
Vol.:(0123456789)1 3

3 Biotech (2019) 9:165 
https://doi.org/10.1007/s13205-019-1693-9

ORIGINAL ARTICLE

Identification of new members of alkaliphilic lipases in archaea 
and metagenome database using reconstruction of ancestral 
sequences

Swati Verma1 · Rajender Kumar2 · Gautam Kumar Meghwanshi1

Received: 29 December 2018 / Accepted: 27 February 2019 / Published online: 4 April 2019 
© King Abdulaziz City for Science and Technology 2019

Abstract
The application of bioinformatics in lipase research has the potential to discover robust members from different genomic/
metagenomic databses. In this study, we explored the diversity and distribution of alkaliphilic lipases in archaea domain and 
metagenome data sets through phylogenetic survey. Reconstructed ancestral sequence of alkaphilic lipase was used to search 
the homologous alkaliphilic lipases among the archaea and metagenome public databases. Our investigation revealed a total 
21 unique sequences of new alkaliphilic lipases in the archaeal and environmental metagenomic protein databases that shared 
significant sequence similarity to the bacterial alkaliphilic lipases. Most of the identified new members of alkaliphilic lipases 
belong to class Haloarchaea. The searched list of homologs also comprised of one characterized lipase from alkalohyper-
thermophilic Archaeoglobus fulgidus. All the newly identified alkaliphilic lipase members showed conserved pentapeptide 
[X-His-Ser-X-Gly] motif, a key feature of lipase family. Furthermore, detailed analysis of all these new sequences showed 
homology either with thermostable or alkalophilic lipases. The reconstructed ancestral sequence-based searches increased 
the sensitivity and efficacies to detect remotely homologous sequences. We hypothesize that this study can enrich our current 
knowledge on lipases in designing more potential thermo-alkaliphilic lipases for industrial applications.

Keywords  Alkaliphilic lipase · Ancestral sequence reconstruction · Archaea · Phylogenetic · Thermostable lipases · 
Microbial lipase

Introduction

Lipases (Triacylglycerol acyl hydrolase, EC 3.1.1.3) belong 
to serine hydrolases with immense potential to carry out 
a variety of industrial processes based on their versatility 
in catalyzing a variety of reaction including hydrolysis, 
interesterification, transesterification, alcoholysis, acid-
olysis and aminolysis (Haki and Rakshit 2003). Besides, 

these enzymes also exhibit greater selectivities viz. chemo, 
region- and enantioselectivity (Saxena et al. 2005). Addi-
tionally, thermophilic lipases show extreme stability at 
high temperature, extreme pH (acidic or alkaline pH) and 
extraordinary salinity (Hasan et al. 2006; Sharma et al. 2011, 
2015). Since lipases catalyze a variety of reactions with high 
specificity, they are widely used in different industries, e.g., 
oleochemical, food, dairy, detergent, cosmetic, leather pro-
cessing, pulp and paper, biodiesel, biopolymer, and pharma-
ceutical (Saxena et al. 2005; Meghwanshi and Vashishtha 
2018). Due to global industrial demand of lipases (more 
than 1000 ton each year which makes lipases third largest 
group of enzymes based on total sales volume after protease 
and carbohydrase), a number of researchers are interested 
to identify, isolate, and introduce new lipases produced by 
microorganisms (Hasan et al. 2006; Shu et al. 2010; Treichel 
et al. 2010). Structurally, lipase families share a common α/β 
hydrolase fold (Ollis et al. 1992) which is also reported in 
other hydrolases that include the haloalkane dehalogenase, 
dienelactone hydrolase, acetylcholinesterase, and serine 
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carboxypeptidase. The active site of lipases comprises ser-
ine, aspartic acid or glutamic acid and histidine residues. 
The nucleophilic serine residue is located in a conserved 
Gly-X-Ser-X-Gly motif. The prokaryote lipases have been 
classified into eight families based on their sequence similar-
ity and biological properties.

