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Isolation of novel lipolytic genes from uncultured bacteria of pond water
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Abstract

Metagenomic libraries give access to gene pool of bacteria present in environmental samples avoiding the culture bias. A metage-
nomic library of pond water microbial assemblage in plasmid vector containing about 532 Mb of community DNA was prepared.
Screening of a part of the unamplified library resulted in isolation of 11 unique lipolytic clones with an ability to hydrolyze tribu-
tyrin. DNA sequence of the lipolytic genes varied in G + C composition from 57% to 75%. Twelve lipolytic genes encoding proteins
with 25–70% amino acid identity with proteins in the databases were identified. Ten of the encoded proteins belonged to seven
known lipolytic protein families. One of the proteins was similar to recently identified esterase BioH. A lipolytic protein with high
similarity to yet uncharacterized a/b hydrolase protein family abh_upf0017 was identified from one of the clones. Conserved motif
for lipolytic enzymes GXSXG, conserved aspartic and histidine residues were identified in this encoded protein.
� 2005 Elsevier Inc. All rights reserved.
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Lipolytic enzymes include lipases (EC 3.1.1.3), which
hydrolyze long chain acylglycerols (PC10) and esterases
(EC 3.1.1.1), which hydrolyze short chain acylglycerol
(6C10). Lipases are also able to hydrolyze short chain
acylglycerols [1]. Lipolytic enzymes have significant bio-
technological importance because of their ability to cat-
alyze regio- and stereo-selective organic reactions [1,2].
These enzymes are also becoming important in synthetic
organic chemistry because of their capability to with-
stand organic solvents and catalyze reverse reactions
[2]. Identification of lipolytic enzymes with a spectrum
of sequence and functional diversity will enrich the tool-
box of synthetic chemists, which will help in quick selec-
tion of a suitable biocatalyst for challenging reactions
and reaction conditions [3,4]. Large number of lipases
and esterases has been identified from different domains
of life. Lipase engineering database contains more than
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800 protein entries assigned to 38 homologous families
and 16 superfamilies [5]. Bacterial lipolytic enzymes
have been classified in eight families by Arpigny and
Jaeger [6]. Availability of large number of complete gen-
ome sequences is augmenting the discovery of newer
lipolytic enzymes and lipolytic gene families [7–9].

Majority of the bacteria present in environment can-
not be cultured in laboratory by traditional culture tech-
niques [10]. This vast diversity of �yet to be cultured�
bacteria represents a large gene pool for biotechnologi-
cal exploitation. Culture-independent methods like
preparation of metagenomic libraries have allowed suc-
cessful exploitation of microbial communities from var-
ious environmental niches [11–13]. Screening of
sufficiently large metagenomic libraries can result in iso-
lation of many genes of similar function with significant
sequence variation [14,15]. Functional lipolytic genes
have been previously identified from metagenomic li-
braries of soil [11,16,17], hot spring sediments [13],
and alkaline soda lakes [18]. PCR based strategy was
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used to identify a novel lipolytic gene from soil metage-
nome [19], which avoids the reported difficulties in
functional expression of lipolytic genes in heterologous
host [2].

Fresh water ponds, lakes, and water bodies have been
shown to possess unique microbial diversity including
members of various unculturable groups [20,21]. To
the best of our knowledge, fresh water microbial com-
munities have not been exploited by culture-independent
methods for isolation of lipolytic genes. Here, we report
construction of a metagenomic library from pond water
microbial assemblage and identification of 11 unique
lipolytic clones with an ability to hydrolyze tributyrin.
Materials and methods

Sample, strains, and culture conditions. Pond water sample was
collected from University of Delhi campus in month of June 2002. It
was greenish-brown in colour and had a pH of 8.5. Sample was col-
lected in a sterile container and cells were harvested immediately for
isolation of metagenomic DNA. Escherichia coli DH10B was a gift
from Dr. H. Shizuya, Caltech. The E. coli strains were grown in Luria–
Bertani (LB) liquid medium or on LB agar plates at 37 �C. The media
were supplemented with 50 lg kanamycin and/or 100 lg ampicillin per
ml for selection of plasmids.

