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ABSTRACT The mammalian soluble epoxide hydrolase (sEH) plays a role in the regulation of blood pressure and vascular homeostasis through its hydrolysis of
the endothelial-derived messenger molecules, the epoxyeicosatrienoic acids. This study reports the cloning and
expression of a sEH homolog from chicken liver. The
resulting 63-kDa protein has an isoelectric point of 6.1.
The recombinant enzyme displayed epoxide hydrolase
activity when assayed with [3H]-trans-1,3-diphenylpro-

pene oxide (t-DPPO), as well as trans-9,10-epoxystearate
and the cis-8,9-, 11,12-, and 14,15- epoxyeicosatrienoic
acids. The chicken enzyme displayed a lower kcat:Km for
t-DPPO than the mammalian enzymes. The enzyme was
sensitive to urea-based inhibitors developed for mammalian sEH. Such compounds could be used to study the
role of chicken sEH in conditions in which endothelialderived vasodilation is believed to be impaired, such as
pulmonary hypertension syndrome.
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to produce an effect on hypoxia-induced hypertension
or isolated pulmonary coronary artery rings (MartinezLemus et al., 1999; Villamor et al., 2002; Odom et al.,
2004). Taken together, these results suggest that blood
pressure regulation in chicken may have similarities to
that of mammals.
In mammals, the epoxyeicosatrienoic acids (EET) are
paracrine- and autocrine-signaling molecules involved
in the regulation of vascular homeostasis, blood pressure, and inflammation (Roman, 2002). They are produced from arachidonic acid by cytochrome P450 enzymes in the endothelium of lung, cardiac, and renal
microvessels (Rosolowsky and Campbell, 1993; Zou et
al., 1996; Gebremedhin et al., 1998). They have been
shown to have vasodilatory actions in renal and cardiac
microvessels through activation of large conductance
Ca2+-activated K+ channels (Zou et al., 1996; Zhang et
al., 2001; Boardman et al., 2002). The EET also have
vasodilatory effects in bronchial smooth muscle (Zeldin
et al., 1995). In general, the EET display vasodilatory
effects and appear to function as endogenous antiinflammatory and hypotensive agents in most vascular
beds.
The mammalian soluble epoxide hydrolase (sEH) catalyzes the hydrolysis of aliphatic epoxides such as the
EET to their corresponding diols, the dihydroxyeicosatrienoic acids (DHET; Zeldin et al., 1993). This converts
the EET into compounds that resist incorporation into
lipid bilayers and can be excreted by the organism
(Weintraub et al., 1999). Soluble epoxide hydrolase has
been implicated in the metabolism of EET in human
vasculature (Fang et al., 2004). It has also been shown
to have a hypotensive effect in porcine coronary endo-

INTRODUCTION
Pulmonary hypertension syndrome (PHS) in chicken
includes a number of conditions such as right-sided congestive heart failure, hypoxemia, pulmonary hypertension (PH), and acites (Wideman, 2000). It is estimated
that PHS afflicts 4% of the broilers worldwide. Interestingly, broilers are more susceptible to PHS than to Leghorns (Julian, 1993). One contributing factor is thought
to be impaired endothelium-dependent vasodilation in
broilers relative to Leghorns (Martinez-Lemus et al.,
1999; Martinez-Lemus et al., 2003). Endothelium-derived factors such as NO (nitric oxide), endothelin-1, and
some eicosanoids have been shown to have vasoactive
properties in chicken (Wideman et al., 1999; Villamor et
al., 2002; Martinez-Lemus et al., 2003). It was found that
NO attenuates PH induced by hypoxia or endotoxin
in experiments employing NO synthase inhibitors and
supplementation of diet with L-arginine, a precursor of
NO (Wideman et al., 1995; Odom et al., 2004; Wideman
and Chapman, 2004). Endothelin-1 has been shown to
constrict chicken pulmonary arteries (Martinez-Lemus
et al., 2003). Examination of the eicosanoids has focused
on the actions of thromboxane and prostacyclin. Thromboxane has a vasoconstrictive effect in chicken pulmonary and cardiac microvessels (Wideman et al., 1999,
2001). However, cyclooxygenase inhibitors have failed
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thelial cells using an sEH inhibitor (Fang et al., 2001).
In vivo experiments employing rat and mouse models
have confirmed the role of sEH in the regulation of blood
pressure. Treatment with sEH inhibitors have shown
that the enzyme mediates blood pressure in rat models
of hypertension (Yu et al., 2000; Imig et al., 2002). Recently, sEH inhibitors have been shown to reduce lung
inflammation induced by tobacco smoke in a spontaneous hypertensive rat model (Smith et al., 2005).
Chickens produce the EET, as well as the EET hydrolysis products, the DHET (Nakai et al., 1992). This raises
the question of whether there is a sEH homologue in
chicken with epoxide hydrolase activity similar to the
mammalian enzymes. Discovery of a sEH homolog
would have implications for the study and management
of PHS in chicken, especially if inhibitors of this enzyme
are identified. Therefore, we report the cloning and characterization of a chicken sEH homolog.