Most of the industrial processes are carried out under 
harsh conditions and most of them are performed at ele-
vated temperatures and acidic or alkaline pHs. Therefore, 
the demand for thermostable and alkaliphilic lipases is rap-
idly increasing in various industries. Exploring thermostable 
lipases in biotechnological industries/processes has several 
advantages over thermolabile enzymes. High temperatures 
decrease the risk of microbial contamination in industrial 
production processes and enhances the solubility of organic 
compounds as well as increase the reaction rates (Demirjian 
et al. 2001; Abol Fotouh et al. 2016). Thermotolerant lipases 
can also be utilized as prototypes for designing thermostable 
variants of other proteins through protein engineering (Haki 
and Rakshit 2003). It is known that such enzymes can be 
obtained from archaea strains as they are natural inhabit-
ants of such harsh environments. Enzymes obtained from 
thermophilic archaea generally are more stable to high tem-
perature, presence of organic solvents, and show resistance 
to proteolysis which are ideal features for industrial appli-
cations (Littlechild 2015). However, it is important to men-
tion here that very few archaea have been explored for the 
production of lipase like enzymes, i.e., the carboxyesterases 
which acts on short chain fatty acid esters. So, exploring 
their genomic sequences for finding out true lipases from the 
archaea kingdom is an important filed of research.

Ancestral sequence reconstruction (ASR) is the approxi-
mation of the most likely ancient protein sequences from 
the existing protein sequences which have resulted due to 
evolutionary changes, incorporated in the organisms during 
the millions of years. It involves the construction of phy-
logenetic evolutionary trees from the extant nucleotide or 
protein sequences and predicting the most probable puta-
tive common ancestral sequence. To date, parsimony and 
maximum likelihood methods are widely used (Elias and 
Tuller 2007; Koshi and Goldstein 1996; Cunningham et al. 
1998) for reconstruction of ancestor sequences. The most 
promising use of ASR method is to detect the remotely 
homologous sequences (Collins et al. 2003). In this study, 
we explored the diversity and distribution of thermo-alka-
liphilic lipases in archaea and metagenomics “dark matter” 
using ASR approach. The “dark matter” here refers to the 
nucleotide sequences which are unclassified or poorly under-
stood. The reconstructed putative ancestral sequence-based 
searches enhanced the probability of detecting the simi-
larities between the distantly related and unknown lipases 
from different biological databases. Our results indicated 
that reconstruction of ancestral sequences of lipases is a 

promising approach to identify phylogenetically diverse and 
novel lipases.

Materials and methods

Assessment of alkaliphilic lipase sequences 
in database

Initially, the well-studied Bacillus subtilis alkaliphilic lipase 
sequence (Uniport IDs: P37957) was used as an input query 
to retrieve orthologs (lipase gene of common descent, result-
ing through the process of speciation). Orthologous protein 
searches were carried out using 0.00001 e value threshold, 
sequence identity cutoff 50% and maximums hits 250 were 
applied against UniPortKB target database using basic local 
alignment search tool (BLAST) in the UniPort database 
(https​://www.unipr​ot.org/). Further, we manually cross-
checked the retrieved sequence and removed all fragmented 
and truncated sequences. Unique sequences were assigned at 
95% sequences identity cutoff value using the CDHIT (Ying 
et al. 2010) program (http://weizh​ongli​-lab.org/cd-hit/). All 
those microbial alkaliphilic orthologs were further used for 
ancestral sequence reconstruction (ASR).

Ancestral sequence reconstruction

Unique orthologous sequences were aligned using the multi-
ple sequence alignment (MSA) program Muscle (Edgar et al. 
2004) in MEGA-X (Kumar et al. 2018). The evolutionary 
history was inferred using the maximum likelihood (ML) 
method based on amino acid substitution JTT matrix-based 
model (Jones et al. 1992). Initial tree(s) for the heuristic 
search were obtained automatically using Neighbor-Join 
(NJ) method to a matrix of pairwise distances estimated 
using a JTT model followed by selecting the topology with 
superior log likelihood value. MEGA analysis was carried 
out which predicts ancestral sequences at each node of a 
given tree. The midpoint node of rooted tree was selected as 
the most probable putative ancestral sequence.

