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A Fluorescence Displacement
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Arachidonoyl Ethanolamide (Anandamide)
and Oleoyl Amide (Octadecenoamide) Hydrolysis
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ABSTRACT. We describe a simple fluorescence displacement assay to measure hydrolysis of arachidonoyl
ethanolamide and oleoyl amide, two important pharmacological compounds. Hydrolysis at the amide linkage of
these ligands releases a fatty acid as one of the products. The displacement of a fluorescent fatty acid analogue
from rat liver farty acid-binding protein by the released fatty acid can thus be measured as a decrease in
fluorescence. This process is time- and concentration-dependent and shows hyperbolic enzyme kinetics.
Electrospray ionisation mass spectrometry was used to validate the assay. Copyright © 1997 Elsevier Science

Inc. BIOCHEM PHARMACOL 53;3: 433435, 1997.
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Anandamidet is an endogenous cannabinoid agonist acting
at the level of the cannabinoid receptor [1, 2], and oleoyl
amide has recently been identified as a sleep inducer [3].
The potential clinical and pharmacological benefits of
these compounds have therefore been established.

The hydrolytic cleavage of anandamide and oleoyl amide
at the amide linkage yields fatty acids, i.e. arachidonic acid
and oleic acid, and ethanolamine as products [4-9]. The
enzyme hydrolysing anandamide has been referred to as
either “anandamide amidohydrolase” or “anandamide ami-
dase” [4, 5]. Most published methods utilise radiolabelled
ligands to measure substrate hydrolysis and either TLC or
HPLC to separate the products, processes that are both
expensive and time consuming [7-10]. A recently pub-
lished method uses a simple extraction procedure to sepa-
rate radiolabelled ethanolamine from anandamide, but the
authors had to initially synthesise anandamide by using
radiolabelled ethanolamine [5]. Hydrolysis of phospholipids
and triglycerides by phospholipases A, and triglyceride li-
pases can be monitored by a fluorescence displacement as-

say in which released fatty acids displace a fluorescent facty
acid analogue, DAUDA, from FABP with a resultant de-
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crease in fluorescence [11, 12]. In this communication, we
describe a similar protocol to assay for anandamide and
oleoyl amide hydrolysis.

MATERIALS AND METHODS

Anandamide was obtained from Cascade Biochem (Read-
ing, UK) and oleoyl amide from Alexis Corporation (Not-
tingham, UK). DAUDA was purchased from Molecular
Probes (Eugene, OR, USA). Pentobarbitone was obtained
from Rhéne Mérieux (Essex, UK). All other chemicals
were obtained from Sigma.

Purification and delipidation of recombinant rat liver
FABP has been described [13-15]. For the preparation of
subcellular fractions, rabbits were killed by an overdose of
pentobarbitone (300 mg). The brains and livers were ex-
cised, and a 10% (w/v) homogenate was prepared in SET
buffer (0.25 M sucrose, | mM EDTA, 20 mM Tris. HCI, pH
7.4). The homogenates were centrifuged at 800g for 5 min
to remove cell debris. The supernatant fraction was centri-
fuged at 10,000g for 30 min before storage (—70°C). Protein
concentrations were determined by the method of Bradford
[16] using bovine serum albumin as a standard. All proce-
dures were performed at 4°C.

TE buffer (10 mM Tris. HCI, 1 mM EDTA, pH 7.6) [17]
contained 1 uM FABP, 1 uM DAUDA and protein solu-
tion. DAUDA fluorescence was measured at an excitation
wavelength of 350 nm and an emission wavelength of 500
nm [18, 19]. The percentage of initial fluorescence was
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FIG. 1. Displacement of DAUDA from liver FABP by anan-
damide (@), oleoyl amide (A), arachidonic acid (A), oleic
acid (), ethanolamine (+), and ethanol (M). Stock solu-
tions of ligand (10 mM) were dissolved in ethanol. Method-
ology described in text.

calculated as (fluorescence in the presence of ligand) +
(fluorescence in the absence of added ligand). Hydrolysis
assays were started by addition of protein, and rates were
calibrated with arachidonic acid or oleic acid (for anan-
damide and oleoyl amide, respectively). All ligands, with
the exception of DAUDA, were dissolved in ethanol.

