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Abstract

Covalent fluorescent probes have emerged as versatile chemical tools to visualise

active enzymes in complex biological systems. When tailored for specific applications,

ranging from activity-based protein profiling for drug development to high spatiotem-

poral resolution imaging of enzymatic activities, these probes provide unique insights

into rapid lipid metabolism. The recent development of reverse-designing optimised

inhibitors into probes, together with improved analytical techniques, is rapidly

advancing our ability to resolve enzyme function in great detail. In this mini-review,

we summarise the current landscape of covalent fluorescent probes for the

2-arachidonoylglycerol (2-AG) metabolising enzymes (diacylglycerol lipase, monoacyl-

glycerol lipase, ABHD6 and ABHD12), highlighting the discoveries they have enabled

and discussing strategies to address gaps where probes remain lacking.
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1 | INTRODUCTION

The development of covalent fluorescent probes has greatly

expanded the pharmacological toolkit by enabling precise visualisation

of enzyme activity within complex biological systems. These probes

have yielded insights into both normal physiology and disease-related

changes, whilst also accelerating drug discovery (Baggelaar

et al., 2017; Niphakis & Cravatt, 2014). Unlike immunohistochemistry,

they can be highly tailored to specific applications and directly report

enzyme activity in a space and time, rather than protein abundance

alone. By incorporating an electrophilic warhead that covalently

reacts, either reversibly or irreversibly, with a nucleophilic catalytic

residue in the active site, these probes function as activity-based

probes (ABPs). This versatility supports applications ranging from che-

moproteomic mapping via activity-based protein profiling (ABPP) to in

situ imaging of enzyme activity (Baggelaar et al., 2017; Hentsch,

Guberman, Radetzki, Kaushik, Huizenga, He, et al., 2025). Such imag-

ing provides high spatiotemporal resolution, particularly valuable for

complex biological systems such as the brain, where rapid signalling

and regional heterogeneity shape function.

The endocannabinoid system (ECS) exemplifies the need for tem-

poral and spatial resolution (Straub et al., 2025). The ECS regulates

mood, appetite, pain, and reward processing by modulating neuro-

transmission in the central nervous system (CNS) (Maccarrone

et al., 2023). Its principal signalling lipids, 2-arachidonoylglycerol

(2-AG) and N-arachidonoylethanolamine (AEA, anandamide) activate

Abbreviations: 2-AG, 2-arachidonoylglycerol; AA, arachidonic acid; ABHD, α/β-hydrolase domain-containing protein; ABP, activity-based probe; ABPP, activity-based protein profiling; DAGL,

diacylglycerol lipase; ECS, endocannabinoid system; MAGL, monoacylglycerol lipase.
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the cannabinoid type 1 receptor (CB1R) at neuronal synapses (Devane

et al., 1992; Matsuda et al., 1990; Mechoulam et al., 1995). These lipid

pools are tightly regulated by serine hydrolases: diacylglycerol lipases

(DAGLα and DAGLβ) synthesise 2-AG, which is primarily degraded by

monoacylglycerol lipase (MAGL) with minor contributions from

α,β-hydrolase domain-containing proteins ABHD6 and ABHD12

(Figure 1) (Bisogno et al., 2003; Blankman et al., 2007; Dinh

et al., 2002). AEA biosynthesis involves ABHD4 and phospholipase

PLA2G4E, whereas its degradation is mediated by fatty acid amide

hydrolase (FAAH). Dysregulation of these pathways has been linked

to neurological and psychiatric disorders, including Alzheimer's dis-

ease, Parkinson's disease, depression and anxiety (Maccarrone

et al., 2023).

Recent advances in selective covalent probes, together with

improved analytical methods, now offer unprecedented opportunities

to study these complex processes. This rapidly evolving toolkit is

already reshaping ECS research (Punt et al., 2022). In this mini-review,

we summarise the current landscape of covalent fluorescent probes

targeting 2-AG-metabolising lipases, describe their design principles

and highlight key discoveries enabled by their use. We also discuss

gaps in probe availability for certain lipases and potential approaches

to address them.

We classify covalent fluorescent probes into two main categories

of activity-based proteins (ABPs) (Figure 2): (i) broad-spectrum ABPs,

probes that label many enzymes, useful for mapping global activity

and cross-reactivity in a protein family; and (ii) tailored ABPs, probes

with chemical features that direct them towards a specific enzyme.

