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The production of recombinant lipase in Pichia pastoris expression system has 
become popular due to its reliability and reproducibility. But, choosing the best P. 
pastoris strain and promoter has been a major issue, leading to time consumption. 
Hence, there is a need to develop an in silico tool that can assist in the prediction of 
recombinant lipase production before cloning. LipExPS is a web-based resource that 
uses a newly curated database (LipExDB) and is devised to provide a platform for 
predicting the best promoter/host combination to express a lipase gene in P. pastoris. 
LipExDB was constructed to store lipase expression data that have been successfully 
expressed in P. pastoris. LipExPS used a BLAST heuristic algorithm to retrieve data 
from LipExDB to predict the best promoter/host combination when a new lipase is 
intended to be expressed in P. pastoris system. The competency of LipExPS was 
experimentally validated using a bacterial lipase gene (ARM lipase). Initially, the 
amino acid sequence of ARM lipase was submitted into LipExPS followed by 
evaluating the scores given by the system. Then, based on the given scores and 
suggestions, the ARM lipase gene was cloned into P. pastoris strain GS115 using 
alcohol oxidase (AOX) and glyceraldehyde-3-phosphate (GAP) promoters. From the 
experiment carried out, ARM lipase was successfully expressed in Pichia system 
using the constructs. Expression of the recombinant ARM lipase in P. pastoris strain 
GS115 confirmed that LipExPS is a reliable web-based tool to predict the expression 
of recombinant lipases in P. pastoris.  
URL: LipExPS - http://103.18.1.10/lipex/index.html; LipExDB - 
http://kbioimage.my/lipex/indexDB.php 
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INTRODUCTION 
 
Lipases are key enzymes that catalyze the hydrolysis and 
synthesis of triglycerides [1]. They are ubiquitous in nature 
and play an important role in the metabolism of lipids [2,3]. 
Lipases are important in various industrial applications 
such as in the pharmaceutical and food industries [4]. In 

order to meet industrial needs, a method known as 
molecular cloning and expression is employed to enhance 
the yield [5]. This technique facilitates the process of 
controlling and regulating the host cell carrying the protein 
of interest to achieve high levels of expression. Pichia 
pastoris is yeast that has been excessively used to express 
recombinant proteins. However, the selection of promoter 
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and host strains is important prior to cloning a gene [6]. 
Presently, the choice of promoter is made by first screening 
several promoters (alcohol oxidase – AOX; 
glyceraldehyde-3-phosphate – GAP; formaldehyde 
dehydrogenase – FLD) which in turn increases the time 
required to select the best promoter to use when cloning the 
lipase of interest [7-9]. Indeed, once the promoter is 
determined the most suitable P. pastoris strain needs to be 
selected in conjunction to suit the regulatory system. In 
fact, the negative results or any failures are not reported by 
the researchers. Thus, make the chances of getting high 
recombinant protein expression using the selected promoter 
and host strain become harder. Hence, there is a need for a 
prediction tool to assist in the choice of promoter and host 
strain before cloning.  

Some available promoter databases includes Eukaryotic 
Promoter Database [10]; TRED [11]; CircuitDB connects 
[12]; TRANSFAC database [13]; RegNetwork [14]; 
JASPER [15]; Saccharomyces cerevisiae promoter 
database (SCPD) [16]; Yeast Promoter Atlas (YPA) [17]; 
Yeast Search For Transcriptional Regulators and Consensus 
tracking (YEASTRACT) [18]; YCRD [19].  Out of all the 
promoter databases presently available, none is available to 
store the promoters used to express a gene in Pichia 
pastoris. The (Basic Local Alignment Search Tool 
(BLAST) algorithm has been implemented in a few 
software such as CUDASW++ 2.0 [20] PSI-Search [21]; 
CS-BLAST [22]; BLAST [23]; PSI-BLAST (Altschul et al. 
1997); ScalaBLAST [25]; SAM-T08 [26]; SWAPHI [27]; 
SWIPE [28]. However, BLAST algorithm and the database 
have not been implemented to be used in predicting and 
recording the protein expressions in P. pastoris system. 

There are many transcription factor binding site 
analyses such as promoters of genes associated with cancer 
[29], single-molecule analysis of transcription factor 
binding at transcription sites in live cells [30], plant 
transcription factors analysis [31] and transcription factor 
binding site prediction [32]. But, these systems are not 
related to the prediction system for recombinant protein 
expression in a cloning/expression host. 

