0 1997 Oxford University Press

Nucleic Acids Research, 1997, Vol. 25, No. 1143-146

The a/3 fold family of proteins database and the
cholinesterase gene server ESTHER

Xavier Cousin , Thierry Hot elierl, Kurt Giles?, Philippe L ievinl, Jean-Pierre Toutant

and Arnaud Chat onnet*

Différenciation Cellulaire et Croissance and 1Centre de Calcul, INRA-ENSAM, 2 Place Viala, 34060 Montpellier,
France and 2Department of Structural Biology, Weizmann Institute of Science, 76100 Rehovot, Israel

Received September 30, 1996; Accepted October 8, 1996

ABSTRACT

ESTHER (for esterases, a/f3 hydrolase enzyme and
relatives) is a database of sequences phylogenetically
related to cholinesterases. These sequences define a
homogeneous group of enzymes (carboxylesterases,
lipases and hormone-sensitive lipases) sharing a
similar structure of a central  [(-sheet surrounded by
a-helices. Among these proteins a wide range of
functions can be found (hydrolases, adhesion mol-
ecules, hormone precursors). The purpose of ESTHER
is to help comparison of structures and functions of
members of the family. Since the last release, new
features have been added to the server. A BLAST
comparison tool allows sequence homology searches
within the database sequences. New sections are
available: kinetics and inhibitors of cholinesterases,
fasciculin—acetylcholinesterase interaction and a gene
structure review. The mutation analysis compilation
has been improved with three-dimensional images. A
mailing list has been created.

INTRODUCTION

the database and the rationale for determining the limits of the
family were described previousl¥)(

THE o/ FOLD FAMILY OF PROTEINS

The family can be subdivided in three subfamilies (C, L and H).
Sequences in the C-family have retained the sequence signatures
[ED]-D-C-L-[YT]-[LIV]-[DNS]-[LIV]-[LIVFYW]-x-[PQR] and
F-[GR]-G-X-X-X-X-[LIVM]-X-[LIV]-x-G-x-S-[STAG]-G where
alternative possible amino acids are shown in brackets and x
represents any amino acid. These two consensus sequences ar
designed ps00941 and ps00122 respectively in the prosite
database. This consensus is also known as the Carboxylesterase_|
pattern. Information on this group can be found on the ExPASy
(http://expasy.hcuge.ch/ ) server with the prosite accession number
PDOCO00112. Sequences in the L-family have retained the
sequence signature: [LIV]-X-[LIVFY]-[LIVST]-G-[HYWV]-S-
X-G-[GSTAC] designed in prosite database as ps00120 and also
known as the LIPASE_SER pattern. Information on this group can
be found on the ExPASY server with the prosite accession number
PDOCO00110.

Hormone-sensitive lipases are phylogenetically related to the
L-family but they do not have the full range of sequence signature.
We kept these sequences in a separate group called the H-family.

Cholinesterases are phylogenetically related to proteins whigllyy prosite entries have been recently created for this group of
have a similao/B fold structure. It consists of a central, highly sequences ps01173 LIPASE GDXG_HIS and ps01174 LI-
twisted, 8—11-stranddtisheet in which most strands are parallelpaose GDXG SER  with the signatures [LIVMF]-[LIVMF]-

This sheet is flanked on both sides dnhelices 2-5). The

X-[LIVMF]-H-G-G-[SAGHFY]-x-x-x-[STDN]-*-x-[ST]-H and

comparison of properties of these proteins is of great value [_EIVM]—X-[LIVMF]-[SA]—G-D-S-[CA]—G-[GA]—X-L—[CA].
many fields of research. Thanks to accumulating crystallographica yree jilustrating the similarities of typical proteins within the

data, both the normal catalytic mechanism of ACh hydrolysis angmilies in the database is shown in Figlren the C and L

the structure—activity relationships of toxic acetylcholinesterasgmilies, enzymes and non-enzyme proteins can be found. The

(AChE) inhibitors can now be studied in detaig). Results are  figyre has been made interactive, picking on dots will lead to
relevant not only for antidotal therapy but also for therapeutic usgpes of sequences.

