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ABSTRACT

We have built a database of sequences phylogeneti-
cally related to cholinesterases (EST HER for ester-
ases, α/β hydrolase e nzymes and r elatives). These
sequences define a homogeneous group of enzymes
(carboxylesterases, lipases and hormone-sensitive
lipases) with some related proteins devoid of enzyma-
tic activity. The purpose of ESTHER is to help compari-
son and alignment of any new sequence appearing in
the field, to favour mutation analysis of structure–func-
tion relationships and to allow structural data recovery.
ESTHER is a World Wide Web server with the URL
http://www.montpellier.inra.fr:70/cholinesterase.

INTRODUCTION

A number of previous results (1–3) have suggested that
cholinesterases belong to a large family of phylogenetically
related esterases and lipases which have representatives in all
higher eukaryotes, as well as in numerous microorganisms.
Comparison of three-dimensional structures of Geotrichum
lipase (4), Torpedo acetylcholinesterase (5) and human pancreatic
lipase (6) has shown that they share a similar arrangement of eight
β-sheets connected by α-helices (the α/β hydrolase fold) that is
common to several other hydrolytic enzymes (2) differing widely
in phylogenetic origin.

We have created a database of sequences which are phylogeneti-
cally related to cholinesterases (ESTHER, for esterases, α/β
hydrolase enzymes and relatives). It includes carboxylesterases,
lipases (from vertebrates and microorganisms) and hormone-sensi-
tive lipases (HSL; 3), as well as some related proteins lacking
enzymatic activity, such as neurotactin, glutactin, thyroglobulin,
vitellogenins (see 1,3), neuroligin (7) and gliotactin (8). At present
(October 95) 166 non-redundant entries are available in ESTHER.

A preliminary version of the database was presented (as a
CHE-DB gopher) at the Fifth International Meeting on Cholines-
terases, Madras, India (9).

CONSTRUCTION OF ESTHER

Within the α/β hydrolase fold family only carboxylesterases and
lipases are obviously phylogenetically related. Other α/β hydro-
lases, such as carboxypeptidase II from wheat, dienelactone
hydrolase from Pseudomonas and haloalkane dehalogenase from
Xanthobacter, which are representatives of different subgroups
(2), do not show sequence homology and were not included in
ESTHER. A PROSITE signature exists for lipases (PS00120)
and for esterases (PS00122) (10). Using BLOCKSEARCH (11)
it appears that lipases possess five blocks of conserved sequences,
PS00120A–E (the lipase pattern), and that carboxylesterases
possess the four blocks PS00122A–D (the carboxylesterase B
pattern). Full sequences of blocks PS00120 and PS00122, as well
as their positions on three-dimensional images of Torpedo AChE
and horse triglyceride lipase are given in ESTHER (see section
I of the home page; Fig. 1). As described by Hemilä et al. (3),
another group of related enzymes (HSL) contains some vertebrate
as well as some bacterial lipases. We used four kinds of sequence
on BLAST searching (12) generalist databases. These sequences
were: a carboxylesterase; a vertebrate lipase; a HSL; an example
of lipases from microorganism which possess the five blocks of
PS00120 but are shorter than vertebrate lipases. The servers used
to recover sequences were: the NCBI server for GenBank
(http://www.ncbi.nlm.nih.gov); the EBI server for EMBL
(http://www.ebi.ac.uk/); Expasy for SWISS-PROT (http://expa-
sy.hcuge.ch/). For sequences selected by this method which did
not appear obviously related a BLOCKSEARCH (11) was
performed in addition to the BLAST analysis (12). This allowed
rejection of marginal false positives.

ESTHER SEQUENCES

A complete table of ESTHER sequences can be displayed by
selecting ‘ESTHER table’ in the menu (Fig. 2A). Clicking on a
given ESTHER name in this table gives all related information
available in the database (Fig. 2B). Each entry is related to one of
the three main groups defined above, carboxylesterases, lipases and
HSL (C, L and H families respectively; see ‘BLOCK’ in Fig. 2B).
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Figure 1. The home page of ESTHER. ‘BLOCKS’ gives sequences of PS00120 and PS00122 (lipase and carboxylesterase PROSITE signatures). The ‘ESTHER table’
opens the general table (see Fig. 2). Mutalign is illustrated in Figure 3. Underlined items are hypertext links to other parts of the database. See text for comments on
all sections (I–IX).

Among carboxylesterases of type B (those carboxylesterases
sensitive to organophosphate inhibition) are included invertebrate
and vertebrate acetylcholinesterases, vertebrate butyrylcholines-
terases and a number of esterases. Some non-enzymatic proteins,
which are thus insensitive to organophosphate inhibition, are also
included in this group (vertebrate thyroglobulins, Drosophila
neurotactin, glutactin and gliotactin and rat neuroligin).