In order to facilitate the molecular expression of lipase 
gene in P. pastoris system, this study sought to develop a 
computational method to predict the expression prior to 
cloning. This tool called LipExPS implements a pipeline 
for lipase expression that takes advantage of existing lipase 
expression data. Lipases expressed in P. pastoris 
expression host were curated manually and BLAST 
heuristic algorithm was implemented to compare the 
existing sequences of lipase expression data to the new 
lipase sequence. To validate LipExPS, an amino acid 
sequence of a lipase was selected and submitted to 
LipExPS. Then, the predicted promoter and host strain were 
used in the laboratory experiment. 

  
 
 

MATERIALS AND METHODS 
 
System Implementation and Requirement to Access 
LipExPS 
 
LipExPS was written in the Perl and BLAST heuristic 
algorithm (BHA) for sequence comparison and alignment. 
HyperText Markup Language (HTML), Cascading Style 
Sheets (CSS) and JavaScript were used for the interface 
design. This system consisted of two modules; LipExPS 
and LipExDB. Internet access is needed to use the LipExPS 
webserver. LipExPS webserver can open on Android and 
other operating systems. Also, any search engine can open 
LipExPS. 
 
 
LipExPS Module 
 
The general flow of LipExPS module is illustrated in Fig 
1(a) and it can be divided into graphical user interface 
(GUI), algorithm implementation and the database. The 
GUI was designed to facilitate the use of the system. The 
algorithm was implemented for sequence comparison, 
while the database was used to store and manage the data. 
 
 
LipExPS Implementation 
 
Fig 1(b) shows the flow chart of LipExPS implementation. 
The algorithm used in the prediction was BHA. BHA was 
implemented in Perl scripting language where it identified 
homologous sequences using a heuristic method. The 
comparison was done starting with 3 letters at a time. Then, 
the algorithm was implemented in three steps [33]. The first 
step was building the hash table, called the query index, the 
second step was to identify hits and the third step was to 
find similar words and compute the score achieved. 
 
 
LipExDB Module 
 
Fig 1(c) shows the workflow of LipExDB development, 
where data was collected from public databases and journal 
articles. The search was done using keywords such as 
“lipase expression”, “Pichia pastoris”, “yeast expression 
system”, “lipase”, “enzyme”, “yeast expression”, 
“recombinant protein in yeast”, “lipase expressed in yeast”, 
and “lipase expressed in P. pastoris”. Public databases such 
as Genbank [34] and PubMed [35] were used for the 
search. Expression data and sequence for lipases were 
manually curated in a non-redundant manner by not 
repeating any information and documented in LipExDB. 
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Figure 1a: General flow chart of the prediction system. It involves the development of a database, the implementation of blast 
heuristic algorithm and the development of a graphical user interface. 

 

Figure 1b: Flow chart of LipExPS implementation. A lipase protein sequence is 
submitted as query, sequence comparison is done with the sequences in LipExDB 
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LipExDB Implementation  
 
The LipExDB database was implemented in MySQL, 
permitting users to search for lipases according to specific 
criteria. The web interface of LipExDB database was 
written in Hypertext Preprocessor (PHP) version 7.0 and 
JavaScript under an Apache webserver running on a 
Windows operating system. 

Eight intra connected tables were constructed in 
MySQL. The tables contained information about lipase 
name gene characteristics, source, citing information and 
linked to each other using one-to-many relationship as 
shown in Fig 1(d); (i) The gene table provides information 
about the list of lipase genes and their symbol in the  

 
database, (ii) publication provides information on the cited 
literatures, (iii) source provides information on where the 
lipase gene was isolated, (iv) sample provides information 
on the accession number, sequences, and characteristics of 
the lipases in the database, (v) strain provides information 
on the strains of P. pastoris used to express the curated 
lipases in the database, (vi) vector provides information on 
the expression vectors of P. pastoris used to clone the 
curated lipases in the database, (vii) promoter provides 
information on the promoters of P. pastoris used to clone 
and express the curated lipases in the database, (viii) spvs 
provides information on the yield and the level of 
expression of the lipases curated in the database. 
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Figure 1c: Workflow of database development.  Data was collected from pubmed and genbank and stored in LipExDB database. 
Graphical user interface was provided for easy query and retrieval. 
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Figure 1d: Database schema. The schema was designed using MYSQL workbench 6.3 CE. The schema consists of eight tables 
which have one to many relationships with each other 
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LipExPS Validation 
 