of anticholinesterase agents in neurodegenerative disoglers (

The comparison is also of benefit to research on carboxylesteraggg y paTa

involved in resistance of insects to insecticidsd.(We have

created a database of biological data related to this family of ger@se entry corresponds to one gene in one species and contains ¢
which derive from a common ancestor. These data are availabtampilation of all data available for this gene: cDNA and protein
on the ESTHER server at the universal resource locator (UREgquences, gene structure, promoter region, links to appropriate
http://iwww.ensam.inra.fr/cholinesterase/ . Methods used to builitcession numbers in other databases (NCBI-UID, GenBank,
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acetylcholinesterase
_:: butyrylchalinesterase
& cholesterolesterase
@ carboxylesterase
& non-specific esterase
@ lipase from fungi C-BLOCK
# dictyostelium crystal protein
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# neurotactin
a glutactin
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® thyroglobulin
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® hepatic lipase
I-_I_- lipoprotein lipase L-BLOCK
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® vitellogenin .

# hormone sensitive lipase ] H-BLOCK
& |ipase from bacteria

Figure 1.Schematic tree af/3 hydrolase enzymes and relatives. This tree gives a schematic representation of the relatedness of the subfamilienbépiedeins
in ESTHER. The red, green and blue branches correspond respectively to the C-family, the L-family and H-family defin€@hil@&tirowsers, picking the
subfamilies or the dots of the tree will lead to the corresponding ESTHER tables and sequence alignments.

EMBL, PIR and Swiss-Prot) and references. The initial full tablérotein structuresFor proteins in the family which has been
was getting too large to be easily downloaded. A new tablerystallized so far, links to PDB files (Brookhaven Protein
containing only names of sequences with links to full data hd3ataBase, http://www.pdb.bnl.gov ) and to images are available
been built. in this section.

The database contains now a total of 208 entries. New
sequences are added regularly. There are 26 entries of cholinestefylogenetic analysis
ases; 19 contain a complete mature protein sequence. The entries )
can be subdivised in 141 sequences in the C-family, 53 in thaifferent alignments of groups of sequences from the database
L-family and 14 in the H-family. The genome sequencingi'e available. Two pages allowaqylck back and_forth access from
programs allowed the characterization of a lot of sequences froffgnments to phylogenetic analysis. We used different subsets of
model organisms. One can now find in the database 23 genes friiff databases to recognize paralogous and orthologous genes
and 21 human. These figures give only a small idea of tee PHYLO page contains links to dendrograms or phylogenetic
paralogous diversity acquired during evolution in this family ag¢es deduced from these alignments. A small icon over each tree
a large number of sequences has yet to be described in th@l@ws to see the alignment used for each analysis. A code is
organisms. In the C-family no sequence homologies was fouﬁaproduce_d to give the statl_stlcal S|gn_|f|car_1ce of the_branchmg of
with genome sequence S&accharomyces cerevisia®r with the tree given by bootstraping analysis. Alignments in nucleotides

known complete genome of bacteria. This could mean a recedfid proteins were built using CLUSTALWA) or ALIGN (13).
origin of the C-family. Parsimony methods on DNA or protein alignment or Maximum

likelihood on DNA alignment were used according to the
PHYLIP package 14). Trees were edited using the program

NEW SECTIONS TREETOOL (5). Some alignments were kindly provided by
Gentry and Doctorl().

Molecular biology BLAST server
Vi

and/or glycolipids. This section (still in construction) is dedicate@ly 3 distant user against the full database or subsets: only
from Massouliéet al (11) is available. Picking areas of the figure options include choices of matrix, expected and cutoff scores.
will lead to pages on mode of membrane attachment. The output is given in hypertext and links are available to the

) ] entries in the ESTHER format.
Gene structures Figure 2 shows the comparison of gene

structures in the cholinesterase group. The figure is associaﬁ
with a Java applet, picking on individual exons leads directly to
an alignment of the prototypic sequences with the sequence of fiigs section presents a compilation of all mutations analyzed so

selected exon coloured. far on cholinesterases. It corresponds to an updated version of the

Btation analysis
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Figure 2. Comparison of gene structure in the cholinesterase subfamily of ESTHER. By convention the gene andmgtedoAChE are taken as the prototype
of the cholinesterase family (11). When insertions are necessary for keeping the alignment of homologous regioisétdbequence, it is indicated under
the protein. This does not imply a genetic interpretation as deletions may have occured. Homologous exons have thersdifiereatospecies. On the server
this figure is a clickable map: highlighted regions are links to alignments of proteins which show the homologies betwestereisels. Introns are not to scale.

