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Abstract. Bioinformatics analysis of the protein Arab-1 from model plant Arabidopsis thaliana (L.)
Heynh. was performed at the level of primary, secondary and tertiary structure. Results suggest that Arab-
1 belongs to the important but structurally very poorely characterised GDSL (SGNH) family of hydrolas-
es. The amino acids Ser42, Gly118, Asn180, Asp346 and His349 are predicted as the active center resi-
dues. According to phylogenetic analysis, Arab-1 is related to Brassica napus lipases. Attempts to pro-
duce recombinant Arab-1, using pET and pRSET expression systems, and several strains of Escherichia
coli cells are described; the procedures were found to be inadequate for the production of amounts of pro-
tein sufficient for crystallisation. The problems observed in protein production are discussed in view of
bioinformatics analyses and calculated physico-chemical parameters.
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INTRODUCTION

Lipases (triacylglycerol acylhydrolase, EC 3.1.1.3) are
enzymes that catalyse the hydrolysis of ester bonds,
primarily in neutral lipids such as triacylglycerols. The
facts that, in contrast to most other enzymes, they accept
a wide range of unnatural substrates and are stable in
organic solvents, make them very attractive for industri-
al applications." A major part of lipases used in today's
industrial processes stems from microbial or animal
sources. In theory, plant enzymes may have an advan-
tage over animal or microbial enzymes due to their
availability from natural sources, lower cost and apparent
ease of purification.’

To date, very little is known about plant lipases,
especially about their 3D-structures and consequently
about the mechanism of their catalysis. Based on their
3D-folds, lipases belong to either o/f hydrolase fold
enzymes described for the first time by Ollis er al.’
(1992) or to the GDSL family of lipolytic enzymes
identified few years later, in 1995 by Upton and Buck-
ley.* A canonical a/p hydrolase fold consists of a core of
eight mostly parallel B-sheets (not barrel) surrounded by

a-helices.” All enzymes of this class have a nucleophil-
His-acid as a typical catalytic triad. The role of the
nucleophil, in lipases, is played by a serine (Ser) residue
which is a part of the highly conserved motif Gly-X-
Ser-X-Gly (X being any amino acid), located around the
middle of the amino acid sequence. Enzymes belonging
to the GDSL family share five blocks of highly con-
served homology which are important for their classifi-
cation. The active site serine is located close to the
N-terminus.* Due to the presence of four strictly con-
served residues: Ser, Gly, Asn and His in blocks I, II, III
and V, respectively, it has been proposed to change the
name of this class of proteins to “SGNH-hydrolases”.’

To the best of our knowledge there are no pub-
lished crystal structures for plant lipases. The ultimate
goal of our research is, thus, to crystallise and to solve
3D-structure of Arab-1 from Arabidopsis thaliana (L.)
Heynh., a species widely used as a model organism in
plant biology. Due to its relatively small and genetically
tractable genome, it has been a subject of intense ge-
netic, biochemical and physiological study for more
than 40 years (http://www.arabidopsis.org/). Herein we
report the preliminary results of cloning and overex-
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pression, as well as bioinformatics analysis of Arab-1
lipase performed at the level of primary, secondary and
tertiary structure.

EXPERIMENTAL SECTION

Cloning, Expression and Purification of Arab-1

Plasmid Construction

The EST clone VBVCDO09 containing ¢cDNA encod-
ing the Arab-1 protein was obtained from the
Arabidopsis  Genomic Resource Center, USA
(http://www.arabidopsis.org/). Arab-1 was predicted to
be an extracellular protein with a 24 amino acids signal
peptide at the N-terminus. Thus Arab-1 ¢cDNA with and
without the signal sequence (arab-1sig” and arab-1sig’,
respectively) were amplified by PCR using Pfu DNA
polymerase (Invitrogen) and the sets of specific primers
listed in Table 1. The reaction conditions for PCR
amplification of arab-1sig" were: 5 min hot start at 368
K, followed by 30 cycles of (1) denaturation at 368
K, for 1 min, (2) annealing at 329 K, for 1 min, and (3)
elongation at 345 K, for 1 min. The conditions for arab-
Isig” were the same, except for the annealing tempera-
ture which was 328 K. The final elongation reaction for
both PCR amplifications was performed for 10 min at
345 K. The PCR products were separated on 1 % aga-
rose gel, extracted from the gel, purified from gel using
QIAquick® Gel-extraction kit (QIAGEN) and sub-
cloned into the pGEM-T vector (Promega) as described
by manufacturer. The pPGEM-T vector containing arab-1
cDNA was isolated from transformants using Gen-
Elute™ Plasmid MiniPrep kit (Sigma) and digested with
Ncol/Xhol restriction enzymes (Fermentas) for arab-
Isig" and with Ndel/Xhol for arab-1sig". Both arab-1
constructs were than ligated using T4 DNA ligase (In-
vitrogen) into expression vector, pET28b (Novagen),
which had been digested with Ncol/Xhol and
Ndel/Xhol, as well. The newly designed plasmids were
named pET28ARAB-Sig" and pET28ARAB-Sig .

