Mol Biol Rep (2009) 36:691-696
DOI 10.1007/s11033-008-9230-7

An unannotated o/f hydrolase superfamily member, ABHD6
differentially expressed among cancer cell lines

Fan Li - Xiangwei Fei - Jiaxi Xu - Chaoneng Ji

Received: 29 December 2007/ Accepted: 10 March 2008 / Published online: 22 March 2008

© Springer Science+Business Media B.V. 2008

Abstract Abhydrolase domain containing (Abhd) gene
was a small group belongs to o/ff hydrolase superfamily.
Known members of this group are all found to be involved
in important biochemical processes and related to various
diseases. In this paper, we report the tissue distribution,
subcellular location and differential distribution among
cancer cell lines of Abhd6, one unannotated member of this

group.
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Introduction

As one of the largest protein superfamilies, o/ hydrolase
fold superfamily has gone through an interesting evolu-
tionary process that seemly unrelated amino sequences can
conform to structure with similarities. Ollis et al. named
the same protein fold of 5 apparently unrelated hydrolases
as o/f hydolase fold in the early 1990s. A canonical o/ff
hydrolase fold consists of an eightstranded parallel o/f8
structure [1].

Enzymes in this family may have unrelated sequences,
various substrates, and different kinds of catalytic
activities such as: carboxylic acid ester hydrolase, lipase,
thioester hydrolase, peptide hydrolase, haloperoxidase,
dehalogenase, epoxide hydrolase and C—C bond breaking
enzymes [2]. The most distinguishing feature in common
is that the enzymatic properties of the o/f hydrolases are
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based on the Nucleophile-His-Acid catalytic triad which
is evolved to bind with different substrates in various
biological contexts [2, 3]. The nucleophile is not fixed, it
can be a serine, cysteine or an aspartate. Unlike fold size
in other superfamilies, the fold of this family ranges
widely from 197 to 583 residues [3]. The highly diver-
gent evolution and relatively low structural similarity
make o/ff hydrolase fold family one of the most wide-
spread and functionally diverse protein families in
nature.

The o/f hydrolases involve in nearly all physiological
and pathological processes and are always taken as drug
targets when treating diseases like diabetes, Alzheimer’s
disease, obesity, and blood clotting disorders etc [4]. Given
the significant role they played in drug design and protein
engineering, over 50 «/f hydrolase fold structures have
been solved so far [3].

Three genes containing o/ hydrolase fold were firstly
cloned from murine lung by screening differentially
expressed genes in emphysematous tissue. Then they were
termed as abhydrolase domain containing (Abhd) genes,
(Abhdl, 2, 3) with high sequence similarities with their
respective human homologies. Up till now, 15 human o/f
hydrolase domain containing genes have been reported, but
most of them have not been functionally annotated. Abhd1
was predicted to take part in metabolizing smoking xeno-
biotics [5]. Keishi et al.’s study illustrated that Abhd2
deficient mice showed enhanced migration of vascular
smooth muscle cells. In their another paper, expression of
ABHD2 in human varied with monocyte differentiating
into macrophage, and this variation is critical for the
development of atherosclerosis [6, 7]. Abhd4 was proved to
be involved in an alternative synthesis pathway of NAE
[8]. Mutations in Abhd5 (abhydrolase domain containing
5,also known as CGI-58) gene were found to contribute to
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Chanarin—Dorfman syndrome, an autosomal recessive
disorder of neutral lipid metabolism [9, 10, 11].

Alignment of consensus active site motifs of members
of mouse o/ff hydrolase family performed by Gabriel
M. Simon et al. showed that 12 of the 15 mAbhds choose
serine nucleophile to form G-X-S-X-G “nucleophile
elbow” [11], the 12 genes are also grouped into serine
hydrolases (SH) with serine residue in their active site.
A novel strategy has just been developed for discovering
inhibitors of SH, and Abhd6, like most SHs, was found to
be inhibited by some specific carbamates [12]. They also
suggested a role of this enzyme in nervous system
metabolism and signaling.

Maier et al. identified Abhd6 as a target gene for Epstein—
Barr virus (EBV) nuclear antigen 2 (EBNA-2) who was a
critical gene involved in pathogenesis of EBV-related dis-
orders such as: endemic Burkitt’s lymphoma, Hodgkin’s
lymphoma, and post-transplant lymphoma [13].

Fuelled by the remarkable number of uncharacterized
members and potential roles in disease development of this
enzyme group, we intend to start from the unannotated
member Abhd6, whose function and cellular processes
involved are basically unknown, and to explore its relation
with diseases.

Materials and methods
Bioinformatics analysis

DNA and protein sequence comparisons were carried out

using BLAST at NCBI (http://www.ncbi.nlm.nih.gov/blast).
Information of mouse Abhd6 was given by Mouse

Genome Informatics (http://www.informatics.jax.org/).