Among lipases are included pancreatic lipases (13), as well as
triglyceride lipases (EC 3.1.1.3) and their tissue-specific iso-
zymes in higher vertebrates (pancreatic, hepatic and gastric/lin-

gual), lipoprotein lipases (EC 3.1.1.34), some prokaryotic lipases,
lecithin-cholesterol acyltransferases (EC 2.3.1.43) and related
non-enzymatic vitellogenins from flies.

The third subfamily (HSL) was defined by Hemilä et al. (3) by
reference to a mammalian enzyme of this group. The sequence
homology between HSL family members and the two other groups
of ESTHER proteins is restricted to a 100 amino acid region
upstream of the active serine (the HG-GESAG region; 3). Although
this region contains only block D of PS00122 (equivalent to block
B of PS00120), the corresponding sequences were included in
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Figure 2. The ESTHER table (from home page section II). (A) Sequences are presented by alphabetical order of their ESTHER names. This name is built of 11
characters: five characters for the organism (three for genus and two for species, except when a five character name exists, such as human, chick, mouse), followed
by a hyphen and five characters for the name of the protein. The correspondence between the abbreviation used in ESTHER and the trivial name is indicated. (B) As
an example we have selected a particular entry (Drosophila melanogaster acetylcholinesterase, drome-acche) by clicking on its ESTHER name. Information available
includes the subfamily (C, H or L in ‘BLOCK’) and the EC number, as well as its accession numbers in all other data banks where it appears. These accession numbers
are hypertext links to the corresponding WWW servers and allow access to further details including reference(s) to the original work(s).

ESTHER under the ‘H’ family. The H family includes vertebrate
HSL, some bacterial lipases and some invertebrate lipases.

At present 166 (non-redundant) sequences are included in
ESTHER. To update our collection of sequences a BLAST search
(similar to that used above) is made for each update of
GenBank/EMBL or SWISS-PROT. A form for submission of
new sequences is available in this section.

LIMITS OF ESTHER COLLECTION OF SEQUENCES

A growing number of ‘expressed sequence tags’ (EST) from
different organisms (human, Caenorhabditis elegans and Arabi-
dopsis thaliana) have been released in generalist databases. The
presence of all blocks or complete alignments as defined above
cannot be tested on these partial sequences. In addition, these
sequences have been sequenced only once and shifts in the
reading frame are often necessary for translation and alignment.
These EST were not included in ESTHER, but those presenting
homologies with sequences already included in ESTHER are
listed in a special table, ‘EST of interest’. Other partial sequences

were usually not included in ESTHER, except for a few when the
method used for cloning allowed their formal identification as
obvious orthologues (see for example BChE from Canis and
Ovis; 14). A ‘table of uncertain sequences’ is also available in this
directory. It contains sequences with low BLAST scores posses-
sing less than two blocks of either PS00120 or PS00122.

PRINCIPAL FEATURES OF ESTHER

The home page of Figure 1 summarizes what can be performed
with ESTHER.

ESTHER collection of sequences (home page section II)

In the ‘ESTHER table’ one can find the list of all sequences, the
name of the protein and of the organism concerned (Fig. 2A). For
each entry the sequence itself is available and the correspondence
between accession numbers in different databases is indicated (Fig.
2B). These accession numbers are connected with their original
databases and this allows access to the original reference(s).
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Figure 3. The N-terminal portion of Mutalign. Only the N-terminal portions of sequences are shown for clarity. 0–4 are mouse, human, T.californica, T.marmorata
and Drosophila AChEs. 5 is human BChE. The numbering used on each line corresponds to that used in the original work. The conventional numbering is that of
Torpedo AChE (see 26). Residues subjected to directed mutagenesis are shown on a dark field. In the region shown D72, considered as a component of the peripheral
site, and W84, a critical side chain of the anionic site in AChEs, were particularly studied. Selecting an individual highlighted residue or question mark gives references
to original works and a summary of the effects observed. Natural variants (see for example D72 in human BChE), as well as mutations induced by EMS treatment
in Drosophila, are also listed. Multiple alignment was performed using the ALIGN program (19).