Strains, Plasmids and Media 
 
Pichia pastoris strain GS115, plasmids (pPICZαB and 
pGAPZαA), and Escherichia coli strain TOP10 were 
purchased from Invitrogen, USA. Luria Bertani medium 
(LB) [1% (w/v) tryptone, 0.5% (w/v) yeast extract, 1% 
(w/v) NaCl, pH 7, 1.5% (w/v) agar] supplemented with 25 
µg/mL of Zeocin was used to grow and maintain E. coli 
containing plasmid. Yeast Peptone Dextrose medium 
(YPD) [1% (w/v) yeast extract, 2% (w/v) peptone, 2% 
(w/v) dextrose] was used for P. pastoris growth. YPDS 
(same composition as YPD with 1M sorbitol) supplemented 
with 100 µg/mL of Zeocin was used for P. pastoris 
transformants. Yeast Peptone Tryptic Glycerol (YPTG) 
[1% (w/v) yeast extract, 2% (w/v) peptone, 4×10-5% (w/v) 
biotin, 0.2% (w/v) tryptic soy broth, 1% (w/v) glycerol] 
was used for mass cultivation, and YPTM culture medium 
(same as YPTG except with glycerol replaced with 1% 
(w/v) methanol) was used for lipase expression [36, 37]. 
 
Cloning of ARM Lipase into pPICZαB and pGAPZαA 
and Transformation into P. pastoris 
  
The ARM lipase from Ebrahimpour [38] was used for 
LipExPS validation. The cloning was done according to 
method suggested by Sambrook [39]. The ARM lipase gene 
was cloned into two plasmids (pPICZαB and pGAPZαA). 
Forward primers flanked with EcoRI restriction site 
(underlined letters) (5’-3’) 
(CTGCTGAATTCTTGCGGCTTCGCGAGCCAA) and 
(CTACTGAATTCGCGGCTTCGCG AGCCAA) were 
used for pPICZαB and pGAPZαA, respectively. The 
reverse primer flanked with XbaI restriction site 
(underlined letters) (5’-3’) 
(GCGCTCTAGATTAGGTTGCAAGCT CGCCAA) was 
used for both plasmids. Then, both plasmids and insert 
were digested with EcoRI and XbaI (New England 
BioLabs, USA) followed by ligation. The recombinant 
plasmids were confirmed via sequencing followed by 
BLAST analysis. Then, the plasmids were linearized, and 
transformed into P. pastoris strain GS115 using 
electroporation method (Genepulser, BioRad) [40]. 
 
Expression of Recombinant ARM Lipase in P. pastoris 
Strain GS115 
 
A single colony of the recombinant P. pastoris carrying the 
pPICZαB/ARM and pGAPZαA/ARM were grown in 10 

mL of YPD broth at 30 oC with 250 rpm overnight. Then 1 
mL culture of GS115/pPICZαB/ARM was transferred into 
50 mL YPTG medium for 24 hours 24 hours followed by 
replacing YPTG with 50 mL YPTM medium. 1% (v/v) 
methanol was used to induce the culture every 24 hours 
interval for 48 hours. Then, the cells were harvested and 
supernatants were kept for the lipase assay. The growth of 
transformants constitutively expressing the ARM lipase 
was carried out in YPD medium (Invitrogen, USA). One 
(1) mL of GS115/pGAPZαA/ARM overnight culture was 
inoculated into 100 mL of YPD in 500 mL flask and 
incubated at 30 oC with 250 rpm for 48 hours. Pichia 
harboring the empty plasmids (pPICZαB and pGAPZαA) 
were used as the controls. Next, the culture was spun and 
the supernatant was collected for the lipase assay. Lipase 
assay was performed according to the method described by 
Kwon and Rhee [41]  using Tris buffer pH 8.0 at 65 oC and 
olive oil was used as a substrate. One unit of lipase activity 
was defined as the rate of free fatty acid formed in µmole 
per minute.  
 
 
 
RESULTS  
 
Prediction System: LipExPS  
 
LipExPS is a web-based tool to predict recombinant lipase 
expression in P. pastoris 
(http://103.18.1.10/lipex/index.html). The development of 
LipExPS was done by implementing BHA for sequence 
comparison of a query sequence with the available 
sequences in LipExDB database. 