SAGE analysis was performed by CGAP (http://www.
cgap.nci.nih.gov/).

Prediction of signal peptide and transmembrane regions
was done by InterProScan (http://www.ebi.ac.uk/Inter
ProScan).

Alignment comparison between mouse and human
Abhd6 was done by using GeneDoc.

Semi quantification was performed by gel computer
image system Quantity One (BioRad).

Phylogenetic tree of 15 known human o/f hydrolase
domain containing genes was constructed with Mega 3.1.

cDNA library

By using a SMART PCR cDNA library construction kit
(Clontech), a high quality human fetal cDNA library was
constructed from human fetal brain poly(A)+ mRNA.
After Sfil digestion, cDNAs greater than 500 bp were
ligated into the SfilA and SfilB sites of the modified
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pBluescript II SK (+) vector (two Sfil recognition sites,
SfilA and SfiIB, were introduced between the EcoRI and
Notl sites of pBluescript II SK(+)(Stratagene)). Double-
stranded cDNAs were synthesized using SMARTTM
cDNA Library Construction Kit (Clontech). The cDNA
inserts were sequenced with BigDye primer and BigDye
terminator Cycle Sequencing Kit on an ABI377 sequencer
(Perkin-Elmer) using M13 consensus primers. If neces-
sary, primer walking was performed. Each part of the
insert was sequenced at least three times bidirectionally.
Full-length cDNA sequences were assembled by assembly
program (Sanger Center).

Plasmid construction

Complete open reading frame (ORF) of Abhd6 gene was
cloned from the fetal brain library using Pfu DNA poly-
merase. Primers were 5'-cggaattct GATCTTGATGTGGT
TAACATGTTTGT-3' (forward) and 5'-cgggatcc TCAGT
CCAGCTTCTTGTTGTTGTC-3' (reverse). The PCR
products were then cloned into EcoRI and BamHI restric-
tion sites of pEGFP-C1 (Clontech) vector. Fusion plasmid
has gone through high quality sequencing.

Cell culture

AD293, Hela and U251 were incubated in DMEM sup-
plemented with 10% newborn calf serum at 37°C, 5%
CO,.

PC-3, U2-0S and QGY-7703 were incubated in DMEM
supplemented with 10% fetal bovine serum at 37°C, 5%
CO,.

HO-8910 and Jurkat was incubated in RPMI-1640
medium containing 10% fetal bovine serum at 37°C and
5% CO;.

Total RNA extraction and RT-PCR

Total RNA of the cells above (except AD293) were
extracted by using Rneasy mini kit (Qiagen), and lug total
RNA were immediately reversetranscripted in 20 pl
RT-PCR reaction system using First Strand cDNA Syn-
thesis kit (Toyobo). Template RNA was quantified before
transcription by measuring O.D. A260 /A280 ratio in the
range of 1.5-1.9.

Subcellular location

When the growth density of AD293 cells reached 80%,
1.5 pg recombinant plasmid was transfected into with
Lipofectamine 2000 (Invitrogen) according to the
manufacture’s instruction. After 36 h incubation, cell
nucleuses were dyed with DAPI and green fluorescence
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was viewed with Olympus inverted fluorescence

microscopy.
Expression profile
Normal tissue panel

Two human Multiple Tissue cDNA (MTC) panels
(CLONTECH) were used to examine the expression pat-
tern of Abhd6 among tissues. The specific primers for
Abhd6 were 5-GCTCAGTGTGGTCAAGTTCCTTCCA-
3" and 5-TTCCATCACTACTGAGTGCCCACAG-3'. The
primers for G3PDH were 5-TGAAGGTCGGAGTCAA
CGGATTTGGT-3’ and 5'-CATGTGGGCCATGAGGTCC
ACCAC-3". PCR conditions for Abhd6 were 38 cycles at
94°C for denaturation (30 s), 60°C for annealing (45 s),
and 72°C for extension (70 s); PCR conditions for G3PDH
were 35 cycles of 94°C for denaturation(30 s), 58°C for
annealing (40 s), 72°C for extension (60 s).

Each final extension step consisted of 72°C incubation
for 5 min.

PCR products were then subjected to electrophoresis on
a 1.5% agarose gel. The region between primers spans
673 bp in the cDNA from 622 to 1294 bp.

Expression pattern of tumor cell lines

Semi-quantification PCR was performed among 7 tumor
cell lines. Primers and PCR conditions for both Abhd6 and
G3PDH were the same as above. PCR products were
sequenced to be correct. Each RNA quantity was normal-
ized to its respective G3PDH control. Electrophoresis was
performed on a 1.5% agarose gel.