Identification of potential alkaliphilic lipases 
from archaea and metagenome

To identify new alkaliphilic lipase enzymes, BLASTp 
algorithm with default parameters was used, wherein 
the constructed ancestral sequence was used as a query 
sequence and was used to search the related sequences in 
NCBI non-redundant (nr) databases, selecting “archaea 
(taxid:2157)” under the organism option (Altschul et al. 
1990). The BLASTp search output having expected thresh-
old values ≥ 0.01, sequence identity ≥ 25% and query cov-
erage ≥ 50% were considered as potential homologs. In 

https://www.uniprot.org/
http://weizhongli-lab.org/cd-hit/
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addition, environmental metagenome (env_nr) database was 
also considered at same parameters. The identified homologs 
of Archaea lipase gene sequences were merged with the 
retrieved orthologs that were used for ASR to explore the 
phylogenetic diversity of the lipase enzyme. The merged 
data set was used for further multiple sequence alignment 
with Muscle algorithm. The phylogenetic tree was gener-
ated using Maximum Likelihood method based on the JTT 
matrix-based model in MEGA-X program. Further, we per-
formed NCBI BLASTp search for identification of archaea 
lipase sequences against the bacterial domain in public data-
base to validate and confirm those putative lipase sequences.

Results and discussion

Phylogenetic tree reconstruction

The Bacillus subtilis lipase is remarkably stable at alkaline 
pH, showing maximum stability at pH 12 and activity at 
pH 10. (Lesuisse et al. 1993). The lipase sequence of Bacil-
lus subtilis used to find homologous sequences from public 
database resulted in a total of 250 extant lipase sequences 
from Uniport database. Nearly 30 lipase sequences showing 

45–90% sequence identity were selected; all these retrieved 
sequences were clustered in two main clusters. All homolo-
gous sequences shared a common minimal alpha/beta hydro-
lase fold and conserved pentapeptide [Gly/Ala-His-Ser-X-
Gly] motif and catalytic resides. The larger cluster-A had 
21 lipase sequences which were similar to the Bacillus spe-
cies, subspecies, Staphylococcus succinus and Staphlyococ-
cus gallinarum. Whereas, the smaller cluster-B comprised 
of five lipase sequences from Bacillus species, subspecies, 
Clostridium saccharobutylicum and Paenibacillusbovis 
as shown in Fig. 1. The most probable putative ancestral 
sequence was generated from midpoint node of rooted tree. 
The most probable inferred ancestral sequence was used 
to detect remotely homologous sequences from the NCBI 
non-redundant (nr) databases within Archaeal, Bacterial and 
environmental Metagenome domains.

Identification of potential alkaline lipases 
from archaea

We identified 12 unique hypothetical and 1 putative lipase 
like protein sequences, which showed significant sequence 
identity (≥ 25%) and query coverage (≥ 50%) with anc-
estal query sequence. Interestingly, well characterized 

Fig. 1   Molecular phylogenetic 
tree inferred via maximum 
likelihood method. The ances-
tral sequence reconstruction 
analysis involved 30 amino acid 
sequences. The tree is drawn to 
scale, with branch lengths meas-
ured in the number of substitu-
tions per site
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alkalohyperthermophilic Archaeoglobus fulgidus lipase 
(Chen et al. 2009) was also found in our search list which 
showed ~ 23% sequence identity with ancestoral sequence. 
These identified archaeal lipase sequences were further 
taken for phylogenetic analysis including 30 extant bacterial 
lipase sequences. The optimum MSA analysis showed that 
the active site catalytic residues that comprises of serine, 
aspartic acid and histidine were highly conserved in all the 
identified hypothetical archaeal lipase sequences. Interest-
ingly, conserved pentapeptide sequence [Ala/Gly-His-Ser-
Leu/Met-Gly] pattern was observed among the identified 
archaeal homologous sequences. The first glycine residue 
of the pentapeptide was replaced by glutamic acid in one 
identified archaeal sequence as depicted in Fig. 2. This con-
served pentapeptide sequence motif [Gly-X-Ser-X-Gly], 
located in the hydrophobic pocket of the active site of lipase 
is a key feature of lipase family (Brenner 1988; Derewenda 
and Derewenda 1991; Verma et al. 2018). In the conserved 
Ala-X-Ser-X-Gly motif, the role of Ala (Alanine) in thermo-
stability has been reported earlier for Bacillus thermoalka-
lophilic lipases (Jeong et al. 2002).