These probes enable visualisation and pharmacological validation of

single proteins.

2 | DAGL-TARGETED PROBES

DAGLα is predominantly expressed in the CNS, whereas DAGLβ is

more found in peripheral tissues and the immune system (Gao

et al., 2010). Dysfunction of these enzymes has been linked to non-

motor symptoms of Parkinson's disease and an increased risk of men-

tal disorders (Kim et al., 2023; Doherty & Williams, 2025), making

them important targets to study the disease pathology. Both isoforms

contain a Ser-His-Asp catalytic triad, yet unlike many serine hydro-

lases they are poorly detected by conventional broad-spectrum ABPs

such as fluorophosphonate-rhodamine (FP-Rh, compound 1; see

Figure 2) (Hoover et al., 2008; Hsu et al., 2012). This gap created the

need for tailored covalent probes to study their activity.

To address this, the Cravatt lab developed HT-01 (compound 2),

the first DAGL-directed fluorescent ABP in 2012 (Hsu et al., 2012).

Based on the established triazole urea chemotype, HT-01 retains the

core scaffold, but the piperidyl moiety was replaced by a

F IGURE 1 Overview of the 2-arachidonoylglycerol (2-AG) metabolic pathway and associated tailored fluorescent probes with their
reported applications. Diacylglycerol (DAG) is hydrolysed by diacylglycerol lipase (DAGLα and DAGLβ) to produce the endocannabinoid 2-AG,
which is degraded by monoacylglycerol lipase (MAGL) and α,β-hydrolase domain-containing proteins ABHD6 and ABHD12 to arachidonic acid
(AA). Tailored fluorescent probes discussed in this review are shown in relation to their target enzyme and direct translational applications.
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F IGURE 2 Legend on next page.
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phenethylamine for potency, and a BODIPY fluorophore linked via a

spacer (Figure 2; compound 2). The resulting covalent, irreversible

probe enabled fivefold stronger visualisation of endogenous DAGLβ

activity in gel-based ABPP experiments using proteomes from Neu-

ro2A cells, primary neurons and mouse brain. HT-01 served as a com-

petitive probe for the discovery and target engagement of DAGL

inhibitors KT109 (compound 3a) and KT172 (compound 3b), and dem-

onstrated ABHD6 as a significant off-target for both inhibitors.

A year later, we introduced MB064 (compound 4), the first

DAGLα-directed fluorescent ABP (Baggelaar et al., 2013). MB064 was

derived from the clinically-used drug tetrahydrolipstatin (orlistat; com-

pound 5), a lipase inhibitor containing a β-lactone warhead. Introducing

an alkyne at the short alkyl tail enabled attachment of a BODIPY as a

fluorescent reporter via click chemistry. MB064 provided robust read-

outs of DAGLα activity in gel-based ABPP experiments using mouse

brain membranes (Deng et al., 2017). Competitive ABPP using MB064

facilitated the discovery of LEI-105, a highly selective, potent, and

reversible DAGL inhibitor (Baggelaar et al., 2015). Both HT-01 and

MB064 remain essential tools for profiling DAGL activity and guiding

inhibitor discovery; however, they cannot be used as imaging probes to

visualise DAGL activity in cells and tissue due to their lack of selectivity.