Fig. 1 Alignment of mouse and 100
: VKFLPKNLHLVCVDMPGHEGTTRSSLDDLSI[BGOVKRIHQFVECP : 135

VKFLPKNLHLVCVDMPGHEGTTRSSLDDLSIVGQVKRIHQFVECH : 135

VKFLPKNLHLVCVDMPGHEGTTRSSLDDLEI GQVKRIHQFVEC

hABHDG

human ABHD6 protein
mABHDG

sequences. Conserved active
motif G-X-S-X-G is framed.

Results and discussion
Bioinformatics

Abhd6 gene is located on chromosome 3pl14.3. The 2364
cDNA sequence (Accession No. NM_020676) has an ORF
which encodes a 337 residue protein, from which 98-322
amino acid is an ABH domain.

The amino sequence of human ABHD6 was highly
homologous to mouse ABHD6 protein (Fig. 1). Human
ABHDG6, similar to mouse ABHD6, was predicted to be a
lipase involved in the process of aromatic compound metab-
olism. But so far, there is no direct evidence showing functional
similarities between human and mouse Abdh6 genes.

SAGE analysis showed that in tissues like bone marrow,
brain, and liver, expression of Abhd6 have relatively sharp
differences between normal tissue and its corresponding
cancer.

Phylogenetic trees of human (Fig. 2) and mouse [8] o/f
hydrolase domain containing genes based on amino acid
sequences were similar in topology. In both trees, Abhd6
showed relatively close phylogenetic relationship with
Abhd4 and Abhd5, who were lipases involved in regulation
of neutral lipid metabolism.

Subcelluar location

As most of enzymes in this family, ABHD6-GFP fusion
protein was detected in cytoplasm (Fig. 3), while pEGFP
control was distributed throughout the whole cell as
expected. Both human and mouse ABHD6 was bioinfor-
matically predicted to have two transmembrane regions
and a signal peptide at N-terminal by using InterProScan

bl 120 "

Different amino acids are shown 140 ol 160 - 180
in black. Identity = 96% hABHDG : KLNKKPE‘HLAGWM??DBDVSSLELVCDAGLQ?ST : 180
. mABHDG KLNKKPFHLIK Aul==H AGV?AA?YPSDVESLSLVCPAGLQYST : 180
KLNKKPFHLGGTE2MGGEG VAGCVYAAYYPEDV 2L LVCPAGLQYST
200 - 220
hABHDG DNQFVQRLKELQGSAAVEKIPLIPETPEEMSEMLQLCSYVRFEVP : 225
mABHDG DNﬁFVQRLKELRmBAAIQKIDLIDBTDEKHBEHLQLCBYVEFKVP : 225
DN FVQRLKELZ SAAGZKIPLIPSTPEEMSEMLQLCSYVRFKVP
- 240 - 260 »
hABHD6 : QQILQOGLVDVRIPHNJJFYRKLFLEIVSEKSZRYSLHONMDKIKVPT : 270
mMABHD6 : QQILQGLVDVRIPHNSFYRKLFLEIVIJJEKSRYSLHENMDKIKVPT : 270
QOILOGLVDVRIPHN FYRKLFLEIV EKSRYSLHZNMDKIKVPT
280 - 300 -
hABHD6 QIIWGKODOVLDVSGADMLAKSIINEOVELLENCGHEVVMERPRK : 315
mADHDG QIITWGKODOVLDVESGADILAKSI SNSQVEVLENCGHSVVMERPRK : 315
QIIWGKQDQVLDVSGADGELAKSI N QVEGLENCGHSVVMERPRK
320 w
hABHD6 TAKLIIDFLASVHNTDNNK[INY : 337
MABHDG TAKLIVDFLASVHNTDN[@KLN- : 336

TAKLISGDF LASVHNTDN K
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Fig. 2 Phylogenetic tree of the human o/f hydrolase family based on
amino acid sequence calculated by using the neighbor joining method.
Branch lengths represent evolutionary distance. The analysis was
supported by 1000 replicate bootstrap analysis. Numbers at nodes are
percentages out of bootstrap analysis. A is short for ABHD

(http://www.ebi.ac.uk/InterProScan). We speculated that
human ABHDG6, similar to mouse ABHD6, which is an
epoxide hydrolase, mainly distribute in cytosol, endop-

Fig. 3 Subcellular localization
of ABHD®6 fusion protein in
AD293. Upper panel from left
to right are: ABHD6-GFP
fusion protein, nucleuses stained
by DAPI, overlay produced

by merging two signals. Lower
panel from left to right are: GFP
protein, nucleuses stained by
DAPI, and overlay produced
by merging two signals

ABHD6

fusion protein

lasmic reticulum, mitochondria and peroxisomes. An
interesting finding in Enayetallah et al.’s study [14, 15]
was that subcellular localization of epoxide hydrolase were
tissue dependent, so precise subcellular localization was
needed for understanding the exact cellular process and
function mechanism of this gene.