MATERIALS AND METHODS
Total RNA and cDNA Library Preparation
Liver (0.5 g) from a 6- to 8-wk male Cobb broiler
chicken was homogenized in 7.0 mL of TRIzol reagent
(Invitrogen, Carlsbad, CA) with a Polytron grinder rotating at 9,000 rpm for 1 min, and then left at room temperature for 5 min. The sample was centrifuged at 12,000 ×
g for 15 min at 4°C, and then 1.4 mL of chloroform were
added. The sample was left at room temperature for 5
min and then centrifuged at 12,000 × g for 15 min at
4°C. The upper phase was transferred to a new tube,
and 3.5 mL of isopropanol were added. After a 10-min
incubation at room temperature, the sample was spun
at 12,000 × g for 10 min at 4°C. The supernatant was
discarded, and 7 mL of 75% ethanol were added. The
sample was vortexed for 30 s and centrifuged at 7,500
× g for 5 min at 4°C. This 75% ethanol wash was repeated
one more time, and then the pellet was allowed to air
dry for 10 min. The pellet was resuspended in diethyl
pyrocarbonate (DEPC)-treated deionized, distilled H2O,
and mRNA enrichment was performed using the Oligotex mRNA kit (Invitrogen). A first strand cDNA library
was constructed using the Superscript First-Strand Synthesis System for reverse transcription-PCR (Invitrogen).

5′ and 3′ RACE Experiments and PCR
A 5′ RACE experiment was performed on the total
RNA sample with the 5′ RACE System for Rapid Amplification of cDNA Ends kit (Invitrogen) using the nested
primers 5R1: 5′-CTGAAGCCAGACCTCTGGAA-3′,
5R2: 5′-CCGTGCAGGATGAGGCTCTCA GGAATGT3′, and 5R3: 5′-CCCTCGCTCCTGGACACCAAGCA-3′.
A 3′ RACE experiment was performed on the total RNA
sample with the 3′ RACE System for Rapid Amplification of cDNA Ends kit (Invitrogen) using the nested
primers 3R1: 5′-AAGCCCTTATCCGTTCCACCCGCC-
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3′, 3R2: 5′-TGCTTGGTGTCCAGGAGCGAGGG-3′, and
3R3:
5′-ACATTCCTGAGAGCCTCATCCTGCAC-3′.
Polymerase chain reaction was performed on the
chicken liver cDNA library using the primers CHXF: 5′GCGGCC GCATGGCGCGGAGGTTTGCGTTGTTC-3′
and CHXR: 5′-GCGGCCGCTCACAGCCGGGATACCC
TCAGCATG-3′ and Pfu polymerase (Stratagene, La
Jolla, CA) according to standard technique (Sambrook
and Russell, 2001). The clone was inserted into the vector
pCR-Blunt using the Zero Blunt PCR cloning kit (Invitrogen).