The phylogenetic analysis of identified archaeal lipases 
showed novel clade; however, some sequences showed more 
closeness with extant bacterial lipase sequences. This study 
revealed that the archaeal domain possesses a new and broad 
reservoir of unseen/unreported extremophilic lipase genes. 
Analysis of the phylogeny tree of merged extant bacterial 
and archaeal sequences revealed that they can be clustered 
mainly into two clades as shown in Fig. 3. We noticed that 
twelve novel members which segregated from extant lipase 
enzymes share key features like conserved pentapeptide 

motif [Gly-X-Ser-X-Gly] and active site residues. Some 
sequences of new clade were closer to Clostridium saccha-
robutylicum and Paenibacillus bovis species. These results 
indicated the presence of a different class of extremophile 
archaeal lipases in microorganisms inhabiting hot springs, 
salt lakes, soil, fresh water, marine water, and marshlands.

The identified hypothetical archaeal lipase sequences 
were further confirmed and predicted using similarity 
searches with known bacterial lipases. We performed NCBI 
BLASTp searches for each identified putative archaeal lipase 
sequence using publicly available bacterial genomic data-
base. This approach is better than direct bacterial lipase 
search method, as it can also be used to find extremophilic 
bacterial lipases using the information in archaeal sequence 
databases. The BLASTp search results further support that 
the identified hypothetical proteins are lipases. All those 
hypothetical lipase sequences showed significant sequences 
identity ≥ 31% and query coverage ≥ 64% with the bacterial 
lipase sequence. More detailed information about sequence 
identity, query coverage, and bacterial homologs is provided 
in Table 1. Based on the sequence similarity, all these hypo-
thetical archaeal lipase sequences can be considered accurate 
bacterial homologs. These results further allowed to identify 
and discover the remotely related homologous sequences.

In addition, we searched distantly related homologous 
lipase gene sequences in bacterial domain using ancestor 
query sequence in BLASTp program. Top 500 hits were 
taken and clustered at 50% sequence identity to select the 
representative set. To investigate the diversity and distribu-
tion of archaeal alkaliphilic lipase with respect to the bacte-
rial domain, we performed separate phylogenomic analysis 
including both the sets of identified lipase protein sequences 
as shown in Fig. 4. We observed that identified archaeal 
lipase sequences clustered with some bacterial lipase, and 
most of them belongs to class Haloarchaea. The archaeal 
enzymes have the unique stability at high temperature, salt 
concentrations and high pH, hence, the enzymes of archaeal 
origin are expected to be super biocatalysts and can cata-
lyze hydrolytic and synthetic reactions under harsh condi-
tions suitable in industrial processes. Mainly, the halophilic 
archaea are most likely source of extremophilic lipolytic 
enzymes due to salt tolerance and thermophilic properties. 
The diversity in Gram-positive halophilic bacteria produc-
ing extracellular hydrolytic enzymes has been reported by 
Sanchez-Porro et al. 2003. The halophilic archaeal micro-
organisms that can live in saline habitats are expected to 
showcase multitude of potential applications in various 
fields of biotechnology. Enzymes of halophilic archaea can 
offer distinct rewards over their conventional complements 
in the development of new bioconversion methods, poten-
tially overring resistance to high salt and high temperatures 
conditions (Margesin and Schinner 2001; Oren 2002). 
The Ozcan et al. 2009 reported that the lipolytic enzymes 

Fig. 2   The conserved pentapeptide [X-His-Ser-X-Gly] motif in the 
identified archaea lipase. Asterisk symbol indicates fully conserved 
residues. HP hypothetical proteins
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from halophilic isolates were active at high temperature 
(60–65 °C) and pH conditions (pH 8–8.5). In addition, the 
isolates were found to have higher esterase activity com-
pared to lipase activity on the basis of kinetic parameters 
(Ozcan et al. 2009).

Identification of potential alkaliphilic lipases 
from metagenomic database

A total 9 unique lipase like protein sequences were searched 
from NCBI environmental metagenome (env_nr) database, 
which showed significant sequence identity ≥ 30% with 
ancestoral query sequence. All obtained proteins sequences 
are either of marine or sediment metagenome. Interestingly, 
all these sequences have highly conserved pentapeptide 
sequence [Ala/Gly-His-Ser-X-Gly] motif. The first glycine/
alanine residue of the pentapeptide is replaced by cysteine 
amino acid in metagenome sequence Ids: ECA41166.1 and 
ECZ28584. First time, at this position cysteine residue was 

observed in pentapeptide motif. More conservedpentapep-
tide sequence information is depicted in Fig. 5. All those 
obtained hypothetical predicted protein sequences were 
annotated based on the sequence homology. We observed 
that all these metagenomic protein sequences showed signifi-
cant identity and more than 75% query coverages with alpha/
beta hydrolase fold. The six-protein sequences out of nine 
showed > 97% sequence identity with NCBI non-redundant 
protein sequence database. All these sequences encode pro-
teins similar to alkaliphilic lipases.