The pRSET-A expression vector (Invitrogen) was
also used to clone and to express Arab-1 protein without
signal sequence. PCR amplification of the arab-1sig
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cDNA construct using respective primers was employed
to introduce Ncol and Xhol restriction sites at 5'- and 3'-
end, respectively. The experimental procedure was the
same as described for cloning of the arab-1 cDNA into
pET28b vector. The newly designed plasmid was named
pRSET-A-ARAB-Sig. The correct sequences of all
cDNA constructs were confirmed by sequence analysis
using a ABI PRISM® 3100-Avant Genetic Analyzer
(Applied Biosystems) employing the commercial pri-
mers T7, forward and reverse.

Heterologous Overexpression and Purification of
Arab-1 in Escherichia coli

To overexpress Arab-1, several expression strains of E.
coli cells (Stratagene) were tested: BL21 (DE3) pLys,
BL21 (DE3) Rosetta, and BL21 (DE3) Gold. Constructs
containing the Arab-1 gene were introduced into E. coli
cells and the transformants were grown overnight at 310
K in 10 cm® on Luria-Bertrani (LB) medium supple-
mented with kanamycin (35 pg/em?), or ampicillin (50
pg/cm3) for selection of pET28b and pRSET-A con-
structs, respectively. Overnight cultures were added into
100 cm® of freshly prepared LB medium supplemented
with corresponding antibiotics, and proceeded to grow
under the same conditions until the optical density,
measured at 600 nm, reached 0.5-0.6.

Protein expression was then induced by isopropyl-
B-D-thiogalactopyranoside (IPTG) at a final concentra-
tion ranging from 0.4 mmol/dm’ to 1 mmol/dm’. The
bacteria were subsequently grown for 24 h, in a temper-
ature range of 291 K to 310 K, harvested at 4000 g for
10 min and resuspended in lysis buffer (50 mmol/dm’
TRIS-HCI, pH = 8.0; 300 mmol/dm® NaCl; 10
mmol/dm® imidazole). The suspensions were supple-
mented with lysozyme (1 mg/cm’), phenylmethanesul-
fonyl fluoride (PMSF) solution (I mmol/dm?®), 0.1 %
(volume fraction, ¢) Triton X-100 and incubated on ice
for 30 min. The bacteria were disrupted by freezing the
suspensions in liquid nitrogen, followed by thawing (3
cycles). DNase (1 pg/cm’) was added; the suspension
was incubated at room temperature for 30 min, and
centrifuged at 14500 g for 30 min to remove cell debris.
The supernatant was loaded on 0.4 cm’ Ni*'-nitrilo-
triacetic acid agarose column (Qiagen) equilibrated with

Table 1. PCR primers used for amplification of arab-1 cDNA; the underlined parts of sequences represent restriction sites

Plasmid Primer Sequence Restriction site
arab-1sig" forward TCCCATGGCTTCTTCACTGAAG Ncol

PET28b arab-1sig' reverse GACCTCGAGTGTATCCACTGTACCAG Xhol
arab-1sig” forward CGACATATGGAATCTCGATGTAGGCG Ndel
arab-1sig” reverse GACCTCGAGCTTACTGCTGAAAGAATAC Xhol

PRSET-A arab-1sig” forward GGACTCGAGGAATCTCGATGTAGGCG Xhol
arab-1sig™ reverse CCCCATGGCTTACTGCTGAAAGAATACCC Ncol
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lysis buffer. The column was washed three times with
wash buffer (50 mmol/dm® TRIS-HCI, pH = 8.0; 300
mmol/dm® NaCl; 20 mmol/dm’® imidazole) and the
bound protein was eluted with elution buffer (50
mmol/dm® TRIS-HC], pH = 8.0; 300 mmol/dm’® NaCl;
250 mmol/dm’ imidazole). Protein profiles and purity
were checked by SDS-polyacrylamide gel electro-
phoresis.”