Baculovirus Expression
Baculovirus construction was performed using the
Bac-to-Bac Baculovirus Expression System (Invitrogen).
The Sf21 insect cells (Invitrogen) were used to amplify
the virus. Baculovirus titer was determined using the
BD BakPAK Baculovirus Rapid Titer kit (BD Biosciences
Clontech, Palo Alto, CA). A 100-mL culture of Trichoplusia ni cells were infected at 0.1 multiplicity of infection (MOI) and incubated for 1 h at 28°C; then, 400 mL
of ESF921 media (Expression Systems, Woodland, CA)
supplemented with 1× penicillin-streptomycin solution
(Sigma-Aldrich, St. Louis, MO) were added to the infected cells, and the culture was incubated for 72 h at
28°C.

Protein Purification
Infected T. ni cells (250 mL) were pelleted and resuspended in phosphate buffer with 10 mM imidazole. The
cells were homogenized with an Ultra-Turax T25 homogenizer (IKA Works, Wilmington, NC) at 17,500 rpm
for three 30-s intervals with 15 s of rest on ice between
each grinding. The homogenate was centrifuged at
100,000 × g for 1 h at 4°C. Ni-NTA HisBind Resin (0.3
mL; EMD Biosciences, Inc., Madison, WI) was rinsed
with 25 mL of 10 mM phosphate buffer (pH 7.4). The
supernatant was then gently mixed with the resin at 4°C
for 1 h. The supernatant and resin mixture was poured
into a 25-mL Biorad disposable column (Biorad, Hercules, CA) and allowed to drain by gravity flow. The
column was then washed with 45 mL of phosphate
buffer containing 60 mM imidazole at a rate of 1 mL/
min. The bound protein was eluted with 5 mL of phosphate buffer containing 250 mM imidazole at a rate of
1 mL/min. The eluant was concentrated to 1.5 mL on
a 30-kDa cut Centricon centrifugation filtration device
(Millipore, Billerica, MA). The concentrated sample was
applied to a 5-mL desalting column (Amersham, Piscataway, NJ) and eluted in 2 mL of 25 mM Tris-HCL (pH
7.5). Aliquots (100 L) were frozen in liquid nitrogen
and stored at −80°C for future use.

Extract Preparation
Fresh chicken liver was obtained from a 3-wk-old male
Cobb × Cobb broiler fed a corn/soy broiler starter diet
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that met NRC requirements. Liver was cut in small
pieces and suspended in 40 mL of 20 mM sodium phosphate buffer at 4°C (pH 7.4) containing 5 mM EDTA
and 1 mM phenylmethylsulfonyl fluoride and DL-dithiothreitol. The suspension was homogenized with a Polytron grinder rotating at 9,000 rpm for 1 min. The homogenate was centrifuged at 10,000 × g for 20 min at 4°C.
The supernatant was then centrifuged at 100,000 × g for
60 min at 4°C. The supernatant (the cytosol) was frozen
at −80°C until used as enzyme extract.

Protein Analysis
Protein concentration measurements were made using the BCA assay (Pierce, Rockford, IL) with BSA fraction V protein (Sigma-Aldrich) to derive a standard
curve. Polyacrylamide gel electrophoresis was performed using Novex precast polyacrylamide gels (Invitrogen) for both SDS-PAGE analysis and isoelectric
focusing. The SDS-PAGE gels were stained with Coomassie Brilliant Blue. Bands from isoelectric focusing
gels (3 to 10 pH) were excised and tested for epoxide
hydrolase activity using the radioactive epoxide hydrolase assay described subsequently. Protein purity
was estimated from a SDS-PAGE gel stained with Coomassie Brilliant Blue with the public domain ImageJ
software v1.33 (http://rsb.info.nih.gov/ij/).