Fig 2(a) and 2(b) show the Graphical User Interface 
(GUI) of LipExPS. A bacterial lipase from Geobacillus sp. 
strain ARM [38] amino acid sequence (EF042975) was 
submitted into the query box. The database (Lipase 
database) and the scoring matrix (BLOSUM62) were 
selected and then the ‘Run’ button was clicked to submit 
the query (Fig 2a). After a few seconds, the results of the 
sequence comparison were displayed as shown in Fig 2(b). 
The result page consisted of several parameters which 
included an auto generated "Query ID, a "Job Title" 
provided by the user (here we used ARM lipase), the 
"Query Length" which was the total length of the submitted 
query sequence and the "Scoring matrix" as chosen on the 
query page. Other statistical parameters such as “score”, 
“E-value”, “identities” and “Target Id” were displayed in 
the result page. Here, the link was provided to take the user 
to the query page of LipExDB, as shown in Fig 3(a).
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Figure 2a: Query page of LipExPS. The query submitted was lipase protein sequence and the scoring matrix selected was 
BLOSUM62 
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Figure 2b: Result page of LipExPS. This page displays the query id, job title, query length, scoring matrix, target id and the 
alignments results which include other statistical parameters such as e-value, score and identities. 
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Fig 3(a) and 3(b) show the query and result pages of 
LipExDB, respectively. The name of the Target IDs was 
used as represented by the rectangle box in Fig 2(b) for the 
first and second hits: Geobacillus zalihae and Bacillus sp. 
L2, respectively. These organisms were used to search the 

information in LipExDB (Fig 3a). Clicking on the search 
button would return the result page of LipExDB (Fig 3b). 
The red boxes represented the promoters and strains used to 
clone and express the lipases similar to ARM lipase. 

 

 
 

 
 
 
 
 
 

Figure 3a: Query page of LipExDB 

I I
 

Figure 3b: Result page of LipExDB 

Figure 3: Query and result pages of LipExDB after user clicked on the target id link 
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LipExPS validation 
 
Fig 4 shows the validation process of LipExPS. The 
amplified ARM lipase was cloned into pPICZαB and 
pGAPZαA. The plasmids and strain were selected based on 
the predicted result from LipExPS and LipExDB (Fig 2b 
and 3b). The tables in Fig 4 show the lipase activity for 

GS115/pPICZαB/ARM and GS115/pGAPZαA/ARM. 
pPαB15 and pGαA18 have shown the highest lipase 
activities in GS115/pPICZαB/ARM and 
GS115/pGAPZαA/ARM, respectively. It demonstrated that 
the inducible expression system containing the AOX 
promoter resulted in higher lipase activity than the 
constitutive GAP promoter. 

 

 
 
 
LipExDB Database 
 
Journal articles (150) from various databases were searched 
with the respective keywords, but only 42 reports on lipase 
expression with 20 lipase genes were found. The 
UniProtKB accession numbers of the curated lipases as 
reported by published results were AF229435, AF073953, 
AJ012632, AJ320260, AY260764, AY855077, DQ831123, 
FJ536288, M93283, M93284, P19515, P32948, P41365, 
S65092, X64703, X64704, X78032, X95309, and Z30645. 
The data curated were defined in Table 1 and classified into  
 

 
 
structured and unstructured data before storing in the 
database. The structured data was stored in a relational 
model and the unstructured data was stored using a flat file 
model. This information was documented in the database. 
The link for LipExDB is provided in 
http://kbioimage.my/lipex/indexDB.php. Fig 5 shows the 
GUI of LipExDB. This page contained a navigation bar 
with “Home”, “Prediction”, “Search”, “Contact” and side 
bar with Frequently Asked Questions (FAQs) such as 
“What is a gene?”, “What is a promoter?”, “What is 
strain?”, “What is a vector?”, “What is Pichia pastoris?” 
and “What is yeast?”. 
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Table 1: Structured and data definition of LipExDB. 
 