Bioinformatics Analysis

Most of the programs and servers used in the prediction
of the primary, secondary and tertiary structure of the
Arab-1 protein were accessed via the Expasy Proteomic
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Server (http://www.expasy.org/)® (Table 2). The se-
quences of plant GDSL lipolytic enzymes were retrived
from Uniprot DataBase’ by searching for protein se-
quences similar to Arab-1 using Blastp algorithm.'’ The
sequences of SGNH hydrolases with known three-
dimensional structures were obtained from the PDB
(Protein Data Bank)'' and SCOP (Structural Clasiffica-
tion of Proteins)'> databases. Protein sequence align-
ment was performed using ClustalW" and pictured by
BioEdit Sequence Alignment Editor."*

Protein family recognition was accomplished by
scanning the protein sequence of Arab-1 against the
InterPro protein signature database' using InterProScan

Table 2. List of softwares/servers used in bioinformatics analysis of the Arab-1 protein; softwares/servers are listed in alphabeti-

cal order
Analysis Software/Server Internet addresses
FoldIndex http://bip.weizmann.ac.il/fldbin/findex
) NetNGly v. 1.0 http://www.cbs.dtu.dk/services/NetNGlyc/
Primary structure ProtParam http://www.expasy.org/cgi-bin/protparam

analysis
SignalP v 3.0

TargetP v. 1.1

DSC
Jpred
Phyre v 0.2
PREDATOR
PsiPred
SSPro

Secondary structure
analysis

DALI
Phyre v 0.2
PyMol v 0,99rc6

Tertiary structure
analysis

BioEdit

http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/TargetP/

http://www.bmm.icnet.uk/dsc/dsc_form_align.html

http://www.compbio.dundee.ac.uk/~www-jpred/

http://www.sbg.bio.ic.ac.uk/~phyre/

http://bioweb.pasteur.fr/seqanal/interfaces/predator-simple.html

http://bioinf.cs.ucl.ac.uk/psipred/

http://scratch.proteomics.ics.uci.edu/
http://www.ebi.ac.uk/dali/
http://www.sbg.bio.ic.ac.uk/~phyre/

http://pymol.sourceforge.net/

http://www.mbio.ncsu.edu/BioEdit/BioEdit.html

Sequence alignment

Similarity searches

Pattern and profile
searches

Databases

ClustalW
LALIGN

BlastP

InterProScan
Pfam HMM Search

InterPro
PDB
Pfam

SCOpP
TAIR
UniProt

http://www.ebi.ac.uk/Tools/clustalw/
http://www.ch.embnet.org/software/LALIGN _form.html

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi

http://www.ebi.ac.uk/InterProScan/
http://www.sanger.ac.uk/Software/Pfam/search.shtml

http://www.ebi.ac.uk/interpro/
http://www.rcsb.org/pdb/home/home.do
http://www.sanger.ac.uk/Software/Pfam/
http://scop.mrc-lmb.cam.ac.uk/scop/
http://www.arabidopsis.org/
http://beta.uniprot.org/
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program and against the Pfam database using the Pfam
HMM search program.'® Prediction of secondary struc-
ture elements was done by several distinct secondary
structure prediction softwares.'” %

The Phyre server v 0.2%2 was used to predict the
three-dimensional structure of the Arab-1 protein, and
visualisation of 3D-structure was accomplished using
PyMol v 0,99rc6 (http://pymol.sourceforge.net/). Super-
position of the predicted central B-sheet of Arab-1 with
the central B-sheet of Enterococcus faecalis putative
lipase was conducted using the program LSQMAN.*

Phylogenetic analysis of plant GDSL lipolytic
enzymes was conducted using MEGA package, version
4.0.** Two distance methods were applied to generate
phylogenetic tree, the minimum evolution (ME) and the
neighbour-joining (NJ) methods with complete deletion.
Poisson correction and p-distance models were used as
amino acid supstitution models. The reliability of the
phylogenetic tree was checked by bootstrap analysis on
1000 replications.