Pond water metagenomic DNA isolation.Microbial cells from 5 L of
pondwater samplewere harvested by centrifugation at 8000g for 10 min.
Metagenomic DNA was isolated with modification of the method de-
scribed by Zhou et al. [22]. The cell pellet (greenish in colour) was sus-
pended in 20 ml of extraction buffer {100 mM Tris–HCl [pH 8.0],
100 mM EDTA, 100 mM sodium phosphate, 1.5 M NaCl, 1% cetylt-
rimethylammonium bromide (CTAB)} and incubated at 37 �C for
15 min. Lysozyme was added at a final concentration of 5 mg/ml and
tubes were incubated at 37 �C for 1 h with gentle shaking. Proteinase K
(2.5 mg) and SDS at a final concentration of 1.0% were added, and the
tubes were incubated at 65 �C for 1 h. The lysate was centrifuged at
8000g for 10 min and the supernatant was transferred to a fresh tube. It
was then extracted once with equal volume of 50:50 phenol and chlo-
roform. The DNA was precipitated from aqueous phase by 0.6 V of
isopropyl alcohol and kept undisturbed for 1 h. The DNAwas obtained
by centrifugation at 10,000g for 20 min and washed with 20 ml of 70%
ethanol. The pellet was air dried and dissolved in 15 ml of 10 mM Tris
and 1 mM EDTA buffer (TE), pH 8.0. DNA was further purified by
CTAB precipitation [23] and dissolved in 3.0 ml TE, pH 8.0.

Metagenomic library construction. Ten-microgram pond metage-
nomic DNA was partially digested with Sau3A1 and DNA fragments
in the range of 2–12 kb were gel eluted using gel band elution kit
(Amersham Biosciences, UK). Two hundred nanogram of partially
digested DNA was ligated to BamHI digested and dephosphorylated
pUC19 vector. The ligated product was electroporated at 200 X, 25 lf,
and 2.5 kV in E. coli DH10B using Micropulser II (Bio-Rad, USA).
Transformants were obtained on ampicillin containing LB agar plates.

Screening of lipolytic clones. Lipolytic clones were screened by
plating transformation product on LB ampicillin plates containing
1.0% tributyrin [24]. The lipolytic clones were selected based on their
ability to produce clear halo around the colony after 48 h incubation at
37 �C. All lipolytic clones obtained after preliminary screening were
streaked to obtain single colonies and confirmed again for production
of hydrolysis zone on tributyrin containing plates.

DNA manipulation techniques. Standard procedure of plasmid
isolation, restriction enzyme digestion, ligation, and competent cell
preparation were used as described by Sambrook and Russell [25] and
Ausubel et al. [23].
Transposon mutagenesis and mapping. Plasmid from the unique
clones was used for in vitro transposon mutagenesis by Template Gen-
eration System (TGS, F-700) kit by the manufacturer�s provided pro-
tocol (Finnzyme, Finland). The mutagenized plasmid was
electroporated in E. coli DH10B and colonies containing transposon-
mutated plasmidswere selected on ampicillin and kanamycin containing
LB agar plates. These colonies were then stabbed with the help of sterile
toothpicks on 1.0% tributyrin, ampicillin, andkanamycin containingLB
agar plates to select negative mutants for lipolytic activity. Fifty to 200
mutants were screened for each clone to obtain negative mutants. These
mutants were expected to contain transposon insertion in lipolytic gene
or in their regulatory region. Location of the transposon insertion in the
selectedmutated plasmids wasmapped by size of PCRproduct obtained
by primers against transposon ends and pUC reverse or pUC forward
primer. Mutants with insertions separated by a distance of about 400–
450 bp were selected for sequencing. Assembly of these sequences in
most cases resulted in double strand sequence of the lipolytic gene region
and single strand sequence from the ends and flanking region of lipolytic
genes. Primers at the extreme ends of the single strand sequences were
used to obtain double strand sequence for both the ends.

DNA sequencing and analysis. DNA sequencing reactions were
done with big dye termination cycle sequencing kit version 3.1 (Ap-
plied Biosystems, USA) and the products were run on an ABI 3700
machine using POP6 method at The Centre for Genomic Application
(TCGA), New Delhi, India. Transposon end specific primers SeqA and
SeqB (supplied with the TGS kit) were used to sequence mutated
plasmids. Sequence assembly and analysis were carried out using
Lasergene package, version 5.07 (DNA Star, USA). Open reading
frames in the assembled sequence for each clone were identified by
ORF finder [26] at National Centre for Biotechnology Information
(NCBI) website and the amino acid sequence of each identified ORF
was used to find the closest match by BLAST without low complexity
filter [27]. Encoded proteins were analyzed by BLAST for similarity
with known lipolytic proteins and a/b hydrolase fold containing pro-
teins at Lipase Engineering Database [5] and Esther database [28],
respectively. Multiple sequence alignments were carried out by Clu-
stalW [32]. Conserved domains and patterns were analyzed using
conserved protein domain database [29], InterProScan [30], and Prosite
[31]. Signal peptide and transmembrane domain were predicted using
server SignalP [33] and HMMTOP [34], respectively.