Table Attributes Description 

Gene Id 
Name 
Symbol 

Represents the gene of interest 

Promoter Id 
Name 
Symbol 

Enables the expression of the gene in the host 

Publication Id 
Type 
Title 
Author 
Year 
Journal 

Represents the source of the journal 

Sample Id 
Gene_id 
Accession_number 
Sequence 
Type 
Source_id 
Characteristics 
Publication_id 

Links gene, publication and source tables together  

Spvs Id 
Sample_id 
Promoter_id 
Vector_id 
Strain_id 
Yield 

Links sample-, promoter, vector and strain tables together and it also 
contains the yield (level of expression) 

Source Id 
Species_name 
Genus 
Authorship 
Year 
Family 
Class 
Phylum 
Kingdom 
Sorder 

Represents the organism where the gene was isolated from 

Strain Id 
Name 

Represents the host organism which expressed the lipase 

Vector Id 
Name 

Represents the carrier of the cloned gene into the host strain 
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DISCUSSION 
 
The LipExPS is a web-based tool to predict recombinant 
lipase expression in P. pastoris. This website performs a 
search against the curated LipExDB using a BLAST 
heuristic algorithm to find similar matches to the new 
submitted lipase query sequence. The result page displayed 
the query sequence aligned with curated sequences in 
LipExDB. Other statistical results were also returned in 
order to justify the validity of the returned alignments. The 
statistical results such as score, E-value and identity were 
important to show the strength of the alignment (Fig 2b). 
The alignment was considered valid and acceptable if the 
given score was above 1500 with 0 E-value and the identity 
above 75% [33]. If the returned alignment result met the 
above requirement, the user can click on the target id of the 
returned alignment to get more information about the 
promoter/host to be used to clone and express the query 

lipase (Fig 3). On the other hand, a query sequence cannot 
be shorter than 20 amino acids as shorter queries would 
affect the accuracy of the alignment but in a case where it 
was shorter than 20 amino acids users should focus more on 
the identity. LipExPS has a simple interface and user query 
fields. A user guide on how to use LipExPS was also 
provided on the website.  

The BLAST algorithm used in this study was a common 
algorithm that has been used in [42], [43]. This algorithm 
was implemented for binary prediction in previous studies 
and primarily for searching sequence databases [44]. By 
contrast, in this study, the search was performed based on 
curated lipase expression data. A prediction was made 
based on the similarity of the sequences, providing both a 
promoter and a host strain to be used in the cloning of a 
new lipase gene. 

ARM lipase was chosen to validate the LipExPS 
prediction system experimentally because this lipase has 

Figure 5: Graphical user interface of LipExDB. This page has four main menus which are home, prediction, search and 
contact. The prediction menu links the database to the prediction page. The search menu is use to query the database. Contact 
menu is for enquiry and comments. 
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not been expressed in P. pastoris. The ARM lipase gene 
was successfully cloned into two different plasmids 
(pPICZαB and pGAPZαA). As predicted by LipExPS, 
ARM lipase was productively expressed in P. pastoris 
strain GS115 using AOX and GAP promoters resulting in 
the highest level of expression at 0.93U/mL and 0.63U/mL, 
respectively after 48 hours. This un-optimized result proved 
that LipExPS can predict the expression of recombinant 
lipase in P. pastoris. Similar trends were observed for T1 
lipase [36] and L2 lipase [45] where the AOX promoter 
gave higher expression levels than the GAP promoter. 

LipExDB was developed to store lipase data, perform 
data management and retrieve data. GUI of LipExDB 
contained few functions for data retrieving and record 
management. Users can communicate interactively with 
LipExDB through the user-friendly GUI provided. Data 
currently presented in LipExDB were specific to lipases 
expressed in P. pastoris. LipExDB can provide users with 
information for each lipase expressed in P. pastoris, such as 
the type of lipase, accession number, optimal pH and 
temperature, promoter and vector used in the cloning 
process P. pastoris strain used in the expression of the 
particular lipase. Only 20 lipases were present in this 
database. Even though many attempts and keywords used, 
only a few lipases have been successfully expressed in P. 
pastoris. In general, researchers did not report the negative 
result where their attempts to express the particular lipases 
in P. pastoris failed. LipExDB has provided the users with 
the opportunity of knowing what gene, promoter, vector, 
yeast, P. pastoris and strain are. It also has three drop-down 
lists where the users can select to retrieve the information 
about the reported lipase. 

Curating is an ongoing process, so as new lipase genes 
are expressed and articles are published, LipExDB database 
will be updated. So far, the study focused on lipase 
expression in P. pastoris data. This study can be further 
improved to retrieve data from other hydrolytic enzymes or 
proteins, which will be deposited in the future. This 
platform and strategy could be extended to document and 
predict other recombinant proteins in future use. 
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