Biomass Conversion and Biorefinery
https://doi.org/10.1007/513399-023-04766-w

ORIGINAL ARTICLE q

Check for
updates

Bioinformatics approaches in upgrading microalgal oil for advanced
biofuel production through hybrid ORF protein construction

Ihtesham Arshad’ - Muhammad Ahsan? - Imran Zafar® - Muhammad Sajid' - Sheikh Arslan Sehgal*- Waqas Yousaf® -
Amna Noor' - Summya Rashid® - Somenath Garai’ - Meivelu Moovendhan® - Rohit Sharma®

Received: 13 February 2023 / Revised: 27 June 2023 / Accepted: 15 August 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

Microalgae are promising for biofuel production due to their high oil content and fast biomass growth, but increasing
their oil content is essential for economic viability. In this study, we conducted in silico investigations to identify oil-
producing genes in various microalgal species. We selected six genes from different species: ACCD and F751_4275 from
Chlorella protothecides, C2E21_7193 and C2E21_2849 from Chlorella sorokiniana, and COO60DRAFT_1295191 and
COO60DRAFT_1481410 from Scenedesmus sp. We utilized the NCBI genome database and performed BLASTp analysis
to identify these genes’ superfamilies (PLN02349, DUF212, BKR SDR, PRK08591, ACCD, and SET LSMT). The open
reading frames (ORFs) of the selected genes were analyzed using the ORF Finder tool to determine their lengths and the
locations of their start and stop codons. Based on this analysis, we constructed two hybrid ORFs by combining the ORFs
from different genes. Hybrid ORF 1 had a length of 5166 base pairs, while hybrid ORF 2 was 3516 base pairs long. The
thermodynamic evaluation was performed on these hybrid ORFs to assess their stability and GC content. We translated the
hybrid ORF sequences into protein sequences using the Translate feature of Expasy. Tertiary structure predictions and bio-
informatics approaches were employed to analyze the permissible regions for amino acid dihedral angles, providing insights
into the potential functionality of these hybrid ORF proteins. The results of this study indicated that both hybrid ORFs have
the potential to produce high lipid contents, making them promising candidates for biofuel production. However, it is essen-
tial to conduct further in vitro experiments to validate the functionality of these hybrid proteins. Our study contributes to
understanding oil-producing genes in microalgae and their potential applications in the biofuel and pharmaceutical industries.
The identified genes and hybrid ORFs provide valuable insights into microalgae species’ genetic manipulation and biology,
paving the way for advancements in renewable energy and other biotechnological applications.
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1 Introduction different proteins to create novel and optimized enzymes. By

leveraging bioinformatics tools and techniques, researchers

Microalgae have emerged as a promising and sustainable
source for producing advanced biofuels. Their ability to effi-
ciently convert solar energy and atmospheric carbon diox-
ide into lipids, particularly triacylglycerides (TAGs), makes
them an attractive alternative to traditional fossil fuels. How-
ever, to harness the full potential of microalgal oil for bio-
fuel production, there is a need for advanced techniques to
enhance lipid content and quality. One promising approach
is the construction of hybrid open reading frame (ORF) pro-
teins, which involves the fusion of functional domains from
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can analyze genomic and transcriptomic data, predict pro-
tein structures, and design modifications that improve the
efficiency of microalgal oil production.