Nucleotide sequence accession number. The sequences obtained
from different clones were deposited in GenBank under Accession Nos.
DQ077738–DQ077748.
Results

Construction of pond water metagenomic library

Water from a small pond in University of Delhi cam-
pus was collected. The surface of the water was covered
with algal mass, which was avoided during collection of
the water sample. The water appeared greenish-brown in
colour and had a pH of 8.5. Microscopic observation re-
vealed presence of bacterial, cyanobacterial, filamentous
algal cells, and few possible members of invertebrate
groups. Microbial cells from 5 L of pond water were
harvested immediately after the collection by centrifuga-
tion. The metagenomic DNA obtained after initial isola-
tion procedure was resistant to digestion with restriction
enzymes. It was further purified by CTAB to obtain
readily digestible pure DNA. CTAB is known to remove
polysaccharides and humic acid impurities [22]. Pond
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water metagenomic library was constructed containing
more than 1,40,000 recombinant colonies. More than
90% of the colonies in the library were recombinant.
Analysis of insert fragments generated by EcoRI and
HindIII restriction digestion of 40 recombinant plasmids
was used to estimate an average insert size of �3.8 kb
for the library (data not shown). The metagenomic li-
brary represented about 532 Mb of the pond water
microbial community DNA.

Screening of lipolytic clones

A part of unamplified library (�30,000 colonies) was
screened for lipolytic clones on 1.0% tributyrin contain-
ing LB ampicillin plates. Seventeen clones were obtained
in the initial screening for their ability to produce hydro-
lysis zone after 48 h of incubation at 37 �C. Only 13
clones gave stable activity after single colony re-streak-
ing. The zone size of hydrolysis of tributyrin by different
clones varied from 4 to 15 mm after 72 h incubation at
37 �C, indicating variable expression or substrate prefer-
ence of the lipolytic enzymes produced by the clones
(Fig. 1). As no IPTG was added to the screening plates,
the activity obtained was expected to be because of the
expression from the native promoter in the clones or
from the low level leaky expression from lac promoter.
All the colonies obtained after retransformation of the
plasmids isolated from the stable clones produced lipo-
lytic activity indicating plasmid-borne nature of the lipo-
lytic activity. Plasmids from the stable clones were
designated as pLR1–pLR13. The insert size in these
plasmids varied from 2.2 to 8.5 kb (Fig. 2). Restriction
Fig. 1. Lipolytic activity of different clones isolated from pond water meta
observed after 72 h of incubation at 37 �C. Side panel represents the position o
and C; pUC19/DH10B.
digestion analysis of the 13 plasmids revealed that plas-
mid pLR9 was a sibling of pLR11 and pLR10 of pLR13
(data not shown). Hence, pLR11 and pLR13 were not
used for further analysis.

To analyze the substrate specificity of the lipolytic en-
zymes produced by the clones, the clones were stabbed
in to 1.0% tributyrin, or olive oil and rhodamine B con-
taining LB agar plates [35]. Most of the clones produced
hydrolysis zone of varying sizes on tributyrin containing
plate within 72 h of incubation at 37 �C but they failed
to produce any fluorescent halo on olive oil and rhoda-
mine B containing plates even after 7 days of incubation.
These results indicated that the lipolytic enzymes pro-
duced by the clones were esterases.

Sequence analysis

DNA sequence of the lipolytic gene region was ob-
tained by sequencing the transposon mutants with no
lipolytic activity (Fig. 2) and primer walking. The
G + C content of the sequenced region from different
clones varied from 56% to 75% (data not shown) and
nucleotide BLAST of these sequences did not result in
any significant match. This indicated the origin of the in-
serts from varied bacterial phylotypes not closely related
to the bacteria for which the sequence information is
available in databases. DNA sequence analysis of lipo-
lytic clones resulted in identification of candidate lipo-
lytic gene from each plasmid. In one plasmid, pLR12,
two tandem genes with similarity to lipolytic genes were
identified. The proteins encoded from these genes
showed 25–70% identity at amino acid level with the
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genomic library on 1.0% tributyrin containing LB agar. Activity was
f clones on the tributyrin plate, 1–13; pLR1/DH10B to pLR13/DH10B
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Fig. 2. Schematic representation of the organization of the lipolytic clones pLR1-pLR10, and pLR12 with respect to pUC19 lacZ promoter. Insert
sizes are mentioned in brackets. Horizontal arrow represents the lipolytic ORF. Vertical lines in the insert represent the site of transposon insertion in
the region of lipolytic gene. Note that pLR12 harbors two tandem lipolytic genes A and B.
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proteins from Acidovorax sp., Azoarcus sp., Bacillus nia-
cini, Bradyrhizobium japonicum, Brassica oleracea,
Dechloromonas aromatica, Rubrivivax gelatinosus, Strep-
tomyces coelicolor, Xanthomonas axonopodis, and uncul-
tured bacterium (Table 1). These results indicated
presence of DNA from wide variety of unique bacterial
phylotypes in the pond water metagenomic library.