RESULTS AND DISCUSSION

Cloning, Expression and Purification of Arab-1

The Arab-1 protein has previously been cloned and
overexpressed in bacterial cells by Brick et al. (1995)
and characterised as lipase.”> We tried to improve the
overexpression to obtain sufficient quantities for crystalli-
sation experiments. The expressed sequence tag (EST)
clone, VBVCDO09 with partial sequence identity to arab-
1 ¢cDNA was purchased from the cDNA library of Ara-
bidopsis Genomic Resource Center (TAIR). Sequence
analysis revealed complete match of the EST clone to
the entire sequence of arab-1 cDNA. A ¢cDNA fragment
of 1.2 kb was PCR amplified as described in the Ex-
perimental section. Bioinformatics analysis revealed a
possible N-terminal signal peptide region in the Arab-1
protein sequence. As this may affect translation in E.
coli, arab-1 cDNA was constructed with and without its
predicted signal peptide leader sequence.

Both constructs of arab-1 cDNA were cloned into
the pET28b expression vector. The resulting plasmids,
pET28ARAB-Sig" and pET28ARAB-Sig, were used
for transformation of E. coli BL21(DE3)pLys cells. To
find optimal expression conditions, different IPTG con-
centrations (0.4, 0.6, 0.8 and 1 mmol/dm®), temperatures
ranging from 291 K to 310 K, and various times of
expression were tested. Very low expression levels were
achieved with these conditions, during 24 hours of in-
cubation. We postulated that the differences between
codon usages of prokaryotic and eukaryotic organisms
could cause low expression level of Arab-1 in E. coli
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cells. Therefore, expression of recombinant Arab-1
protein was attempted in E. coli Rosetta strain (Nova-
gen) which contains tRNA unspecific for bacteria
which, in turn, can help to acchive higher levels of eu-
karyotic protein expression. Applying the above condi-
tions, did not improve the level of protein expression. A
further alternative plasmid expression system, pRSET-
A-ARAB-Sig, gave the same unsatisfactory result. The
quantities of protein obtained after purification by Ni-
NTA chromatography were insufficient for biochemical
and structural characterisation. Overexpression of
eukaryotic proteins, in particular plant lipolytic en-
zymes, using E. coli expression systems is not always
straight-forward. Unsuccessful expression in E. coli has
also been reported for a GDSL esterase from Alopecu-
rus myosuroides Huds. and acetylajmaline acetyleste-
rase from Rauvolfia serpentina Benth. ex Kurz.**’

Posttranslational modifications such as formation
of disulphide bonds, glycosylation and acylations are
also important in process of protein synthesis. These
processes could interfere with protein folding and dras-
tically reduce the level of expression.28 We are, thus,
considering other expression systems, such as yeast
and/or insect-baculoviruses to obtain the amounts of
protein required for crystallisation experiments. Fur-
thermore, using plants as bio-factories is a new
approach in recombinant protein production. To date
experiments reported that transformed plants and/or
plant cell cultures are able to synthesize proteins with
correct fold, appropriate post translation modification,
and activity. Thus this system is promising opportunity
for producing of proteins that can not be express in
prokaryotic system.?**

Bioinformatics Analysis

A bioinformatics approach was used to characterise the
GDSL lipolytic enzyme, Arab-1 from Arabidopsis tha-
liana. The ProtParam program’' predicts a molecular
mass of 42.4 kDa and a pl = 5.32 which attributes acidic
character to this protein. The most common amino acid
in sequence is leucin, a hydrophobic amino acid with a
hydropathy value of 3.800.*° Likewise, the aliphatic
index of 84.84 and the GRAVY (Grand Average of
Hidropathicity) index of —0.072 also indicate hydro-
phobic character.” Although Protparam predicts Arab-1
to be a stable protein®® (instability index is 36.89), the
FoldIndex program® predictes a large disorder region
(87 residues) at the C-terminus which comprises 22.6 %
of the sequence. This could interfere with the folding
process of Arab-1 and thus lower the expression level.