Radiotracer Based Epoxide
Hydrolase Activity Assay
Epoxide hydrolase activity was measured using racemic [3H]-trans-1,3-diphenylpropene oxide (t-DPPO) as
substrate (Borhan et al., 1995). The t-DPPO was previously synthesized and purified (Borhan et al., 1995).
One microliter of a 5 mM solution of [3H]t-DPPO in
dimethylformamide was added to 100 L of enzyme
preparation in sodium phosphate buffer (0.1 M; pH 7.4)
containing 0.1 mg/mL of BSA ([S]final = 50 M). The
enzyme was incubated at 30°C for 10 min, and the reaction was quenched by the addition of 60 L of methanol
and 200 L of isooctane, which extracts the remaining
epoxide from the aqueous phase. Extractions with 1hexanol were performed in parallel to assess the possible
presence of glutathione transferase activity, which could
also transform the substrate (Borhan et al., 1995). The
activity was followed by measuring the quantity of radioactive diol formed in the aqueous phase using a scintillation counter (Wallac Model 1409, Gaithersburg,
MD). Assays were performed in triplicate.

IC50 Determination
The IC50 values reported herein were determined using racemic [3H]t-DPPO as a substrate (Borhan et al.,
1995). The inhibitors were synthesized as described
(Morisseau et al., 2002). Extracts of broiler hepatic cytosol or partially purified enzyme was diluted 50-fold in
pH 7.4, 0.1 M sodium phosphate buffer containing 0.1

mg/mL of BSA and then incubated with the inhibitors
for 5 min at 30°C prior to substrate introduction. Prepared samples were incubated at 30°C for 10 min and
stopped as indicated previously. Conditions used gave
rates that were linear, both with time and enzyme concentration. Assays were performed in triplicate. By
definition, IC50 is the concentration of inhibitor that reduces enzyme activity by 50%. IC50 was determined by
regression with a minimum of 2 points in the linear
region of the curve on either side of the IC50 (for a total
of 5 points). The curve was generated from at least 3
separate studies conducted in triplicate to obtain the
standard deviation given in the results section.

Determination of Kinetic Parameters
A solution of [3H]t-DPPO (1 L in dimethylformamide) was added to 100 L of enzyme preparation in
sodium phosphate buffer (0.1 M; pH 7.4) containing 0.1
mg/mL of BSA ([S]final = 50 M). The Km determination
was performed by fitting the data to the Michaelis-Menten equation using the nonlinear regression algorithm
in SigmaPlot (SPSS, Inc., Chicago, IL) with an R2 value
of ≥0.97. The standard deviation was generated by performing the experiment 3 separate times in triplicate.

Synthesis and Purification
of EET Regioisomers
The EET isomeric mixture (8,9-, 11,12-, and 14,15-EET)
was synthesized from arachidonic acid methyl ester by
a previously described method (Newman et al., 2002;
Smith et al., 2005). The mixture was separated to 14,15EET fraction (tR = 24.7 min) and 8,9- and 11,12-EET mixture fraction (tR = 29.5 min) with reverse-phase preparative HPLC (C18, 22 × 250 mm) at a flow rate of 18 mL/
min [75% of solvent A in solvent B; solvent A: acetonitrile-water-methanol, 51:40:9 (vol/vol/vol) with 0.01%
formic acid and solvent B: acetonitrile-methanol, 85:15
(vol/vol) with 0.01% formic acid]. The mixture of 8,9and 11,12-EET was separated to 8,9- EET fraction and
11,12-EET fraction with normal-phase preparative
HPLC (silica, 22 × 250 mm) at a flow rate of 18 mL/min
using 1% iso-propanol in n-hexane. Each fraction was
finally purified with normal-phase HPLC with the same
conditions described as previous to yield pure each isomer (8,9-EET: tR = 17.3 min, 11,12-EET: tR = 13.5 min,
14,15-EET: tR = 11.2 min).