Building further on the triazole urea scaffold, DH376 (compound

6) and DO34, were developed with nanomolar potency against

DAGLα (IC50: �6 nM) and DAGLβ (IC50: 3–8 nM), as determined by a

natural substrate assay and ABPP experiments (Ogasawara

et al., 2016). The alkyne in DH376 enabled its use as a two-step ABP

for in vivo target engagement studies, which revealed the short half-

life of DAGLα. Both DH376 and DO34 showed good in vivo activity

and were instrumental in studying the physiological processes involv-

ing 2-AG biosynthesis, such as synaptic plasticity in the hippocampus

and cerebellum, cocaine seeking, alcohol addiction, food intake, neu-

roinflammation, anxiety and stress, learning and memory, pain sensa-

tion and voluntary movement (Maccarrone et al., 2023). It should be

noted that DO34 and DH376, but not LEI-105, also inhibited a few

other serine hydrolases, such as ABHD6, butyrylcholinesterase

(BCHE) and CES1C (mouse homologue of CES1), as determined by

chemical proteomics (Ogasawara et al., 2016; Van Rooden

et al., 2018). Exploiting its alkyne handle, DH376 was converted into

DH379 (compound 7), a tailored fluorescent probe with a BODIPY

reporter, which allowed for gel-based ABPP of both DAGL isoforms

(Ogasawara et al., 2016). In summary, a versatile set of broad-

spectrum and tailored ABPs for DAGL have been developed, which

allowed in vivo target engagement and drug discovery studies. No

specific ABPs or PET tracers are currently available to visualise DAGL

activity in cells, organoids, tissue slices, intact animals or humans.

3 | MAGL-TARGETED PROBES

MAGL is the principal enzyme that hydrolyses 2-AG to arachidonic

acid, a precursor for pro-inflammatory lipid mediators, thereby regu-

lating CB1R-mediated processes and inflammation in the brain

(Baggelaar et al., 2018). Owing to this central role in lipid signalling,

MAGL has attracted considerable interest as a therapeutic target (Van

Egmond et al., 2021). This has spurred extensive efforts to develop

selective inhibitors, some of which have been redesigned into fluores-

cent probes (Figure 2).

In 2013, Cravatt's lab performed a chemoproteomic analysis of car-

bamate electrophiles across serine hydrolases using ABPP (Chang

et al., 2013). This revealed O-hexafluoro-isopropyl (HFIP) carbamates

as particularly selective for the 2-AG hydrolases (MAGL and ABHD6).

Guided by this and previous structure–activity relationship studies, they

developed MAGL-selective HFIP carbamate JW651 (compound 8)

(ABPP IC50: �38 nM; substrate assay IC50: 4.5 nM), which elevated

brain 2-AG levels �10-fold in mice. Using the same motif, they gener-

ated JW912 (compound 9), the first fluorescent covalent probe for

MAGL and ABHD6. JW912 enabled in-gel ABPP at 100 nM but lacked

selectivity; however, co-incubation with inhibitors such as JW651 (for

MAGL) or KT-195 (for ABHD6) allowed reporting of either enzyme's

cellular distribution. This requirement for pre-treatment with inhibitors,

however, may perturb the physiological system under study.

JW651 was further adapted with an alkyne (JW651yne) to act as

a two-step probe in ABPP experiments using click chemistry. We lev-

eraged this handle to attach a Cy5 fluorophore, producing LEI-463

(compound 10), the first selective, covalent, and irreversible fluores-

cent probe for MAGL (Prokop et al., 2021). Combining a highly selec-

tive covalent MAGL ligand with the bright Cy5 fluorophore enabled

pharmacoSTORM super-resolution imaging, yielding the first nano-

scale, subcellular maps of MAGL. Pretreatment with the covalent

MAGL inhibitor JZL184 greatly diminished the LEI-463 signal,

whereas immunostaining remained bright, demonstrating the selective

visualisation of active MAGL. This super-resolution imaging enables

visualisation of subcellular drug-target interactions, thereby linking

nanoscale target-engagement with pharmacological effects.

More recently, we applied the same probe LEI-463, and related

analogues LEI-463BDP-TMR/BDP-FL, in activity-based histology of

fresh-frozen human brain tissue (Van Der Vliet et al., 2025). This study

enabled the first high-resolution spatial mapping of MAGL in human

brain tissue, illustrating how legacy covalent inhibitors can be repur-

posed with modern imaging techniques.

In parallel, Nazaré and co-workers developed a modular probe

platform (compound 11) for MAGL using reverse-design and structure

F IGURE 2 Overview of covalent fluorescent probes for 2-AG metabolic lipases. Representative probes are shown for diacylglycerol lipases
(DAGLα/β), monoacylglycerol lipase (MAGL), and the α/β-hydrolase domain containing proteins (ABHD6 and ABHD12). Reactive warheads are
highlighted in red, reporter groups in purple, and grey arrows indicate original reverse-design scaffold. Enzymes labelled by the tailored ABPs
other than their target enzymes are colour coded (blue: DAGL; red: MAGL; orange: ABHD6; black: ABHD12). Abbreviations: BDP, boron-
dipyrrolemethene; HFIP, hexafluoro-isopropanol; NBD, nitrobenzoxadiazole; ODSO, 7-oxa-2,5-diazaspiro[3,4]octan-6-one; SiR, silicon
rhodamine; TFMG, trifluoromethyl glycerol; TMR, tetramethyl rhodamine.
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activity relationship studies from compound 12 (Hentsch, Guberman,