table from Shaffermaet al (18) and the hypertext alignment http://www.prosci.uci.edu/ kinemages/MageSoftware.html
Mutalign (1). The advantages of the Mutalign representation iBrowsers correctly configured will open directly the kinemage
that it allows a rapid access to information on mutants creatdite with the MAGE application when picking the highlighted (!).
experimentally by various groups on different but relatedPossible extension of this feature of ESTHER will be files in
enzymes overpassing the scattering of the published informatidRASMOL or Cn3d formats or Java scripts.
The alignment allows a quick access and comparison of mutation
data.

Effects of a point mutation on the properties of the enzymginetics and inhibition
depends on the position of the altered amino acid in the
three-dimensional structure. Thus a rapid visual localization of Bhis section is intended to be a repository of information useful
particular mutated amino acid is often necessary. A new featuif@various domains of both theoretical and applied cholinesterase
of Mutalign is the possibility to recover interactive three-dimenresearch.
sional images of acetylcholinesterase showing the position of theOn a fundamental point of view acetylcholinesterase is one of
particular mutated amino acid relative to the catalytic centethe most rapid enzymes with a speed close to that of a
Selecting the highlighted symbol (!) placed over the alignment afiffusion-controlled reaction2Q). The position of the catalytic
on each line in the table will allow the recovery of a 32 kbites fileriad in a deep gorge has triggered a lot of work to elucidate the
in kinemage format (much smaller than the PDB files), which camechanism of action of the enzyme. Acetylcholinesterase
be viewed and manipulated locally on the user’s monitor. Theossesses a peripheral binding site where some compounds car
Torpedo marmorataAChE structure was used to build theseact as non-competitive inhibitors. These aspects have been
images. Only the backbone of the protein is shown coloured #tudied using different classes of inhibitors, on wild-type or
gold. The side chains of the amino acids of the catalytic triad areutated enzymes and crystallography of the enzyme complexed
coloured in cyan and those of the aromatic residues bording théth these inhibitors&-8).
gorge are in green. The side chains of the mutated amino acids ar@hibition of cholinesterases is also the focus of intense applied
in red. There are 133 images stored this way corresponding to @kearch. Many organophosphates and carbamates are used i
mutations or multiple mutations visible on the structure. Thagriculture for pest control. Resistance of insect population is a
entire image can be rotated in real time, parts of the display caammon phenomenon when these inhibitors are massively used.
be turned on or off, and any amino acid can be identified both mutations in acetylcholinesteragg)(or gene amplifica-
picking it. MAGE is a display program to view and exploretions in related esterases0f are mainly responsible for this
kinemages 19). Programs, full instructions and the proposedesistance. In medicine, anticholinesterase agents like tacrine are
MIME standard are described and can be obtained from thesed in the treatment of Alzheimer’s disease and can improve
Protein Science Gopher Space: cognitive capacities of patients)(
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The diversity of uses and impacts of anticholinesterase chemi-When recovering sequences from this server do not acknowledge
cals explains the need for a comprehensive review. The compilie server but the original author(s). If you extensively use ESTHER
tion of substrates, inhibitors and reactivators of cholinesterases documents from ESTHER, please cite this article.
presented in this section of the database is intended to fullfil this
need. Inhibitors are classified as natural inhibitors [e.g., onchidAlCKNOWLEDGEMENTS
(22), huperzineZ3), fasciculin 6)], carbamates and organophos- , ,
phates. Substrates include those of human butyryicholinesterd¥g thank Jérome Gouzy, Daniel Kahn (PRODOM-I.N.R.A.,
used as myorelaxari4) or bronchodilator prodrug€%). Each Toulouse) and Meng Wong (University of Pennsylvania) for

compound has an entry with name, synonyms, chemical formuR{0viding BLAST Perl scripts. We thank Yves Bourne, Palmer
a GIF image of structure and references. Taylor and Pascale Marchot (University of California, San Diego)

for providing pictures of the mouse AChE—fasciculin complex.
This work was supported by the Institut National de la Recherche
Agronomiqgue (I.N.R.A) and grants from the Association Franca-
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