Recently, alkane hydroxylase, lipase and esterase were 
reported in bacteria Alcanivorax borkumensis (Kadri et al. 
2018). Lipase activity has been reported from a marine 
proteobacterium Alteromonas species isolated from Bay 
of Marseille, France (Duflos et al. 2009). Extracellular 
lipase activity detected on tributyrin agar has been identi-
fied from Aeromonas hydrophila (Ingham and Pemberton 
1995). All those reported lipase activities of highly homolo-
gous sequences from metagenomics searches validate our 

Fig. 3   Phylogenetic analysis by 
maximum likelihood method. 
The analysis involved a total 44 
(30 extant lipase sequences plus 
14 sequences searched from 
archaea). The tree is drawn to 
scale, with branch lengths meas-
ured in the number of substitu-
tions per site. HP hypothetical 
proteins
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Table 1   New lipase sequences identified from the archaeal domain using the putative ancestor query sequence

S. no Organism name IDs Protein name Query cover/ 
SEq. Ident. with 
bacteria (%)

Bacterial homologs (protein/organism 
name)

1 Candidatus Heimdallarchaeota 
archaeon

PWI48048.1 Hypothetical 80/39 Triacylglycerol lipase [Bacillus sp. 
17,376]

2 Candidatus Heimdallarchaeota 
archaeon

PWI47578.1 Hypothetical 77/38 Triacylglycerol lipase [Bacillus 
jeotgali]

3 Halopelagiuslongus WP_092537041.1 Hypothetical 74/32 Triacylglycerol esterase/lipase 
[Bradyrhizobium erythrophlei]

4 Candidatus Woesearchaeota 
archaeon CG08

PIO08976.1 Hypothetical 79/32 Alpha/beta fold hydrolase [Blastococ-
cus sp. TF02-8]

5 Natronomonas moolapensis WP_084260814.1 Hypothetical 69/36 Triacylglycerol lipase [Streptomyces 
ipomoeae]

6 Lokiarchaeum sp. GC14 KKK46574.1 Putative lipase 87/34 Triacylglycerol lipase [Bacillus 
jeotgali]

7 Halobacteriales archaeon 
QS_5_70_15

PSQ11686.1 Hypothetical 64/34 Triacylglycerol lipase [Salinispora 
pacifica]

8 Halobacteriales archaeon 
QS_8_69_26

PSQ19274.1 Hypothetical 93/37 Triacylglycerol lipase [Bacillus sele-
natarsenatis]

9 Halobacteriales archaeon 
QS_4_69_34

PSP87875.1 Hypothetical 80/33 Triacylglycerol lipase [Bacillus sele-
natarsenatis]

10 Halobacteriales archaeon 
QS_1_68_20

PSP76388.1 Hypothetical 71/31 Hypothetical protein [Sinobacteraceae 
bacterium]

11 Halohasta litchfieldiae WP_089671060.1 Hypothetical 70/32 Triacylglycerol lipase [Nocardia 
pneumoniae]

12 Halobacteriales archaeon 
QS_5_70_17

PSQ01544.1 Hypothetical 93/39 Alpha/beta fold hydrolase [Deltapro-
teobacteria bacterium]

13 Halobacteriales archaeon 
QS_7_69_60

PSQ14879.1 Hypothetical 74/31 Triacylglycerol lipase [Bacillus 
jeotgali]

14 Archaeoglobus fulgidus PDB ID: 2ZYR Lipase 94/37 Alpha/beta fold hydrolase [Actinoma-
dura amylolytica]

Fig. 4   Phylogenetic analysis by 
maximum likelihood method. 
The analysis involved a total 24 
searched representative set at 
50% sequence identity (14 from 
bacterial and 10 from archaea). 
The tree is drawn to scale, with 
branch lengths measured in the 
number of substitutions per 
site. The red colored branches 
represent archaeal members
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hypothesis. The lipase sequence from archaeum Lokiar-
chaeum sp. GC14 is found common in metagenomic and 
archaea searches. Three sequences showing sequence iden-
tity in the range between 33–66% and were considered as 
new sequences. The sequence Id: GAG97039.1 showed 
sequence homology with archaeal origin while the sequences 
id EBE45432.1 showed sequence similarity with marine 
cyanobacteria Prochlorococcus marinus. More details about 
sequence identity and homology is shown in Table 2. The 
present study illustrates large diversity of lipases in different 
biological genomic databases.