The escalating global energy crisis, fueled by the expo-
nential increase in energy demands and the depletion of
fossil fuel reserves, has become a pressing issue in today’s
world [1]. The over-reliance on petroleum-based fuels,
driven by rapid population growth, urbanization, and indus-
trial development, not only leads to the exhaustion of finite
resources but also contributes significantly to releasing CO2
into the atmosphere [2]. With CO2 levels reaching alarming
heights of 400 parts per million, the urgent need to address
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this environmental challenge has become more appar-
ent [3]. Moreover, industrial effluents further compound
the issue by intensifying the accumulation of greenhouse
gases, exacerbating global warming and climate change [3,
4]. Consequently, scientists worldwide actively seek innova-
tive solutions to mitigate the environmental impact and find
sustainable alternatives to combat these challenges [5]. Bio-
fuels have emerged as a compelling area of research, offering
a promising avenue for addressing the energy crisis while
minimizing CO2 emissions [6, 7]. Derived from plant bio-
mass through chemical and physical processes, biofuels such
as biodiesel, bioethanol, and biogas present viable options
that exhibit reduced environmental footprints [6, 7]. Plant
biomass encompasses any living material, primarily plant-
based, that has stored energy through photosynthesis, includ-
ing wood, plant remnants, and agronomic waste products [8].
This vast array of potential feedstocks provides renewable
and sustainable energy generation opportunities. Biodiesel,
produced from algal oil extracted from microorganisms such
as Chlorella vulgaris, represents a promising avenue for bio-
fuel production [9]. Microalgae possess unique character-
istics, including producing storage starches comparable to
those found in photosynthetic organisms, accumulating large
amounts of phosphatidylcholine, and effectively converting
CO2 through photosynthetic electrostatic interactions [3].
These features make microalgae an excellent candidate for
efficient biodiesel production.

The conversion of Pongamia (Karanja) oil into bioetha-
nol presents another viable option in pursuing sustainable
energy sources [10]. Pongamia oil exhibits favorable proper-
ties as a feedstock for bioethanol production, and its conver-
sion into ethanol can contribute to the diversification of the
biofuel market. Biofuels offer several advantages over tradi-
tional fossil fuels. Firstly, they help reduce greenhouse gas
emissions, mitigating the adverse effects of climate change.
By utilizing plant biomass, biofuels promote carbon neutral-
ity, as the CO2 released during combustion is recaptured by
plants during photosynthesis [8]. Biofuels provide opportu-
nities for sustainable agricultural practices and reduce reli-
ance on non-renewable resources, thereby supporting long-
term energy security [11, 12]. In addition to experimental
approaches, in silico methods have gained prominence in
biofuel research due to their cost-effectiveness and ability to
provide valuable insights. These computational techniques
offer unique guidelines for optimizing biofuel production
processes, enhancing efficiency, and reducing costs. Micro-
algae have garnered significant attention from scientists
due to their exceptional lipid content and rapid growth rate
[13]. These microorganisms, encompassing both autotrophic
eukaryotic and prokaryotic species, thrive in diverse envi-
ronments and possess chlorophyll pigments that enhance
their photosynthetic efficiency compared to terrestrial
plants [14]. When compared to macroalgae, microalgae offer
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numerous advantages, including a simple cellular structure,
fast reproduction rates, and a high oil yield, making them
an ideal choice for biofuel production by industrial firms
[15]. Selecting an appropriate biofuel feedstock is crucial
for cost-effective production, and microalgae excel in this
regard. They offer an abundant supply of oil suitable for bio-
diesel production. Biodiesel, a renewable biofuel composed
of methyl esters and fatty acids derived from plant oils,
microalgal oils, and animal fats, holds immense potential as
an alternative fuel source [16]. Among various bioenergy
prospects, microalgae stand out due to their high oil content,
rapid growth rate, and ease of cultivation. Under optimal
conditions of temperature, light, and nutrient availability,
microalgae can double their biomass within approximately
24 h [16]. During the exponential growth phase, microalgae
can double their biomass every 120 min, showcasing their
remarkable productivity potential.