DNA sequence of 2402 bp obtained from the selected
region of the pLR1 contained an ORF, which encoded a
protein of 385 amino acids. This encoded protein was
most similar to a hypothetical protein blr5441 from B.

japonicum with 52% amino acid identity. It had a com-
plete domain for b-lactamases. Close matches of lipolyt-
ic protein from pLR1 contained b-lactamase domain
Table 1
Properties of the lipolytic proteins from pond water metagenome and simila

Clone Homologous protein

Name ORF GC (%) ORF (aa)a Best match (Accession No.)

LR1 67.36 385 Hypothetical protein (NP_772081)
LR2 72.66 277 Chlorophyllase 2 (AAN51934)
LR3 71.52 315 Lipase/esterase (AAS77247)
LR4 71.07 294 D-(�)-3-Hydroxybutyrate oligomer h
LR5 57.71 278 Predicted hydrolases or acyltransfera
LR6 75.08 304 Esterase/lipase (ZP_00245626)
LR7 64.05 343 Putative hydrolase (CAC01373)
LR8 61.73 458 Esterase 54 (AAQ03995)
LR9 76.15 259 Biotin biosynthesis protein (AAM352
LR10 61.49 334 Predicted hydrolase (ZP_00348574)
LR12A 57.73 301 Predicted hydrolases or acyltransfera
LR12B 57.06 287 Predicted esterase (ZP_00152189)

a aa, amino acids.
and many of them were annotated as putative b-lacta-
mases or penicillin-binding proteins in the database.
We found no significant match for this protein in lipase
engineering database but comparison with bacterial
lipolytic enzymes revealed that it belonged to b-lacta-
mase fold containing bacterial esterase family VIII of
lipolytic enzymes [6]. Multiple sequence alignment of
protein from pLR1 with members of family VIII re-
vealed the presence of conserved b-lactamase SXXK
motif and another conserved motif LLXHXXG in the
encoded protein (Fig. 3A).

An encoded protein of 277 amino acids from pLR2
showed maximum similarity with chlorophyllase 2 from
B. oleracea with 25% amino acid identity. The other
r proteins in GenBank

Organism e value Identity (%)

B. japonicum e�107 204/386 (52)
B. oleracea 2e�04 38/152 (25)
Uncultured bacterium 3e�71 148/312 (47)

ydrolase (BAB19271) Acidovorax sp. e�116 203/290 (70)
ses (YP_158932) Azoarcus sp. 5e�68 131/255 (51)

R. gelatinosus 4e�92 200/286 (69)
S. coelicolor 7e�45 121/287 (42)
B. niacini 2e�77 183/473 (38)

77) X. axonopodis 3e�41 114/242 (47)
D. aromatica 7e�92 177/317 (55)

ses (ZP_00243877) R. gelatinosus 2e�78 148/295 (50)
D. aromatica 1e�75 144/255 (56)



Fig. 3. Conserved sequence blocks frommultiple sequence alignment of lipolytic proteins from pond water metagenomic library (A) LR1 #DQ077738
with members of family VIII lipolytic proteins: Pfu, Pseudomonas fluorescens SIKW1 # AC60471; Sch, Streptomyces chrysomallus # CAA78842; Bja,
B. japonicum #NP_772081; Agl, Arthrobacter globiformis # AAA99492; Bgl, Burkholderia gladioli # AAF59826. (B) LR2 # DQ077739 with members
of Moraxella lipase 1 family lipolytic proteins: Sco, S. coelicolor A3 (2) # CAB69685; Sal, Streptomyces albus # AAA53485; Ssp, Streptomyces sp.
(strainM11) # JN0490; Msp,Moraxella sp. TA144 # P19833. (C) LR3 #DQ077740 and LR6 #DQ077743 with members of Moraxella lipase 2 family
lipolytic (superfamily hormone sensitive lipase) proteins: Rso, Ralstonia solanacearum # CAD15474; Mtb, Mycobacterium tuberculosis CDC1551 #
AAK47374; Osa, Oleomonas sagaranensis # BAA82510; Uar, uncultured archaeon clone estE1 # AY726780; Afu, Archaeoglobus fulgidus # 1JJI_D.
(D) LR4 # DQ077741, LR7 # DQ077744, and LR12A # DQ077748 with members of Moraxella lipase 3 family lipolytic proteins: Pae, Pseudomonas