Radetzki, Kaushik, Huizenga, Paul, et al., 2025). The pharmacophore

core tolerated interchangeable headgroups (irreversible carbamates or

reversible ureas) and a rigid exit vector for conjugation to various

fluorophores (nitrobenzoxadiazole, NBD; boron-dipyrrolemethene,

BODIPY; silicon rhodamine, SiR; and cyanine 3, Cy3). These probes

retained high potency (IC50: 0.09–1.15 nM) and high selectivity as

determined by gel-based ABPP and were applied to subcellular MAGL

imaging of neuronal and cancer cells as well as quantification in

patient-derived peripheral blood mononuclear cells as a biomarker.

The same research group miniaturised the probe by cleverly

embedding the BODIPY fluorophore directly into the hydrophobic scaf-

fold (compound 13), thereby avoiding long linkers that may impair drug-

like properties (Hentsch, Guberman, Radetzki, Kaushik, Huizenga, He,

et al., 2025). These compact probes retained nanomolar potency (IC50:

0.14–0.28 nM), whilst improving physiochemical properties such as sol-

ubility. Beyond imaging in brain organoids, they enabled fluorescent

polarisation assays, flow cytometry and autoradiography. The latter was

facilitated by facile radiolabelling of the BODIPY in compound 13 with
18F, allowing autoradiographic mapping of MAGL in mouse brain slices.

In summary, MAGL-targeted probes combine excellent selectivity,

potency and chemical versatility enabling powerful imaging applica-

tions. Because they rely on covalent active site trapping, they inacti-

vate the enzyme, which is not compatible with real-time imaging of

MAGL in intact cells without disturbing its function. A future direction

would be to develop probes that report on MAGL activity without

permanent inactivation, for example, through ligand-directed

approaches (Tamura & Hamachi, 2025).

4 | ABHD6 AND ABHD12-TARGETED
PROBES

Alongside MAGL, the serine hydrolases ABHD6 and ABHD12 also

contribute to 2-AG hydrolysis, with ABHD6 predominantly active in

postsynaptic sites and ABHD12 in the microglia (Lau et al., 2024;

Marrs et al., 2010). Despite their relevance, probe development for

these enzymes remains limited. To date, the only dedicated tool is the

dual ABHD6- and ABDH12-targeted two-step ABP JJH350 (com-

pound 14), and no selective fluorescent probes have been reported

for either enzyme.

The promiscuous active site of ABHD6 has, however, allowed inci-

dental labelling by other tailored probes. DAGL-directed probes such

as HT-01, MB064 and DH379 as well as the MAGL-directed JW912

all display ABHD6 activity. This property was exploited by imaging

ABHD6 in live cells with JW912 in the presence of a selective MAGL

inhibitor (Chang et al., 2013). Broad spectrum probes such as FP-Rh

also label both ABHD6 and ABHD12, albeit with limited specificity.

For ABHD12, the introduction of JJH350 enabled a two-step ABPP

workflow to support structure–activity relationship studies, ultimately

leading to the discovery of DO264, a potent (IC50: 11 nM), selective

and in vivo active ABHD12 inhibitor (Ogasawara et al., 2019).

In summary, ABHD6 and ABHD12 remain underexplored

compared with DAGL and MAGL. Existing probes rely largely on

cross-reactivity or two-step strategies, limiting their application for

high-resolution imaging. Future efforts should focus on adapting scaf-

folds such as JJH350 or DO264 into fluorescent probes, enabling

direct visualisation of ABHD6 and ABHD12 activity in cells and

tissues.