Non-Radioactive Epoxide
Hydrolase Assays
The trans-9,10-epoxystearate was purchased (SigmaAldrich). A 5 mM solution of each substrate was made
in ethanol for the EET and methanol for the epoxystearate. The substrate solution (1 L) was added to 100 L
of enzyme preparation in sodium phosphate buffer (0.1
M; pH 7.4) containing 0.1 mg/mL of BSA ([S]final = 50
M). The enzyme was incubated with the substrate at
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30°C for 10 min, and the reaction was quenched by
addition of 400 L of methanol. The products were analyzed by HPLC-MS/MS as previously described (Newman et al., 2002) with the following exceptions. A 2.0mm × 20-mm, 3-m Luna C18 Mercury MS column (Phenomenex, Torrance, CA) was used with a 350-L/min
isocratic flow of 68:28:11 (vol/vol/vol) acetonitrile/water/methanol with 0.1% glacial acetic acid for 2.5 min.
Assays were performed in triplicate.

Phosphatase Assay
The phosphatase substrate, threo-9,10-phosphonooxyhydroxy-octadecanoic acid, was synthesized as previously described (Newman et al., 2003). The assay was
performed and analyzed by HPLC-MS/MS as described
by Newman et al. (2003).

RESULTS AND DISCUSSION
This study reports the cloning, expression, and characterization of a homolog of sEH in chicken. Sequence
fragments homologous to reported mammalian cDNA
sequences were discovered in 2 expressed sequence tag
databases. Sequences corresponding to the N-terminal
region of mammalian sEH were found in the University of Delaware ChikEST database at http://
www.chickest.udel.edu/ (Clone IDs: pgf2n.pk002.g24,
pgf2n.pk001.d21, and pgl1n.pk005.l13), and sequences
corresponding to the C-terminal region of mammalian
sEH were found in the Biotechnology and Biological
Sciences Research Council ChikEST database (template
ID: 341537.2; http://www.chick.umist.ac.uk/; Boardman et al., 2002). Primers for 5′ and 3′ rapid amplification
of cDNA ends (RACE) experiments were designed
based on these expressed sequence tag sequences. The
RACE experiments indicated that these fragments came
from a single cDNA sequence. The primers CHXF and
CHXR were designed based on the predicted 5′ and 3′
end of this cDNA sequence, and a 1686 base cDNA was
cloned from chicken liver (Figure 1).
This sequence was used to probe the first draft chicken
genome assembly determined by whole genome shotgun at the Genome Sequencing Center at Washington
University, St. Louis. The majority of the cDNA sequence is located on Chromosome 3 of the chicken genome. The first 100 base pairs of the cDNA sequence are
located in unplaced sequences of the chicken genome.
These 100 bases are contiguous and so may comprise
the first exon of the gene. The last 92 base pairs of the
cDNA sequence were not located in this draft of the
chicken genome. There is a gap in the genome downstream from the last predicted exon of the sEH homolog
gene, and it is possible that the missing base pairs fall
within this gap. This will be discussed further after a
closer examination of the sequence identities between
the translated sequence from chicken and reported
mammalian sEH sequences.
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The nucleotide sequence of this clone displays a high
degree of homology to mammalian and frog sEH sequences when aligned by the University of Virginia software LALIGN (http://fasta.bioch.virginia.edu/fasta/
align.htm; data not shown). It displays a 62.2% identity
to human sEH, a 60.5% identity to mouse sEH, and a
63.7% identity to frog sEH. The translated sequence is
51% identical to the human sequence, 50.8% identical
to mouse sEH, and 62.3% identical to frog sEH. Alignment of the amino acid sequences reveals a number of
important structural similarities between the chicken
and the human enzyme (Figure 2). The mammalian sEH
epoxide hydrolase catalytic triad is composed of a catalytic nucleophile, a histidine, and an orienting acid. In
the human enzyme, this triad is represented by Asp334,
His523, and Asp495 (Morisseau and Hammock, 2005). The
chicken enzyme preserves the identity and spacing of
these residues (marked with an arrow in Figure 2). Two
tyrosines (Tyr382 and Tyr465) polarize the epoxide in the
human enzyme (Morisseau and Hammock, 2005). These
residues and their approximate spacing are also conserved in the chicken enzyme as Tyr383 and Tyr471, respectively (marked by the circle in Figure 2).
In addition to this epoxide hydrolase catalytic site,
there is a second catalytic site on the N-terminal region
of the mammalian enzyme that has been shown to display phosphatase activity (Cronin et al., 2003; Newman
et al., 2003). The crystal structure of human sEH has
implicated Asp11 and Arg99 as having roles in this phosphatase activity through their involvement in the coordination of a magnesium atom in the active site (Gomez
et al., 2004). These residues are not conserved in the
chicken enzyme (marked by the triangles in Figure 2).
As mentioned previously, the last 92 base pairs of the
cDNA transcript were not found in the first draft of the
chicken genome. This region of the transcript encodes
for residues important for epoxide hydrolase activity in
mammalian enzymes. Specifically, an enzyme lacking
these residues would not possess the histidine that
aligns with His523 in the mouse sequence. Mutation of
this residue in the mouse sEH abolishes epoxide hydrolase activity (Pinot et al., 1995). The recombinant
protein possesses epoxide hydrolase activity, providing
evidence that the transcript represents the correct sequence of the chicken sEH homolog and was not the
result errors introduced during cloning.
Both the specific and general homology between the
mammalian and chicken enzymes suggest that the gene
cloned is a chicken sEH homolog. A 6 histidine tag was
encoded on the 3′ end of the construct for purification
purposes. Recombinant enzyme was then produced to
see whether the transcript encoded for a protein with
epoxide hydrolase activity.
The tagged construct was expressed in a baculovirus
expression system and purified on a nickel chelation
column to a maximum purity of 75% (Figure 3). Radioactively labeled t-DPPO was chosen as the initial substrate
to test for epoxide hydrolase activity (Borhan et al.,
1995). The resulting purified recombinant enzyme was
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Figure 1. Nucleotide sequence and translated protein sequence of the chicken soluble epoxide hydrolase cDNA. This DNA sequence has accession
number DQ120010 in the Genbank database.