ReverseTranscript-PCR

To examine tissue distribution of human ABHD6, RT-PCR
analysis was carried out. The expected near 700 bp prod-
ucts were detected in most tissues. Expression level of
ABHD6 was relatively high in liver, kidney, ovary
(Fig. 4a). Such widespread tissue distribution of ABDH6
suggest that it might perform a vast spectrum of functions.
And high expression in liver implied that ABHD6 might be
necessary for lipid metabolism.

Combined with the results of SAGE analysis (not shown),
we selected seven tumor cell lines which may have differ-
ential expression with normal tissues: Hela (cervical
carcinoma), QGY-7703 (liver cancer), Jurkat (T-lympho-
cyte leukemia), PC-3 (prostate cancer), HO8910(ovary
cancer), U20S(osteosarcoma), U251(human glioblastoma)
to detect expression level of Abhd6 gene.

overlay

DEGFPCI l . l

@ Springer


http://www.ebi.ac.uk/InterProScan

Mol Biol Rep (2009) 36:691-696

695

Fig. 4 (a) ABHDG6 expression
panel in normal tissues with
G3PDH as external control. The
tissues from left to right are: (1)
heart, (2) Brain, (3) Placenta,
(4) lung, (5) liver, (6) Muscle,
(7) Kidney, (8) Pancreas, (9)
Spleen, (10) Thymus, (11)

(a) M12 3

B

4

5 6 7 8

910 1112

13 14 15 16

LU O S S S A 5 5 O

Prostate, (12) Testis, (13) (b)
Ovary, (14) Small Intestine, 1000
(15) Colon, (16) Leukocyte. 750
(b) ABHDG6 expression by 500
cancer cell lines with
corresponding G3PDH. Lane 1:
DNA ladder, Lane 2: Hela, Lane 250
3: Jurkat, Lane 4: QGY-7703,
Lane 5: U251, Lane 6: U208, 1000
Lane 7: PC-3, Lane 8: HO- 750
8910. Lower panel are
corresponding G3PDH. (c) 70 1.4
(¢) Densitometric analysis of the OG3PLH | O tumor /G3PDH |
levels of ABHD6, G3PDH in 60 = B tunors [ 1.2 i} B
tumors and their relative é‘ o |-
Densitometry (tumor/G3PDH g 1 . ™
ratio). Cell types are (1) Hela, _8 0 I 0.8 bt =
(2) Jurkat, (3) QGY-7703, (4) s
U251, (5): U208, (6) PC-3, (7) g 30 0.6 - -
HO-8910 =

g o 0.4 — =

10 |5 0.2 e —
0 - 2 2 0 " : - -
1 2 3 L] 5 6 7 1 2 3 4 5 3 7

ABHDG6 was found differentially expressed among 7
tumor cell lines. The expression level was extremely high
in U20S (bone), PC-3 (prostate) and Jurkat (leukocyte) but
relatively low in QGY-7703 (liver) and HO8910 (ovary).
But we didn’t detect any expression in Hela (cervical) and
U251 (brain). G3PDH was used as an external control.

Noticeably, the expression profiles in leukocyte and
prostate greatly differed from the results in MTC, where
Abhd6 expression was not detected (Fig. 4b). And densito-
metric analysis showed variable expression level of ABHD6
among tumors (Fig. 4c), which ratio is rather higher in
prostate cancer, leukemia and brain tumor than in other
tumor cell lines studied. This will attract us to see more
clearly with the roles Abhd6 might play in these changes.

The high identity between human ABHD6 and mouse
ABHDG6 implied that they might implement similar func-
tions in two species. Mouse ABHD6 was known as an
epoxide hydrolase which is involved in the metabolism of
carcinogenic chemicals, and polymorphisms of epoxide
hydrolase, in many papers have previously been linked to
increases in risk for colorectal [16], colon [17], orolaryn-
geal cancer [18, 19], ovarian [20] and lung [21] cancers.
There is no direct study of the relation between Abhd6
polymorphisms and cancer susceptibilities so far. Metab-
olism of lipid and lipoprotein in liver, which is closely

related to liver diseases [22], is also regulated by various
o/ hydrolases.

Development of carcinoma and other diseases are rela-
ted with complicated pathways involving numerous
enzymes working synergistically. In order to better
understand the complicated network, it is important to
make clear which enzymes involved in the process and
how they interact. The possibility that Abhd6 relate to
tumorigenesis will draw more attention pays on it. Since
most enzymes in this family still lack experimentally ver-
ified endogenous substrates and knowledge of metabolic
and cellular functions so far, further investigation is
required to elucidate the functional mechanism of these
genes in more details, which will be helpful for pharma-
cological development and mechanism study.
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