5 | CONCLUSIONS AND OUTLOOK

Covalent fluorescent probes have become indispensable tools for

investigating 2-AG signalling, enabling direct visualisation of enzyme

activity from in vitro assays to intact brain slices. In turn, yielding

pharmacological insights through direct measurement of target

engagement, resolution of isoform selectivity and linking enzyme inhi-

bition with physiological and spatiotemporal changes in vivo. This field

has progressed from broad-spectrum probes such as FP-Rh to increas-

ingly tailored-designs for DAGL and MAGL. Each subclass of covalent

probes (broad or tailored) offers distinct advantages, with the most

selective probes now supporting high resolution spatiotemporal stud-

ies. Recent innovations, including miniaturised drug-like probes and

super-resolution imaging applied to intact brain tissues, underscore

the rapid pace of development.

Despite these advances, several challenges remain. For DAGL,

achieving selectivity without cross-reactivity with ABHD6 is difficult.

Structural insights on DAGL from crystallography, cryo-EM or Alpha-

Fold are likely to accelerate probe development, as has already

occurred for MAGL. More broadly, probes capable of reporting on

enzyme activity without irreversible inactivation are needed to enable

dynamic tracking in live cells and tissues, with ligand-directed

approaches offering promising solutions. Additionally, ABHD6 and

ABHD12 still lack dedicated fluorescent probes.

Beyond 2-AG metabolism, the anandamide branch of the ECS

remains largely unexplored with covalent fluorescent ABPs. A small

set of inhibitors, including LEI-301 for PLAAT 1–5, LEI-401 for NAPE-

PLD and PF-04457845 for FAAH, could serve as starting points for

reverse-design into fluorescent probes (Johnson et al., 2011; Mock

et al., 2020; Zhou et al., 2020). By contrast, other enzymes in the AEA

pathway, such as PLA2G4E, ABHD4 and the GDE family, still lack

suitable inhibitor scaffolds (Alexander et al., 2025). Addressing these

gaps would complete the chemical biology toolbox for precise interro-

gation of the enzymes of the ECS to assist in drug discovery and

development.

5.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-

sponding entries in http://www.guidetopharmacology.org, and are

permanently archived in the Concise Guide to PHARMACOLOGY

2021/22 (Alexander et al., 2021).
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Devane, W. A., Hanuš, L., Breuer, A., Pertwee, R. G., Stevenson, L. A.,

Griffin, G., Gibson, D., Mandelbaum, A., Etinger, A., & Mechoulam, R.

(1992). Isolation and structure of a brain constituent that binds to the

cannabinoid receptor. Science, 258, 1946–1949. https://doi.org/10.

1126/science.1470919

Dinh, T. P., Carpenter, D., Leslie, F. M., Freund, T. F., Katona, I., Sensi, S. L.,

Kathuria, S., & Piomelli, D. (2002). Brain monoglyceride lipase partici-

pating in endocannabinoid inactivation. Proceedings of the National

Academy of Sciences, 99, 10819–10824. https://doi.org/10.1073/

pnas.152334899

Doherty, P., & Williams, G. (2025). DAGLα/β, 2-AG release, and Parkin-

son's Disease: Exploring a causal link. bioRxiv, 2025-04.

Gao, Y., Vasilyev, D. V., Goncalves, M. B., Howell, F. V., Hobbs, C.,

Reisenberg, M., Shen, R., Zhang, M. Y., Strassle, B. W., Lu, P., Mark, L.,

Piesla, M. J., Deng, K., Kouranova, E. V., Ring, R. H., Whiteside, G. T.,

Bates, B., Walsh, F. S., Williams, G., … Doherty, P. (2010). Loss of ret-

rograde endocannabinoid signaling and reduced adult neurogenesis in

diacylglycerol lipase Knock-out mice. The Journal of Neuroscience, 30,

2017–2024. https://doi.org/10.1523/JNEUROSCI.5693-09.2010

Hentsch, A., Guberman, M., Radetzki, S., Kaushik, S., Huizenga, M., He, Y.,

Contzen, J., Kuhn, B., Benz, J., Schippers, M., Paul, J., Leibrock, L.,

Collin, L., Wittwer, M., Topp, A., O'Hara, F., Heer, D., Hochstrasser, R.,

Blaising, J., … Nazaré, M. (2025). Highly specific miniaturized fluores-

cent Monoacylglycerol lipase probes enable translational research.