found to have a lower specific activity than either mouse
or human sEH when assayed for epoxide hydrolase activity using t-DPPO. The specific activity of the chicken
enzyme was approximately 20 times lower than values
previously reported for mouse and 5 times lower than

values reported for human (Table 1). It was possible
that the histidine tag added to the recombinant enzyme
interfered with the epoxide hydrolase activity. It was
decided to test the effect of the tag on epoxide hydrolase
activity by examining the pattern of inhibition of epox-
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Figure 2. Alignment of the chicken soluble epoxide hydrolase (sEH) with human, mouse, and frog sEH. The mammalian epoxide hydrolase
“catalytic triad” residues are marked by arrows. Residues that polarize the epoxide moiety of the epoxide hydrolase substrate are marked by
circles. The catalytic nucleophile of the sEH phosphatase activity is marked by a triangle.

ide hydrolase activity in chicken liver crude extract compared with the purified recombinant enzyme.
Six inhibitors were chosen that have been shown to
have high, moderate, and low IC50 when tested against
human enzyme (Figure 4) (Morisseau et al., 2002). The
t-DPPO activity was used as a measure of epoxide hydrolase activity for both the crude extract and purified
recombinant enzyme. It was found that the recombinant
enzyme possessed the same relative response to inhibition as the chicken liver crude extract, giving evidence

