis and 
Structure–Activity Relationship (SAR). J Med Chem. 56(9): 3518–3530. https://doi.org/10.1021/jm301879g 

39. Caputo, S., Di Martino, S., Cilibrasi, V., Tardia, P., Mazzonna, M., Russo, D., Penna, I., Summa, M., Bertozzi, S. M., 
Realini, N., et al. (2020). Design, Synthesis, and Biological Evaluation of a Series of Oxazolone Carboxamides as a 
Novel Class of Acid Ceramidase Inhibitors. J Med Chem. 63(24): 15821–15851. 
https://doi.org/10.1021/acs.jmedchem.0c01561 

40. Casasampere, M., Ung, J., Iñáñez, A., Dufau, C., Tsuboi, K., Casas, J., Tan, S. F., Feith, D. J., Andrieu-Abadie, N., 
Segui, B., et al. (2024). A fluorogenic substrate for the detection of lipid amidases in intact cells. J Lipid Res. 65(3): 
100520. https://doi.org/10.1016/j.jlr.2024.100520 

41. Ortega, J. A., Arencibia, J. M., La Sala, G., Borgogno, M., Bauer, I., Bono, L., Braccia, C., Armirotti, A., Girotto, S., 
Ganesan, A., et al. (2017). Pharmacophore Identification and Scaffold Exploration to Discover Novel, Potent, and 
Chemically Stable Inhibitors of Acid Ceramidase in Melanoma Cells. J Med Chem. 60(13): 5800–5815. 
https://doi.org/10.1021/acs.jmedchem.7b00472 

42. Dufau, C., Genais, M., Mucher, E., Jung, B., Garcia, V., Montfort, A., Tosolini, M., Clarke, C. J., Medin, J. A., Levade, 
T., et al. (2024). Ceramide metabolism alterations contribute to Tumor Necrosis Factor-induced melanoma 
dedifferentiation and predict resistance to immune checkpoint inhibitors in advanced melanoma patients. Front 
Immunol. 15: e1421432. https://doi.org/10.3389/fimmu.2024.1421432 

https://doi.org/10.1038/srep01035
https://doi.org/10.1021/acs.jmedchem.5b01188
https://doi.org/10.1002/anie.201410931
https://doi.org/10.1016/j.bbacli.2017.02.001
https://doi.org/10.1016/s0022-2275(20)30197-8
https://doi.org/10.1039/b510198k
https://doi.org/10.3390/biom13111623
https://doi.org/10.1212/NXG.0000000000200243
https://doi.org/10.1021/acs.jmedchem.9b02004
https://doi.org/10.1016/j.bbalip.2021.158972
https://doi.org/10.1006/abio.1999.4284
https://doi.org/10.1016/s0014-5793(02)02472-9
https://doi.org/10.1016/s0014-5793(02)02472-9
https://doi.org/10.1021/jm301879g
https://doi.org/10.1021/acs.jmedchem.0c01561
https://doi.org/10.1016/j.jlr.2024.100520
https://doi.org/10.1021/acs.jmedchem.7b00472
https://doi.org/10.3389/fimmu.2024.1421432


 

 

Cite as: Manabat, A. et al. (2026). Fluorogenic Tissue-Based Assessment of Acid Ceramidase Activity. Bio-protocol 
16(16): e5778. DOI: 10.21769/BioProtoc.5778 

17 

Published: Aug 20, 2026 

43. Zhou, J., Tawk, M., Tiziano, F. D., Veillet, J., Bayes, M., Nolent, F., Garcia, V., Servidei, S., Bertini, E., Castro-Giner, 
F., et al. (2012). Spinal Muscular Atrophy Associated with Progressive Myoclonic Epilepsy Is Caused by Mutations in 
ASAH1. Am J Hum Genet. 91(1): 5–14. https://doi.org/10.1016/j.ajhg.2012.05.001 

44. Dahlin, J. L., Sittampalam, G. S., Coussens, N. P., Devanarayan, V., Weidner, J. R., Iversen, P. W., Haas, J. V., Bronson, 
D. D., Trask, J. O. J., Wiernicki, T. R., et al. (2004). Basic Guidelines for Reporting Non-Clinical Data. Markossian, 
S., Grossman, A., Baskir, H., Arkin, M., Auld, D., Austin, C., Baell, J., Brimacombe, K., Chung, T. D. Y., Coussens, 
N. P., et al. (Eds.) Assay Guidance Manual. 

45. FDA (2018). Bioanalytical Method Validation Guidance for Industry. 
46. Brooks, H. B., Geeganage, S., Kahl, S. D., Montrose, C., Sittampalam, S., Smith, M. C. and Weidner, J. R. (2004). 

Basics of Enzymatic Assays for HTS. Markossian, S., Grossman, A., Baskir, H., Arkin, M., Auld, D., Austin, C., Baell, 
J., Brimacombe, K., Chung, T. D. Y., Coussens, N. P., et al. (Eds.) Assay Guidance Manual. 

47. Fox, R. J. and Clay, M. D. (2009). Catalytic effectiveness, a measure of enzyme proficiency for industrial applications. 
Trends Biotechnol. 27(3): 137–140. https://doi.org/10.1016/j.tibtech.2008.12.001 

48. Stoyka, L. E., Mahoney, C. L., Thrasher, D. R., Russell, D. L., Cook, A. K., Harris, A. T., Narayanan, A., Janado, T. 
P., Standaert, D. G., Roberson, E. D., et al. (2021). Templated α-Synuclein Inclusion Formation Is Independent of 
Endogenous Tau. eNeuro. 8(3): ENEURO.0458–20.2021. https://doi.org/10.1523/eneuro.0458-20.2021 

https://doi.org/10.1016/j.ajhg.2012.05.001
https://doi.org/10.1016/j.tibtech.2008.12.001
https://doi.org/10.1523/eneuro.0458-20.2021

	Fluorogenic Tissue-Based Assessment of Acid Ceramidase Activity
	Abstract
	Key features
	Graphical overview
	Background
	Materials and reagents
	Equipment
	Procedure
	Data analysis
	Validation of protocol
	General notes and troubleshooting
	Supplementary information
	Acknowledgments
	Competing interests
	Ethical considerations
	References