The occurrence of alkaliphilic lipase homologs in the 
archaea and metagenomic database points at unexplored new 
lipolytic proteins with enhanced thermostability and alkalin-
ity. This work was carried out with the help of most prob-
able ancestral sequence derived from the extant alkaliphilic 
lipase sequences, which could detect remotely homologous 
lipase sequences with higher efficiency. The metagenomic 
database is a valuable resource to discover novel protein 
families that greatly assist the annotation and identification 
of remotely homologous sequences (Lobb et al. 2015). The 
identified numbers of hypothetical unannotated lipase like 

protein sequences, showed significant sequence similarity 
with ancestral sequence. In upcoming years, the more pow-
erful sequencing technologies in combination with advanced 
bioinformatics algorithms will allow a high-throughput data 
analysis and will endure to revolutionize the exploration of 
microbial dark matter (Saw et al. 2015). Nevertheless, the 
validation of the data obtained from reconstruction of ances-
tral sequences can be carried out by heterologous expression 
of some of these sequences and evaluating the expressed 
enzymes for their activities and other properties. Mainly 
lipase research is concentrated on identifying highly thermo-
stable lipases from different thermophilic microbial sources. 
However, the studies related to thermoalkaliphilic lipases 
from hyperthermoalkaliphilic organisms are inadequate. 
The ancestral sequence reconstruction-based approach can 
be more systematic and useful than the preliminary high 
throughput screening of distinct homologs sequences.

Conclusion

The result of this work has provided valuable information 
in the form of phylogenetic tree. The putative ancestral 
sequence of extant alkaliphilic lipase provides an intuitive 
way to inspect homologous sequences in microbial com-
munities and have discovered new members of thermo-
alkaliphilic lipase sequences from published genomics con-
tent available in the public databases. The identified new 
protein sequences are evolutionarily distant from known 
alkaliphilic lipases, but based on the sequence similarity, 
conserved active amino acid residues, and conserved pen-
tapeptide [Gly/Ala-His-Ser-X-Gly] motif, that is key fea-
ture of lipase family, we assume that their catalytic activity 
will be identical or very similar to the reported lipases with 
additional advantage of the higher activity and stability in 
thermoalkaline environments. The study would enrich the 
current knowledge on lipases with respect to designing 

Fig. 5   The conserved pentapeptide [X-His-Ser-X-Gly] motif in the 
lipase identified through metagenomic sequences. Asterisk symbol 
indicates fully conserved residues. HP hypothetical proteins

Table 2   Homologs sequences identified from the environmental non-redundant metagenomics proteins database

S. no Metagenome
Seq ID

Protein name/metagenome Query cover/ 
SEq. ident. (%)

Homologs (protein/organism name)

1 ECZ28584.1 HP, partial [marine] 100/100 Alpha/beta hydrolase fold [Alcanivoraxborkumensis]
2 KKM83358.1 HP [marine sediment] 100/100 Putative esterase/lipase with alpha/beta hydrolase [Lokiarchaeum sp. 

GC14_75]
3 ECZ99212.1 HP [marine metagenome] 100/99 Triacylglycerol lipase [Alteromonas macleodii]
4 EBS88226.1 HP, partial [marine] 83/97 Triacylglycerol lipase [Alteromonas]
5 EDA82741.1 HP, partial [marine] 100/100 Triacylglycerol lipase [Aeromonas hydrophila]
6 GAG97039.1 HP, partial [marine sediment] 96/68 Putative esterase/lipase with alpha/beta hydrolase [Lokiarchaeum sp. 

GC14_75]
7 ECA41166.1 HP, partial [marine] 81/33 Triacylglycerol lipase [Alcanivorax sp. KX64203]
8 EDA34272.1 HP, partial [marine] 93/99 Alpha/beta hydrolase [Paraburkholderia fungorum]
9 EBE45432.1 HP, partial [marine] 75/65 Putative esterase/lipase protein [Prochlorococcus marinus]
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more potential thermo-alkaliphilic lipases for industrial 
applications.
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