Journal of the American Chemical Society, 147, 10188–10202. https://
doi.org/10.1021/jacs.4c15223

Hentsch, A., Guberman, M., Radetzki, S., Kaushik, S., Huizenga, M., Paul, J.,

Schippers, M., Benz, J., Kuhn, B., Heer, D., Topp, A., Esteves Gloria, L.,

Walter, A., Hochstrasser, R., Wittwer, M. B., von Kries, J. P., Collin, L.,

Blaising, J., van der Stelt, M., … Nazaré, M. (2025). A highly selective

and versatile probe platform for visualization of Monoacylglycerol

lipase. Angewandte Chemie, International Edition, 64, e202413405.

https://doi.org/10.1002/anie.202413405

Hoover, H. S., Blankman, J. L., Niessen, S., & Cravatt, B. F. (2008). Selectiv-

ity of inhibitors of endocannabinoid biosynthesis evaluated by

activity-based protein profiling. Bioorganic & Medicinal Chemistry Let-

ters, 18, 5838–5841. https://doi.org/10.1016/j.bmcl.2008.06.091

Hsu, K.-L., Tsuboi, K., Adibekian, A., Pugh, H., Masuda, K., & Cravatt, B. F.

(2012). DAGLβ inhibition perturbs a lipid network involved in macro-

phage inflammatory responses. Nature Chemical Biology, 8, 999–1007.
https://doi.org/10.1038/nchembio.1105

Johnson, D. S., Stiff, C., Lazerwith, S. E., Kesten, S. R., Fay, L. K., Morris, M.,

Beidler, D., Liimatta, M. B., Smith, S. E., Dudley, D. T., Sadagopan, N.,

Bhattachar, S. N., Kesten, S. J., Nomanbhoy, T. K., Cravatt, B. F., &

Ahn, K. (2011). Discovery of PF-04457845: A highly potent, orally bio-

available, and selective urea FAAH inhibitor. ACS Medicinal Chemistry

Letters, 2, 91–96. https://doi.org/10.1021/ml100190t

Kim, H. K., Gonçalves, V. F., Husain, M. I., Müller, D. J., Mulsant, B. H.,

Zai, G., & Kloiber, S. (2023). Cross-disorder GWAS meta-analysis of

endocannabinoid DNA variations in major depressive disorder, bipolar

disorder, attention deficit hyperactivity disorder, autism spectrum dis-

order, and schizophrenia. Psychiatry Research, 330, 115563. https://

doi.org/10.1016/j.psychres.2023.115563

6 PUIJMBROECK and VAN DER STELT

 14765381, 0, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bph.70315 by L

eiden U
niversity L

ibrary, W
iley O

nline L
ibrary on [27/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-1029-5717
https://orcid.org/0000-0002-1029-5717
https://doi.org/10.2218/gtopdb/F943/2025.3
https://doi.org/10.2218/gtopdb/F943/2025.3
https://doi.org/10.1111/bph.15542
https://doi.org/10.1021/jacs.5b04883
https://doi.org/10.1002/anie.201306295
https://doi.org/10.1016/j.plipres.2018.05.002
https://doi.org/10.1016/j.plipres.2018.05.002
https://doi.org/10.1021/acschembio.6b01052
https://doi.org/10.1083/jcb.200305129
https://doi.org/10.1083/jcb.200305129
https://doi.org/10.1016/j.chembiol.2007.11.006
https://doi.org/10.1016/j.chembiol.2007.11.006
https://doi.org/10.1021/cb400261h
https://doi.org/10.1021/acs.jmedchem.6b01482
https://doi.org/10.1021/acs.jmedchem.6b01482
https://doi.org/10.1126/science.1470919
https://doi.org/10.1126/science.1470919
https://doi.org/10.1073/pnas.152334899
https://doi.org/10.1073/pnas.152334899
https://doi.org/10.1523/JNEUROSCI.5693-09.2010
https://doi.org/10.1021/jacs.4c15223
https://doi.org/10.1021/jacs.4c15223
https://doi.org/10.1002/anie.202413405
https://doi.org/10.1016/j.bmcl.2008.06.091
https://doi.org/10.1038/nchembio.1105
https://doi.org/10.1021/ml100190t
https://doi.org/10.1016/j.psychres.2023.115563
https://doi.org/10.1016/j.psychres.2023.115563


Lau, D., Tobin, S., Pribiag, H., Nakajima, S., Fisette, A., Matthys, D., Franco

Flores, A. K., Peyot, M. L., Murthy Madiraju, S. R., Prentki, M.,

Stellwagen, D., Alquier, T., & Fulton, S. (2024). ABHD6

loss-of-function in mesoaccumbens postsynaptic but not presynaptic

neurons prevents diet-induced obesity in male mice. Nature Communi-

cations, 15, 10652. https://doi.org/10.1038/s41467-024-54819-5

Maccarrone, M., Di Marzo, V., Gertsch, J., Grether, U., Howlett, A. C.,

Hua, T., Makriyannis, A., Piomelli, D., Ueda, N., & van der Stelt, M.