that the tag did not interfere with epoxide hydrolase
activity. In some cases the IC50 values obtained with the
cytosol were different than the values obtained with the
purified recombinant enzyme, for example, with N,N′dicyclohexylurea (DCU). This difference could be due
to a number of factors. The purified protein solution
lacks enzymes that might bind or degrade the inhibitor.
This purified prep also lacks protiens or small molecules
that might interact with sEH and modulate the catalytic
activity of the enzyme. For these reasons, some differ-
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Figure 3. SDS-PAGE analysis of recombinant chicken soluble epoxide
hydrolase (sEH) purification. Samples were run on a Novex precast 12%
Tris-Glycine gel (Invitrogen, Carlsbad, CA) and stained with Coomassie
Brilliant Blue. Lane 1: 1 g of 250 mM imidazole eluant. Lane 2: 7 g
of 50 mM imidazole wash. Lane 3: 30 g of unbound fraction. Lane 4: 30
g of 100,000-g supernatant. Lane 5: 5 L of SeeBlue Plus 2 (Invitrogen,
Carlsbad, CA) molecular weight marker.

ence in IC50 values between the cytosol and purified
recombinant enzyme can be expected.
Of the inhibitors tested with the recombinant enzyme,
12-(3-adamantane-1-yl-ureido)-dodecanoic
acid
(AUDA) was the most potent. It possessed an IC50 of
13.7 nM when assayed with the recombinant enzyme.
This indicates that this urea-based inhibitor may be a
good choice for in vivo inhibition of the chicken enzyme.
Because the histidine tag did not interfere with epoxide hydrolase activity, the reduced activity of the
chicken enzyme is probably due to structural differences
between the mammalian and chicken sEH. The spacing

between catalytic triad residues is highly conserved
among mammalian enzymes (Beetham et al., 1995). The
distance between the catalytic aspartate and the orienting acid is 160 to 161 residues in rat, mouse, and human
sEH. This distance in the chicken sEH is 165 residues.
It is possible that this difference in spacing is responsible
for the attenuated epoxide hydrolase activity in the
chicken enzyme.
To determine whether the identified sEH homolog
was responsible for the majority of the epoxide hydrolase activity detected in chicken crude extract, purified recombinant enzyme and chicken liver crude extract
were run side by side on an isoelectric focusing gel. Each
lane was cut into 0.5- and 0.2-cm bands and assayed for
t-DPPO activity. All of the recovered activities in both
the purified recombinant and liver crude extract lanes
were located in single 0.2-cm bands corresponding to
the isoelectric point range of 6.0 to 6.2 (data not shown).
The purified recombinant enzyme has an experimentally determined molecular weight of 63 kDa and an
isoelectric point of 6.1 (data not shown). When assayed
with t-DPPO, the enzyme displays maximal epoxide hydrolase activity around pH 7.4 (data not shown). The
half-life of epoxide hydrolase activity is >6 d when the
enzyme is kept at 4°C. The half-life at 25°C is between
9 and 24 h, and the half-life at 37°C is <3 h (data not
shown).
The kcat and Km of the enzyme for t-DPPO was then
determined. The chicken enzyme has a higher Km and
lower kcat for t-DPPO than either the recombinant mouse
or human sEH (Table 1). Examining the kcat:Km, it was
found that t-DPPO was not a good substrate for the
chicken enzyme compared with the mouse or human
enzyme, having a value of 100- and 20-fold lower when
compared with the mouse or human enzymes, respectively (Table 1). The t-DPPO is not an endogenous substrate for the mammalian sEH. It does not possess the
long alkyl chain present in proposed endogenous fatty
acid substrates of the mammalian enzymes, such as the
EET (Table 1). For this reason, the chicken enzyme was
tested for epoxide hydrolase activity using a number of
the EET, as well as the fatty acid epoxide trans-9,10-epoxystearate.
The avian enzyme did not hydrolyze any EET or the
epoxystearate substrate as readily as it did t-DPPO (Tables 1 and 2). The enzyme showed the least activity

Table 1. Kinetic parameters using trans-1,3-diphenylpropene oxide (t-DPPO) as a substrate
Structure of t-DPPO

Kinetic
parameter

Recombinant
chicken sEH1

Recombinant
mouse sEH

Recombinant
human sEH

Specific activity
(nmol/min per mg)
Km (M)
kcat (/s)
kcat/ Km(M/s)