aeruginosa PAO1 # H83276; Mma, Moritella marina # AAK07450; Mta, Moraxella sp. TA144 # P24640; Ssp, Streptococcus sp. N1 # AAK81864;
Rsp, Rhodococcus sp. # BAA31163; Eco, E. coli K-12 # E64762; Sme, Sinorhizobium meliloti 1021 # AAK65608. All residues are identical (w), there
are conserved substitutions (:) and there are semiconserved substitutions (.) in that column in the alignment.
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close matches of this protein were chlorophyllase, pre-
dicted dienelactone hydrolase, and lipase from Arabid-

opsis thaliana, Nostoc punctiforme, and S. coelicolor,
respectively. This protein belonged to Moraxella lipase
1 family of lipolytic enzymes (Fig. 3B). Signal peptide
and a single transmembrane region from 5th to 22nd
amino acid at amino-terminal region of encoded lipolyt-
ic protein from pLR2 were predicted indicating that it
might be a membrane bound enzyme.

DNA sequence of 2453 bp obtained from the selected
region of the pLR3 resulted in identification of an ORF
encoding for a protein of 444 amino acids. Homology
search revealed best match of this protein with a li-
pase/esterase from uncultured bacterium of 311 amino
acids. Most of the other close matches were also similar
in length. Analysis of the sequence for start sites down-
stream of the predicted start site helped in identification
of two more putative start sites at 901 and 1144 bp,
which form ORFs encoding for proteins of 396 and
315 amino acids, respectively. A putative ribosome-
binding site (RBS) AGGAGA was detected upstream
of start codon at 1144 bp. Presence of RBS and matches
of similar size proteins in other genomes strongly indi-
cated that the start codon at 1144 bp might be the actual
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start site for the lipolytic protein expressed from pLR3.
This protein belonged to family Moraxella lipase 2 of
hormone sensitive lipases superfamily (Fig. 3C).

Analysis of 1201 bp DNA sequence of pLR4 revealed
the presence of anORF encoding for a protein of 294 ami-
no acid with high similarity to D-(�)3-hydroxy-butyrate
oligomer hydrolase of Acidovorax sp. with 70% amino
acid identity. This protein belonged to family Moraxella
lipase 3 of superfamily non-heme peroxidases (Fig. 3D).

A predicted ORF encoding for 198 amino acid long
protein from pLR5 showed best match with predicted
hydrolase or acyltransferase from Azoarcus sp. of 289
amino acids with 51% identity. Search for an alternate
start site revealed the presence of a TTG start site
240 bp upstream of the observed start site, coding for
a protein of 278 amino acids. A putative ribosome-bind-
ing site AAGGAA was observed upstream of this TTG
start site indicating that this might be the actual start site
III
LR5 HGAFTAAWTWSEHFL GWPAHAVSLRGHGG
Atu HGWPLSSDDWDAQML GFRVVAHDRRGHGR
Bpy HGWPLSGDDWDAQML GYRVIAHDRRGHGR
Rle HGWPLSSDDWDAQML GFRVVAHDRRGHGR
Ppu HGWPLSADDWDAQML GFRVFAHDRRGHGR
Pae HGWPLSSDDWDAQML GFRVVAHDRRGHGR
Rer HGWPLSSDDWDSQLL GYRVIAHDRRGHGR

** :. *. ::* *: . * . ****

I II III
LR8 RFEAP HGGAYLNG VTIFGESAGGSAVL
Sav RFAAP YGGAYKLG VTVFGESAGAGSIA
Sco RFAPP HGGGFVAG VTLFGQSAGATVVG
Bsu RFKAP HGGAFYLG VTVFGESAGGMSIA
Ccr RFMPP HGGAYNGG VMLFGQSGGGAKIA

** .* :**.: * * :**:*.*. :

I II
LR10 DGDFIDVDC PILVLFHGLEGNAQSHY G
Rso DGDFIDLDW PLVVLFHGLEGDSRSHY G
Neu DGDFIDIDW PLVIMLHGLEGSSQSHY G
Ath DNGSVALDW PILILLPGLTGGSQDSY G
Hsa DGGQLLLDW PIVLLLPGITGSSQETY G

*.. : :* *::::: *: *.::. * *

I II
LR12B ALGGGAAKGFAHIGVIKVL GTSAGSLVG
Bma ALGGGAARGFAHVGVLKAL GTSAGSVVG
Dar ALGGGAARGFAHIGVIKML GTSAGAVVG
Sth ALGGGGARGAAHVGVLRAL GTSSGAMVG
Eca ALGSGAAKGWAHIGVLNAL GCSIGALVG
Bth ALSGGFIKGFAHLGVMQAL GVSAGALAG