The program TargetP v. 1.1 predicts Arab-1 to be
an extracellular protein with a 24 amino acids signal
peptide at the N-terminus (predicted by SignalP).*> This
is the case for several other GDSL enzymes with known
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Figure 1. Multiple sequence alignment of GDSL proteins from different plant species. The arrows indicate the amino acid resi-

dues constituting the putative active site. Alignment was made using Clustal W and editing was done using the BioEdit Sequence

Alignment Editor. Shaded amino acids indicate at least 50 % conservancy.
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Table 3. Plant GDSL lipolytic enzymes used for multiple sequence alignment and phylogenetic analysis

Organism Protein Uniprot ID
Zea mays L. acetylcholine esterase Q5FC14
Hevea brasiliensis (Willd. ex A.Juss.) Miill. Arq. esterase Q7Y1X1
Medicago sativa L. coil protein (alfalfa) Q40318
Digitalis subalpina Braun-Blang. lanatoside 15-O-acetylesterase Q4U4K1
Oryza sativa L. lanatoside 15'-O-acetylesterase-like Q5ZBI0
Alopecurus myosuroides Huds esterase precursor Q6H8W7
Brassica napus L. lipase 2 Q3ZF14
Arabidopsis thaliana (L.) Heynh. Arab-1 Q38894
Brassica napus L. lipase 1 Q49IM2
Rauvolfia serpentina Benth. ex Kurz acetylajmalan acetylesterase Q3MKY2
Chenopodium rubrum L. GDSL-lipase Q7Y055
Brassica rapa L. subsp. pekinensis (Lour.) Kitam lipase SIL1 Q8L8G1
Agave americana L. GDSL-motif lipase Q5J7NO
Capsicum annuum L. GDSL-lipase protein QO8ETS

and Asn321 (sequence: NFTI) as predicted by NetNGly
v. 1.0.%

biochemical functions, such as an esterase from slender
foxtail, Alopecurus myosuroides,”® a SGNH hydrolase
from the leaf epidermis of Agave americana L..* acetyl-
ajmaline acetylesterase from Rauvolfia serpentina®’ and
a GDSL lipase from Brassica napus L.>" All these en-
zymes are characterised as extracellular proteins playing

To identify the protein family to which Arab-1 be-
longs, the databases InterPro and Pfam were scanned
using the respective search programs. Both databases

important roles in developing processes.

Posttranslational modifications such as glycosy-
lation are very common for proteins from eukaryotic
organisms. In fact, more than 80 % of all known eu-
karyotic proteins are glycosylated at asparagine (Asn)
residues (N-glycosylation).”® Glycosylation has a role in
protein folding and may affect protein function.”® There
are three possible N-glycosylation sites in Arab-1:

described Arab-1 as a member of the “lipase GDSL-
SGNH hydrolase” family (InterPro ID: IPRO01087,
Pfam ID: PF00657).

Searching the UniProt Knowledgebase using
Blastp with Arab-1 (Uniprot ID: Q38894) as a query
sequence, 500 homologous GDSL protein sequences
from plant sources with more than 40 % sequence simi-
larity were found (£ value < 0.001). Most of them were

Asnl105 (sequence: NVSF), Asn138 (sequence: NVSL)  putative proteins from Oryza sativa L. (236) and Arabi-

Block I Block II Block III Block V Identity %
Arab-1 36 TISHEBIADTG 112 TJFA 100.0
1ESC 8 TVFERNYTANF 60 QADVSCEGAL 18.1
2000 5 ILCRONLTHGY 49 TEE[LSA 17.2
V36 11 ICFVDNFVNGT 48 RF 15.6
1DEO 6 VYLADRTMAKN 36 VUDAVARRS) \j _ 15.1
11V 4 LLILEDNISAGY 38 VEASTSIENRS , ] 14.8
14AB 41 WUFIGMLVOLY 68 L ‘ : ] 14.8
WIH 42 VLFVIORMVQLM 69 L 14.6
1¥2F 4 IVLFONITAGY 43 I 14.3

Motif S

Figure 2. Multiple sequence alignment of four homology blocks of Arab-1 enzyme and SGNH hydrolases with solved crystal
structure: Streptomyces scabies esterase (PDB code: 1ESC), Mycobacterium smegmatis acyltransferase (PDB code: 2Q0Q), Nos-
toc sp. putative lipase (PDB code: 1VIQG), Aspergillus aculeatus thamnogalacturonan acetyl-esterase (PDB code: 1DEO), Esche-
richia coli tioesterase 1 /protease I/ lysophospholipase L1 (PDB code: 11VN), Bos taurus plateled activating factor acetyl hydro-
lase IBy subunit (PDB code: 1WAB), Homo sapiens plateled activating factor acetylhydrolase IBf subunit (PDB code: 1VIH),
Enterococcus faecalis putative lipase(PDB code: 1YZF). SGNH motif is listed below multiple alignment. The sequence identity
of Arab-1 to the SGNH hydrolases of known 3D-structure is calculated for the entire sequences lenght using program LALIGN*'
with pairwise sequence alignment.