823.1 ± 27.3
25.3 ± 0.9
0.9 ± 0.03
0.04

17,000 ± 300.0
4.3 ± 0.6
18.0 ± 0.3
4.2

4,500 ± 200.0
6.2 ± 0.6
4.3 ± 0.3
0.7

1
Recombinant chicken soluble epoxide hydrolase (sEH) was partially purified as described. Assay conditions
are described in the Materials and Methods section. Results are presented as the means ± standard deviations
of 3 separate experiments. Values for the human and mouse enzyme are from Morisseau et al. (2000).
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Figure 4. IC50 values for the urea-based inhibitors N-cyclohexyl-N′-ethylurea (CEU), N,N′-dicyclohexylurea (DCU), N-cyclohexyl-N′-dodecylurea
(CDU), N-adamantyl-N′-cyclohexylurea (ACU), and 12-(3-adamantane-1-yl-ureido)-dodecanoic acid (AUDA). Recombinant chicken soluble epoxide
hydrolase (sEH) was partially purified as described. Assay conditions are described in the Materials and Methods section. Error bars represent
the standard deviations.

toward cis-9,10-epoxystearate. The enzyme hydrolyzed
the EET at higher rates; 14,15-EET was the best substrate
(Table 2), albeit the activity was <1/30th the activity
measured with t-DPPO. The enzyme hydrolyzed 11,12and 8,9-EET at nearly equal rates (Table 2). Both the
mouse and chicken enzymes hydrolyze 14,15- EET at
over twice the rate of 11,12- and 8,9-EET (Table 2).
Although residues thought to be important to the
mammalian sEH phosphatase activity were not conserved in the chicken sEH, this activity has a potential

role in the regulation of blood pressure (Arand et al.,
2003). For this reason, the phosphatase activity of the
chicken enzyme was assayed using the substrate threo9,10-phosphonooxy-hydroxy-octadecanoic acid. The
chicken enzyme did not hydrolyze this substrate under
the conditions developed for the mammalian enzyme
phosphatase activity assay.
The EET are important endothelial-derived vasoactive
signaling molecules in mammals. The mammalian sEH
has been shown to convert the EET to their correspond-

Table 2. Specific activity of substrates
Specific activity (nmol/min per mg)
Recombinant
chicken sEH1

Recombinant
mouse* and mouse

3.1 ± 0.2

1,139 ± 34*

14,15-EET

24.5 ± 2.1

1,260.0

11,12-EET

12.0 ± 1.2

640.0

8,9-EET

11.6 ± 0.1

370.0

Compound name
cis-9,10-epoxystearic acid

Structure

1
Recombinant chicken soluble epoxide hydrolase (sEH) was partially purified as described. Assay conditions
are described in the Materials and Methods section. Results are presented as the means ± standard deviations
of 3 separate experiments. Values for the mouse enzyme assayed with cis-9,10-epoxystearic are from Morisseau
et al. (2000). Values for the mouse enzyme assayed with the EET (epoxyeicosatrienoic acid) are from Chacos
et al. (1983).
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ing diols, the DHET. Through this epoxide hydrolase
activity, the mammalian sEH plays a role in blood pressure regulation. In this study, a chicken sEH homolog
was identified, and the epoxide hydrolase activity of the
recombinant enzyme was assayed using the EET and
other substrates of the mammalian enzyme. It was found
that the chicken enzyme had similar activities to the
mammalian enzymes. It was also found that the recombinant enzyme was inhibited by a number of urea-based
inhibitors. The AUDA was the most potent of these inhibitors and could be used to inhibit the enzyme in vivo.
This would be a valuable tool to probe the role of sEH
in endothelial-derived vasodilation in chicken. In particular, a sEH inhibitor could be used in chicken models
of PH, where it is believed that endothelial-derived vasodilation has been impaired.
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