**..* :* **:**:. * * * *::.*

A

B

C

D

Fig. 4. Conserved sequence blocks from multiple sequence alignment of l
DQ077742 with members of non-heme peroxidases lipolytic proteins: Atu,
pyrrocinia # P25026; Rle, Rhizobium leguminosarum bv. trifolii # AAL17798
G83304; Rer, Rhodococcus erythropolis # O05691. (B) LR8 # DQ077745
Streptomyces avermitilis # BAB69209; Sco, S. coelicolor A3(2) # CAC37455
AAK22784. (C) LR10 # DQ077747 with members of family abh_upf0017 (Es
europaea # BX321860; Ath, A. thaliana # AL049862; Hsa, Homo sapiens #
phospholipase proteins: Bma, Burkholderia mallei ATCC 23344 # AAU48
thermophilum IAM 14863 # BAD41183; Eca, Erwinia carotovora SCRI1043 #
All residues are identical (w), there are conserved substitutions (:) and there a
of the encoded protein from pLR5. Search in prosite
database with encoded lipolytic protein from pLR5
revealed the presence of ribosomal protein S7 signatures
[DENSK]-X-[LIVMDET]-X(3)-[LIVMFTA](2)-X(6)-G-
K-[KR]-X(5)-[LIVMF]-[LIVMFC]-X(2)-[STAC] at amino-
terminal region. This pattern was absent in the close
protein matches of lipolytic protein from pLR5 obtained
by BLAST in NCBI database. This protein belonged to
family non-heme peroxidase of superfamily non-heme
peroxidase (Fig. 4A).

A gene encoding 304 amino acid long protein showed
best match with putative esterase/lipase of R. gelatinosus
with 68% identity at amino acid level and was identified
from 1437 bp DNA sequence obtained from pLR6. This
protein belonged to Moraxella lipase 2 family of hor-
mone sensitive lipase superfamily (Fig. 3C). InterPro-
Scan search revealed the presence of HTH_FIS
domain at the carboxyl-terminal of this protein. We
III IV V
S GHSMGGFVV LMCSVPP GMGHGM
S GHSTGGGEV LVSAVPP GFSHGM
S GHSTGGGEV LVSAVPP GYSHGM
S GHSTGGGEV LVSAVPP GYPHGM
S GHSTGGGEV LIAAVPP GFPHGM
S GHSTGGGEV IISAVPP GFPHGM
S GHSTGGGEV LIGAVPP GLSHGM
* *** ** * :: :*** * ***

IV V
SLMAAPSATGLF FAAKG RSTLRID
SLLAMPSASGLF FARTG RLVQVLD
GVLATPEADGLF FARTG RATMRID
ALLAMPAAKGLF FAKTG RETVILD
TLMAMPSAKGLF FARTG RQTMVFD
::* * * *** ** .* * . :*

III IV V
VSLGGNALMKWLGE PTLLLMPLNDPF GGHVGF
ISLGGNMLLRHLGE PVLVLNARNDPF GGHVGF
VSLGGNALLKWLGE PTLLINARNDPF GGHVGF
WSLGGNILVNYLGQ PLLCIQAANDPI GGHLGW
ISFGGILVLNHLAQ PVLYLSAADDPF GGHIGF
*:** ::. *.: * * : . :**: ***:*:

III IV
VRASSAVPGVFSP VDGGLTHPVPA
VRASCSVPSVFEP VDGGLVSPVPA
VRASASVPGVFQP VDGGLTSPIPV
LRATTAMPCIVRP VDGGVVHKVPV
MRASCSMPGLLSP VDGAVVNPVPV
VAASCCMPVMFAP VDGGLMMNLPV
: *: .:* :. * ***.: :*.

ipolytic proteins from pond water metagenomic library. (A) LR5 #
Agrobacterium tumefaciens str. C58 # AAK89901; Bpy, Burkholderia
; Ppu, Pseudomonas putida # BAA86922; Pae, P. aeruginosa PAO1 #
with members of family Bacillus esterases lipolytic proteins: Sav,

; Bsu, Bacillus subtilis # P37967; Ccr, Caulobacter crescentus CB15 #
ther database): Rso, R. solanacearum # AL646060; Neu, Nitrosomonas

AY033290. (D) LR12B # DQ077748 with members of patatin-like
139; Dar, D. aromatica RCB # ZP_00152189; Sth, Symbiobacterium

CAG75234; Bth, Bacteroides thetaiotaomicron VPI-5482 # NP_809687.
re semiconserved substitutions (.) in that column in the alignment.
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failed to find similar domain in other close matches of
this protein from the databases.

Lipolytic protein of 343 amino acids was identified
from 1622 bp DNA sequence obtained for the pLR7.
It had maximum homology with putative hydrolase
from S. coelicolor with 42% amino acid identity. This
protein contained an a/b hydrolase conserved domain
and belonged to family Moraxella lipase 3 of non-heme
peroxidase superfamily of lipolytic proteins (Fig. 3D).