(2023). Goods and Bads of the endocannabinoid system as a therapeu-

tic target: Lessons learned after 30 years. Pharmacological Reviews,

75(5), 885–958. https://doi.org/10.1124/pharmrev.122.000600

Marrs, W. R., Blankman, J. L., Horne, E. A., Thomazeau, A., Lin, Y. H.,

Coy, J., Bodor, A. L., Muccioli, G. G., Hu, S. S. J., Woodruff, G., Fung, S.,

Lafourcade, M., Alexander, J. P., Long, J. Z., Li, W., Xu, C., Möller, T.,

Mackie, K., Manzoni, O. J., … Stella, N. (2010). The serine hydrolase

ABHD6 controls the accumulation and efficacy of 2-AG at cannabi-

noid receptors. Nature Neuroscience, 13, 951–957. https://doi.org/10.
1038/nn.2601

Matsuda, L. A., Young, A. C., & Bonner, T. I. (1990). Structure of a cannabi-

noid receptor and functional expression of the cloned eDNA. Nature,

346(6284), 561–564. https://doi.org/10.1038/346561a0
Mechoulam, R., Ben-Shabat, S., Hanus, L., Ligumsky, M., Kaminski, N. E.,

Schatz, A. R., Gopher, A., Almog, S., Martin, B. R., Compton, D. R.,

Pertwee, R. G., Griffin, G., Bayewitch, M., Barg, J., & Vogel, Z. (1995).

Identification of an endogenous 2-monoglyceride, present in canine

gut, that binds to cannabinoid receptors. Biochemical Pharmacology,

50, 83–90. https://doi.org/10.1016/0006-2952(95)00109-D
Mock, E. D., Mustafa, M., Gunduz-Cinar, O., Cinar, R., Petrie, G. N.,

Kantae, V., di, X., Ogasawara, D., Varga, Z. V., Paloczi, J., Miliano, C.,

Donvito, G., van Esbroeck, A. C. M., van der Gracht, A. M. F.,

Kotsogianni, I., Park, J. K., Martella, A., van der Wel, T., Soethoudt, M.,

… van der Stelt, M. (2020). Discovery of a NAPE-PLD inhibitor that

modulates emotional behavior in mice. Nature Chemical Biology, 16,

667–675. https://doi.org/10.1038/s41589-020-0528-7
Niphakis, M. J., & Cravatt, B. F. (2014). Enzyme inhibitor discovery by

activity-based protein profiling. Annual Review of Biochemistry, 83,

341–377. https://doi.org/10.1146/annurev-biochem-060713-035708

Ogasawara, D., Deng, H., Viader, A., Baggelaar, M. P., Breman, A., den

Dulk, H., van den Nieuwendijk, A. M., Soethoudt, M., van der Wel, T.,

Zhou, J., Overkleeft, H. S., Sanchez-Alavez, M., Mori, S., Nguyen, W.,

Conti, B., Liu, X., Chen, Y., Liu, Q. S., Cravatt, B. F., & van der Stelt, M.

(2016). Rapid and profound rewiring of brain lipid signaling networks

by acute diacylglycerol lipase inhibition. Proceedings of the National

Academy of Sciences of the United States of America, 113(1), 26–33.
https://doi.org/10.1073/pnas.1522364112

Ogasawara, D., Ichu, T.-A., Jing, H., Hulce, J. J., Reed, A.,

Ulanovskaya, O. A., & Cravatt, B. F. (2019). Discovery and optimization

of selective and in vivo active inhibitors of the lysophosphatidylserine

lipase α/β-hydrolase domain-containing 12 (ABHD12). Journal of

Medicinal Chemistry, 62, 1643–1656. https://doi.org/10.1021/acs.

jmedchem.8b01958
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