Mutation analysis (section III)

This section presents a compilation of all mutations analysed so far
in cholinesterases. An updated version of the table from Shaffer-
man et al. (15) is available. Natural mutants or variants (Drosophi-
la AChE and human BChE), results of site-directed mutagenesis
and random generated mutants (by EMS treatment of Drosophila
or C.elegans; see 16,17), as well as computer model analyses, are
indicated as such. We have also built a hypertext alignment
(Mutalign) of AChEs from mouse, human, Torpedo californica,
T.marmorata and Drosophila and human BChE (Fig. 3). The
positions of mutated residues are indicated by a question mark
above the sequences and a highlighted residue in the sequence
itself. Selecting highlighted residues or question marks leads to all
references concerned with a summary of the effects observed.
Natural mutants or variants (Drosophila AChE and human BChE)
are also indicated. Figure 3 shows Mutalign for a short N-terminal
portion of the sequences. Forms for submission of mutation
experiments and references to be included in the table or in
Mutalign are also available in this section.

Alignment and phylogeny (section V)

A FASTA format text file of all sequences can be easily recovered
for local comparison and alignment programs.

Under alignment/phylogeny we also present several examples
of phylogenetic trees built from ESTHER sequences. Ortho-
logues and paralogues were studied separately. For example, a

phylogenetic tree of five paralogous genes (resulting from a
genomic duplication) in the esterase family and the lipase family
respectively in human and rat is presented. Also installed in the
server are several other alignment/phylogenetic trees for ortholo-
gous genes (the same gene in different species). This is presented
for all acetylcholinesterases, for all vertebrate cholinesterases
(acetyl and butyrylcholinesterases) or for a mixed set of data
(esterases, lipases and HSL).

An example of multiple alignments of cholinesterases, ester-
ases, lipases and related proteins, built independently by
M.K.Gentry and Dr B.P.Doctor (18), is also available in this
section.

The programs used for our alignments were either ALIGN (19)
or CLUSTALW (20) or the PILEUP program of the GCG
package (21). To infer the corresponding phylogeny a protein
parsimony program (PROTPARS) was used on amino acid
alignments. In addition, an alignment of the corresponding
nucleotides was obtained using the MAKEINF program. The
third, less informative, base of each codon was not taken into
account when the DNAPARS (DNA parsimony) or DNAML
(DNA maximum likelihood) programs were used to produce
phylogenetic trees. To test the statistical significance of the
topology of trees (branching order and nodes) aligments were
resampled using the bootstrap method (using the SEQBOOT
program, one hundred resamplings). The PROTPARS, MA-
KEINF, DNAPARS, DNAML and SEQBOOT programs are
parts of the PHYLIP package (22). Trees were edited using the
program TREETOOL (23).
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Retrieval of structural data (section VII)

In this directory three-dimensional images of AChE and certain
lipases are available. Structural data were recovered from the
Brookhaven Protein Data Base (PDB, http://www.pdb.bnl.gov/).
One can also recover PDB files with coordinates and use local
programs to visualize the protein structure under certain condi-
tions (for example AChE in the presence of inhibitors). Kine-
mages illustrations using interactive graphics can be displayed
with the client MAGE program (24).

Other servers (section IX)

Links to servers from other laboratories working in the field are
available.

FUTURE ADDITIONS AND DEVELOPMENT

ESTHER is still under construction. In particular, we are
preparing a BLAST search of the database (home page section
IV). It will soon be possible to open a BLAST page (built with the
help of H.Recipon from NCBI) allowing a comparison of any
personal sequence with those in the database using the BLAST
program (12). The collection of sequences used for this
comparison can be all the non-redundant ESTHER sequences, all
cholinesterases, all carboxylesterases or all lipases. The search
can be performed with nucleotide or amino acid sequences. In
section V we will soon include results obtained with the
PLOTSIMILARITY program of the GCG package (21). This
will display a diagram of conservation along aligned sequences
of esterases and/or lipases. The positions of the different blocks
of PS00120 and PS00122 will be indicated.

We are also working on a new directory of promoter regions of
cholinesterases (section VI). At present only alignments of 5′
regions of human and rabbit BChEs are available (25). Also in
progress is a comparison of genomic structures in cholinesterases
and esterases. Other programs will be proposed on-line to be used
with ESTHER data and distant users data (PHYLIP and
CLUSTALW). We hope also to present, in the near future,
structural data concerning the electric fields in the catalytic gorge
of cholinesterases.

A directory of ESTHER users (section VIII) can be completed
by giving an individual mailing address on a specific form. A
newsgroup and a diffusion list will be proposed for free
discussion in the field. A form for direct email communication is
also proposed for submission of new sequences, new mutants,
comments and suggestions.

AVAILABILITY OF ESTHER AND CITATION

The World Wide Web URL is
http://www.montpellier.inra.fr:70/cholinesterase.
When recovering sequences from this server do not acknowledge
the server, but the original author(s). Original references can be
found through the general table.
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