Identified protein from pLR8 showed maximum
homology with Esterase 54 of B. niacini with 38% amino
acid identity. This encoded protein of 458 amino acids
belonged to Bacillus esterase family of carboxylesterase
superfamily of lipolytic enzymes (Fig. 4B). Analysis in
prosite database revealed carboxylesterase type B serine
active site signature1 {F-[GR]-G-X(4)-[LIVM]-X-[LIV]-
X-G-X-S-[STAG]-G} in amino acid sequence of encod-
ed protein from pLR8.

An ORF of 227 amino acids from pLR9 in the lipo-
lytic gene region matched with biotin biosynthesis pro-
tein, BioH of X. axonopodis with 47% amino acid
identity. Comparison of encoded protein with other
BioH proteins revealed truncation at N-terminal region
of the encoded protein. Search for alternate start sites
revealed the presence of a TTG and a GTG initiation
codon at 60 and 96 bp upstream of the identified ATG
codon. A putative RBS was identified upstream of the
GTG codon indicating that the GTG codon might be
the actual initiation codon for the lipolytic protein
encoded from pLR9. The bioH gene from E. coli has
been shown to possess esterase activity after the struc-
ture analysis revealed the presence of catalytic triad
and active site similar to lipolytic enzymes [36].

The DNA sequence from the lipolytic gene region of
pLR10 encoded a protein of 334 amino acids with best
match to a predicted hydrolase of D. aromatica with
55% amino acid identity. Conserved domain search at
NCBI and InterProScan revealed the presence of pre-
dicted a/b hydrolase domain in the encoded protein.
No significant match was found in lipase engineering
database for this protein. Search in Esther database re-
vealed maximum match of this protein with members
of uncharacterized a/b hydrolase protein family ab-
h_upf0017. Protein members from bacteria, yeast,
plants, and animals represent this uncharacterized fam-
ily. Prosite database contains a signature pattern {D-
X(8)-[GH]-[LFY]-X(4)-[DET]-[LY]-Y-X(3)-[ST]-X(7)-
[IV]-X(2)-[PS]-X-[LIVM]-X-[LIVM]-X(3)-[DN]-D} for
this family. Lipolytic protein from pLR10 contained this
conserved pattern with only one amino acid difference.
These proteins along with encoded protein from
pLR10 contain the characteristic catalytic triad active
site serine motif GXSXG, conserved aspartic acid, and
histidine residues of lipolytic enzymes (Fig. 4C). These
results indicate that encoded protein from pLR10 is a
new member of yet uncharacterized a/b hydrolase
protein family and members of this family are expected
to possess lipolytic activity.

DNA sequence obtained from pLR12 contained two
tandem ORFs similar to lipolytic genes. We obtained
transposon mutants with no lipolytic activity located
in both the identified probable lipolytic genes in
pLR12; hence, it is difficult to predict if the activity loss
is because of disruption of the individual gene or be-
cause of the polarity effect. As both the genes show sig-
nificant similarity with lipolytic proteins, we assume that
both the identified genes may possess lipolytic activity.
One of the ORF encoded for a 301 amino acid long pro-
tein, which showed maximum homology to predicted
hydrolase or acyltransferase of R. gelatinosus with 50%
amino acid identity. The encoded protein belonged to
family Moraxella lipase 3 of non-heme peroxidase
superfamily (Fig. 3D). The second ORF encoded a pro-
tein of 287 amino acids, which was most similar to pre-
dicted esterase of D. aromatica with 56% amino acid
identity. Conserved domain search revealed the presence
of complete patatin and esterase domains. The patatin
domain containing bacterial lipolytic proteins form a
newly described probable bacterial lipolytic protein fam-
ily [8]. This encoded protein was predicted to have a sig-
nal peptide and a transmembrane region from 7th to
29th amino acid at amino terminal.
Discussion