Electrospray mass spectrometry was performed on a VG
Quattro II mass spectrometer (Fisons Instruments) using
methanol as solvent (10 pwL/min). Voltages were capillary
2.50 kV, HV lens 0.20 kV, cone 40 V. Spectra were col-
lected over 1 sec with 0.1-sec intervals. Arachidonic acid
was detected as a negative ion and anandamide as the posi-
tive ion. In the case of arachidonic acid, a 1-uM sample was
used for calibration.
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FIG. 2. The time-dependent hydrolysis of anandamide by
rabbit brain 100,000g microsomes. The sample contained
(A) buffer, 1 pM FABP, 1 pM DAUDA 10 pM arachi-
donoyl ethanolamide and (B) 100,000g microsomes (0.012
mg protein). The rate of hydrolysis displayed pseudo first-
order kinetics, with t,;, ~ 5 min.

RESULTS AND DISCUSSION

The hydrolysis of anandamide and oleoyl amide releases
fatty acids that can bind to liver FABP and displace the
fluorescent fatty acid probe DAUDA [11]. The two sub-
strates investigated, i.e. anandamide and oleoyl amide,
show low affinity for liver FABP, whereas the respective
two fatty acids produced in the hydrolysis, i.e. arachidonic
acid and oleic acid, bind with high affinity (Fig. 1). There-
fore, the hydrolysis of anandamide and oleoyl amide can be
measured by using a displacement assay with calibrations
using the appropriate fatty acid.

The hydrolysis of anandamide and oleoyl amide is time,
protein and substrate dependent. Pseudo first-order kinetics
are observed when adding protein (Fig. 2) hyperbolic ki-
netics are obtained with substrate variation and Ky, (ap-

TABLE 1. Kinetic parameters for the hydrolysis of anandamide and oleoyl amide by various tis-

sue fractions

Substrate Ky (M) Vonaxt Comments
Anandamide 28+1.1 5.5+ 1.3(6) Rabbit brain 100,000g microsomes¥
Anandamide 0.7+0.2 0.96 + 0.04 (8) Rabbit brain 10,000g cytosolt
Anandamide 12.7 5.6 Rat brain microsomes [9]

Anandamide 15 23 Mouse neuroblastoma 10,000g pellet [10}
Anandamide 6.9 0.95 Mouse neuroblastoma microsomes [10]
Anandamide 34 2.2 Rat brain membranes [7]

Anandamide 60 0.37 Porcine brain partially purified amidohydrolase [8]
Anandamide 30 3.3 Bovine brain homogenate [5]

Oleoyl amide 2.2+09 5.8 £ 0.8 (6) Rabbit brain 100,000g microsomes:
Oleoyl amide 53+0.7 1.0+ 0.8 (8) Rabbit brain 10,000g cytosol

Oleoyl amide 9.0 0.94 Mouse neuroblastoma 10,000g pellet [10]
Oleoyl amide 14.4 0.34 Mouse neuroblastoma microsomes [10]

T Nmoles ligand hydrolysed per minute per milligram of protein.

# Initial rates of hydrolysis were measured by fluorescence displacement and converted to units of nmoles of fatty acid released per minute
by using the appropriate calibration curve. The data were fitted to a hyperbolic equation to determine the apparent Ky, and V. values

(number of data points).
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parent) and V. (apparent) values are shown in Table 1.
Although it is difficult to compare kinetic parameters from
different tissue fractions, the kinetic parameters obtained
with this described fluorescence displacement method are
equivalent to values obtained by other laboratories (Table
1). To validate the production of arachidonic acid and
ethanolamine from anandamide, an incubated sample was
analysed by electrospray ionisation mass spectrometry. A
value of approximately 0.5 nmol arachidonic acid released
per minute per milligram of protein was obtained by using
this method, which correlates very well with the value ob-
tained in Table 1 (0.96 nmol/min/mg protein).

In conclusion, a simple fluorescence assay has been de-
scribed that allows rapid measurement of enzymatic acyl
ethanolamide hydrolysis. Although only anandamide and
oleoyl amide were used to validate the displacement assay,
other long-chain acyl ethanolamides, such as palmitoyl
ethanolamide, could also be used because long-chain fatty
acids are ligands for liver FABP [11]. This method is com-
parable to other methods that use radiclabelled ligands and
TLC or HPLC but has distinct advantages because it is
relatively inexpensive and fast.
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