Croat. Chem. Acta 82 (2009) 439447
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Phyre: =5

Jpred:
PgiPred:

- =)
-
G

$SPro: -G -
Dsc: -G -
PREDATOR: -G
Sequence:
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PsiPred:
S$SPro:
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Sequence:
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Jpred:
PsiPred:
ssPro: F———— c——=
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PREDATOR - —————— ol — =

Sequence: AKYGFKNKPLAACCGVGGKYNETIGKECGYE GVNYCQNPSEYVNIDIGYLT EAAY QKMTE

phyre: £ -G
Jpred: - -
Peipred: 3 -S>
$SPro: 43 = - -
DSC: =) =) =) -G
PREDATOR: =) =) ¢4
Sequence: GILNGEYATPAFDWSCLGSGTVDT

Phyre: B ¢3

Jpred: @l

Psipred: -@l>- -

ssero: > £

DSC: -6 =

PREDATOR: {3~

Figure 3. Secondary structure elements of Arab-1 protein as
predicted by several different softwares. The Arab-1 sequence
is listed above the prediction. The software packages used in
the study are listed at the left side. Secondary structure ele-
ments, o helix: cilinder, f-strand: right arrow. Amino acids of
potentional active site are enclosed in squares.

dopsis thaliana (105). From different plant species, we
selected fourteen GDSL proteins (Table 3) which were
not multidomain enzymes and whose functions were
biochemically characterised. The sequences were
aligned using Clustal W (Figure 1). The results showed
several consensus blocks which are very similar to the
four conserved sequence blocks of the SGNH hydro-
lases which contain the amino acids that form enzyme
active site and are used to identify the family.** To pre-
dict active site, the Arab-1 protein sequence was aligned
with eight SGNH hydrolases of known three-
dimensional structures. Although the overall sequence
identity of these proteins was very low, four consensus
blocks were identified (Figure 2). Based on similarity of
the aligned sequence blocks, we propose that the active
site amino acids are Ser42, Glyl118, Asnl180, Asp346
and His349.

The critical elements of the secondary structure
were predicted using several servers (Figure 3).
Although there were minor differences, all used soft-
ware packages have predicted five B-strands and more
than 50 % of the structure in loop regions. These are the
structural characteristics of the SGNH hydrolases.”
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Figure 4. Superpostion of C" backbones of the predicted
Arab-1 structure (green) and the 3D-structure of the E. faeca-
lis putative lipase, PDB code 1YZF (blue). Active site amino
acids are represented by sticks.

To predict three-dimensional structure, the Arab-1
protein sequence was submitted to the Phyre server v
0.2. It predicts protein 3D-structure by scanning the
sequence against a non-redundant database of all
currently known protein sequences using PSI-BLAST.
The 3D- models are than built based on 1D- and 3D-
sequence profiles with prediction of secondary structure
elements.” From the results of the Phyre server, the best
model was chosen and processed using the DALI
server’’ to find structural homologs. Out of the ten
closest homologs (Z score > 13), nine proteins belonged
to the SGNH- hydrolase superfamily. Interestingly, even
though sequence identity between putative lipase from
Enterococcus faecalis, PDB code: 1YZF, and Arab-1
was the lowest, compared to other members of SGNH
hydrolase superfamily (Figure 2), the DALI server
identified the structure of 1YZF to be the closest homo-
log of Arab-1 (Z score = 32.2, rm.s.d. = 0.9 A, and 16
% of sequence identity over the 179 aligned Ca resi-
dues). The 3D-model of Arab-1 was visualisated using
PyMol v. 099rc6 (see Graphical abstract). As predicted
by the Phyre Server, the five -strands in Arab-1 which
compose central B-sheet are: B1 (spans residues 36-39),
B4 (spans residues 110-113), B5 (spans residues 172—
176), B6 (spans residues 222-224) and 7 (spans resi-
dues 285-287). These five B-strands were superimposed
with the central B-sheet of the putative lipase from Entero-
coccus faecalis using program LSQMAN.? Based on
this superposition (r.m.s.d. = 3.038 A), predicted amino
acids of active site in Arab-1 align well with those from
E. faecalis putative lipase. This is in good accord with
the topology preservation of active site amino acids
within the family of SGNH hydrolases® (Figure 4).
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Brassica napus lipase 2 (Q3ZF14)