Majority of bacteria in environment remain uncultur-
able by the routine laboratory cultivation methods. Cul-
ture-independent microbial diversity analysis revealed
the presence of unculturable bacteria in most environ-
mental samples. Half of the known phyla in eubacteria
are not represented by any cultured member [37], indi-
cating the vast phylogenetic diversity of these ‘‘yet to
be cultured� bacteria. Metagenomic libraries have been
exploited for identification of novel genes for bioactive
compounds and biocatalysts [11,12,14,38] avoiding the
culture bias. Fresh water samples have been shown to
possess high microbial diversity including members of
unculturable clades. We have constructed a metagenom-
ic library of pond water microbial assemblage contain-
ing about 532 Mb of community DNA. A part of this
library was screened for isolation of 11 unique lipolytic
clones, which is significantly higher in comparison to the
lipolytic clones isolated from soil libraries [16,17]. Isola-
tion of low number of functional lipolytic clones can be
attributed to probable non-recognition of regulatory ele-
ments from unculturable bacteria in E. coli and reported
difficulties in expression of lipolytic genes in heterolo-
gous hosts because of requirement of folding or trans-
port partners [2] or because of toxicity of expressed
lipolytic protein [19]. Isolation of higher number of
functional lipolytic clones from our sample may be
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because of our careful and deliberate attempt to select
clones even with very low lipolytic activity, reasoning
that many of the novel lipolytic genes may not express
well in E. coli because of the above-mentioned factors.
The other reason can be the difference in the composi-
tion of the bacterial assemblage of pond water sample
in comparison to soil samples used in the other studies.

Significant G + C composition difference varying
from 56% to 75% was observed in the DNA sequence
of lipolytic gene containing region of the clones. In addi-
tion, the encoded proteins matched with 25–70% amino
acid identity with proteins from bacteria belonging to
proteobacterial, actinobacterial, and firmicute groups.
This indicated that the DNA belonging to various
phylotypes representing diversity of pond water micro-
bial assemblage was cloned in the metagenomic library.
This is in good correlation with other studies demon-
strating expression of genes from various metagenomic
samples in E. coli [11,12,14,15], indicating suitability of
E. coli as a host for metagenomic studies. However,
the use of other hosts is expected to increase the discov-
ery rate of the functional clones.

Lipolytic clones identified from the pond water
metagenomic library differed significantly in their ability
to hydrolyze tributyrin in agar plates. There can be many
possible reasons for this variable activity of the clones;
one could be the difference in expression level of the dif-
ferent cloned genes. The G + C contents of the se-
quenced clones vary significantly and in many cases, we
failed to identify the putative ribosome-binding site near
to putative start site, which reflect that yet uncharacter-
ized bacteria in pond water microbial assemblage differ
in codon usage and regulatory elements from E. coli.
In one of the clones, pLR5, a TTG and in another,
pLR9, GTG codons were identified as putative initiation
site. Alternate initiation codons TTG and GTG are
known to generally result in lower expression than
ATG initiation codon in E. coli [39]. Other possible rea-
son could be the intracellular or membrane bound (LR2
and LR12B) nature of the encoded lipolytic proteins,
which will not allow enzyme to diffuse in the plate and
would only allow formation of hydrolysis zone near to
the colony. Another reason could be the difference in
the substrate preference of the encoded enzymes as each
of the identified protein differed significantly from each
other in amino acid sequence. Ten of the identified pro-
teins belonged to seven known lipolytic protein families,
one of the proteins matched with BioH and other with
yet uncharacterized a/b hydrolase family. Members of
different families of lipolytic enzymes have been shown
to vary in their substrate preference. The substrate used
in the plate assay may not be the most preferred substrate
for the lipolytic enzymes produced by the clones isolated
from pond water metagenomic library.

In this study and in a previous functional metage-
nomic study [18] lipolytic proteins similar to BioH were
identified. Recently function for this protein of biotin
biosynthesis operon was identified by structural genom-
ics approach as an esterase [36]. Structural analysis of
BioH protein from E. coli revealed the presence of a cat-
alytic triad similar to lipolytic enzymes, which prompted
study on the catalytic activity of this protein. Encoded
protein from pLR10 showed high homology to proteins
belonging to family abh_upf0017 in Esther database.
Our results indicate that yet uncharacterized ab-
h_upf0017 family members are expected to possess lipo-
lytic activity. Identification of BioH like proteins and a
novel lipolytic protein with high similarity to members
of uncharacterized abh_upf0017 protein family reflects
the potential of functional metagenomic studies in iden-
tification of function for many hypothetical and un-
known function proteins even from the genome
sequences of well-characterized culturable bacteria.

In conclusion, we have prepared a metagenomic
library from pond water microbial assemblage con-
taining more than 532 Mb of community DNA.
Twelve unique lipolytic genes were identified with
low similarity to known lipolytic proteins. Ten of
the identified lipolytic proteins represented seven
known lipolytic enzyme families. An encoded protein
was most similar to recently identified esterase BioH.
One novel lipolytic protein with low homology to
known lipolytic proteins, belonging to uncharacterized
a/b hydrolase family, was identified. They are expect-
ed to have different substrate specificity, which will be
useful in developing them as biocatalysts for synthetic
organic chemistry. Overexpression and purification of
the proteins identified in this study are in progress
to further characterize their substrate preference and
biotechnological potential.
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