Arabidopsis thaliana Arab-1 (Q38894)

Brassica napus lipase 1 (Q49IM2)

Oryza sativa lanatoside 15'-O-acetylesterase-like (Q5ZBIO)
Alopercus myosuroides esterase precursor (Q6H8Q7)
Rauvolfia serpentina acetylajmalan acetylesterase (Q3MKY2) _|
Digitalis subalpina lanatoside 15-O-acetylesterase (Q4U4K1) 7]
Medicago sativa coil protein (alfalfa) (Q40318)

Zea mays acetylcholine esterase (Q5FC14)

Hevea brasiliensis esterase (Q7Y1X1)

Chenopodium rubrum GDSL-lipase (Q7Z055)
Brassica rapa subsp. pekinensis lipase SIL1 (Q8L8G1)
Agave americana GDSL-motif lipase (Q5J7N0)

Capsicum anuum GDSL-lipase protein (Q0SET5) -

G. Mikleusevi¢ et al., GDSL Lipase from Arabidopsis thaliana

Clade lla

Clade Iib

Clade |

Figure 5. Unrooted neighbour-joining tree of fourteen plant GDSL proteins. Their phylogenetic relationship shows two distinct

clades.

Phylogenetic Analysis

A phylogenetic tree comprising fourteen GDSL en-
zymes from different plant species, constructed using
MEGA v. 4.0., exhibited two distinct clades (Figure 5).
Clade II contained subgroups, Ila and IIb. Arab-1 be-
longs to Clade Ila and is the most similar to Lipase 1
and Lipase 2 from Brassica napus L.

CONCLUSION

In an attempt to produce sufficient amounts of lipase
Arab-1 from Arabidopsis thaliana for crystallographic
experiments, cloning and overexpression of the protein
were undertaken. Two different expression vectors and
three different E. coli strains were tested, but no signifi-
cant expression levels were detected. As protein ex-
pression in prokaryotes was not successful, expression
in the eukaryotic cells will be considered.

Bioinformatics analysis of the target protein was
performed at the level of primary, secondary and ter-
tiary structure. Arab-1 was identified as a member of the
important, but structurally very poorly characterised
GDSL (SGNH) family of hydrolases. The amino acids
Ser42, Asp346 and His349 were predicted to represent
the catalytic triad residues while Glyl18 and Asnl180
form the oxyanion hole. Proteins from different biologi-
cal species with similarity to Arab-1 of 40 % or higher,
at the level of primary structure, were analysed phylo-
genetically. The results indicated two different clades of

Croat. Chem. Acta 82 (2009) 439447

proteins. Arab-1 showed the highest similarity to the
GDSL (SGNH) protein from Brassica napus.
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SAZETAK

Arab-1, GDSL lipaza iz modelne biljke, Arabidopsis thaliana (L.)

Heynh.

Goran MikleuSevié,” Branka Salopek-Sondi” i Marija Lui¢®

*Zavod za fizicku kemiju, Institut Ruder Boskovié, p. p. 180, 10002 Zagreb, Hrvatska
*Zavod za molekularnu biologiju, Institut Ruder Boskovié, p. p. 180, 10002 Zagreb, Hrvatska

Provedena je bioinformaticka analiza proteina Arab-1 iz modelne biljke Arabidopsis thaliana (L.) Heynh. na razi-
ni primarne, sekundarne i tercijarne strukture. Rezultati upu¢uju na to da Arab-1 pripada vaznoj, ali strukturno vrlo
slabo istrazenoj porodici GDSL (SGNH) hidrolaza. Moze se pretpostaviti, da su Ser42, Gly118, Asn180, Asp346 i
His349 aminokiseline aktivnog mjesta. Na temelju rezultata filogenetske analize Arab-1 je najsrodniji lipazama iz
uljne repice (Brassica napus L.). Opisani su pokusaji proizvodnje rekombinantnog Arab-1 proteina uporabom
ekspresijskih vektora pET i pRSET te nekoliko sojeva stanica bakterije Escherichia coli; pokazalo se, da opisani
postupci nisu bili prikladni za dobivanje one koli¢ine proteina koja je neophodna za kristalizacijske eksperimente.
Problemi priprave proteina diskutirani su i sa stajaliSta bioinformatic¢ke analize i izra¢unatih fizicko-kemijskih pa-

rametara.
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