The oil output of microalgae for biofuel production is
expected to range between twenty thousand to eighty thou-
sand liters per acre, surpassing other oil-producing crops by
approximately 7 to 31 times [16]. Microalgae can produce
a diverse range of biofuels, including bio-hydrogen, biogas,
bio-oil, bioethanol, and biodiesel, further emphasizing their
versatility as a renewable energy resource [17]. The produc-
tion of biodiesel from microalgae involves two key steps. In
the first step, lipids are extracted from microalgal cells, uti-
lizing various extraction methods, to recover the valuable oil
content. In the second step, the extracted oil is transformed
into biodiesel through a process known as transesterification,
where the oil is reacted with an alcohol, typically methanol,
in the presence of a catalyst [18]. In the main context, bio-
fuels hold immense potential as sustainable alternatives to
address the energy crisis. Biodiesel, bioethanol, and biogas
offer environmentally friendly and commercially viable solu-
tions to the increasing demand for energy while minimizing
the detrimental effects of CO2 emissions. Further research
and development efforts are necessary to optimize biofuel
production techniques, improve scalability, and realize the
full potential of biofuels in achieving a more sustainable
energy future. The microalgae hold immense promise as a
biofuel feedstock due to their high oil content, rapid growth
rate, and ability to produce various biofuels [19]. Continued
research and development efforts are necessary to optimize
cultivation techniques, enhance lipid extraction processes,
and improve overall efficiency to make microalgae-based
biofuels a commercially viable and environmentally sustain-
able energy option.

This study explores the application of bioinformatics
approaches in upgrading microalgal oil for advanced bio-
fuel production through hybrid ORF protein construction.
We delve into various aspects, including genomic and tran-
scriptomic analysis to identify candidate ORFs involved
in lipid biosynthesis. We uncover conserved domains and
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functional motifs that can be harnessed for protein engi-
neering by employing sequence alignment and homology
analysis. We investigate the use of protein structure predic-
tion methods to gain insights into the three-dimensional
structure of hybrid proteins. This structural information
aids in understanding their function, stability, and poten-
tial interactions with other molecules involved in lipid
metabolism pathways. Furthermore, in silico mutagenesis
and rational design techniques are employed to optimize the
hybrid protein’s properties, such as catalytic activity and
substrate specificity, for enhanced microalgal oil produc-
tion. Through systems biology and pathway analysis, we
integrate experimental data with computational models to
construct metabolic and regulatory networks associated with
microalgal oil production. This holistic approach enables
the identification of key genes, pathways, and regulatory
elements that can be targeted for maximizing biofuel produc-
tion efficiency. We explore the potential of data mining and
machine learning algorithms to extract meaningful patterns
and predictive models from large-scale omics datasets. This
data-driven approach allows us to discover novel insights
and optimize conditions for improved microalgal oil pro-
duction and biofuel synthesis. By combining the power of
bioinformatics with microalgal oil production, we aim to
contribute to developing sustainable and efficient strategies
for advanced biofuel production. Applying bioinformatics in
hybrid ORF protein construction offers a pathway towards
upgrading microalgal oil and unlocking its full potential as
a renewable energy resource.

2 Materials and methods
2.1 Datasets

A literature analysis was conducted to obtain comprehensive
datasets for essential microalgal superspecies involved in
biofuel production. The aim was to identify datasets contain-
ing two expression patterns and gene products from the same
developmental stage, which would provide valuable insights
for research and enhance biofuel production. The analysis
focused on Chlorella sorokiniana, Scenedesmus species, and
Chlorella, as significant research efforts have been dedicated
to these species, resulting in valuable findings, as mentioned
in Table 1. Open-access databases like the NCBI Sequence
Read Archive (NCBI-SRA) were utilized to access the nec-
essary data, which included ORF and transcriptome datasets.
These datasets have proven highly useful for conducting in
silico investigations and supporting recent research in the
biofuel production field.

Our research utilized the Bligh and Dyer method (1959)
for lipid extraction. This method is widely recognized and
relies on combining chloroform and methanol to effectively

extract lipids from biological samples. The general proce-
dure involved combining chloroform and methanol in a spe-
cific ratio, typically ranging from 2:1 to 3:1, to dissolve the
lipids present in the sample. Our extraction mixture did not
require additional reagents beyond the standard chloroform
and methanol combination. We also explored alternative
lipid extraction methods employed in recent studies. One
such method is the Carpio method (2015), which utilizes
a combination of chloroform, methanol, and NaCl as key
reagents for lipid extraction. The precise proportions of these
reagents may vary depending on the specific methodology
employed. Another method we considered is the Long and
Abdelkader method (2011), which also employs chloroform,
methanol, and NaCl for lipid extraction.

Furthermore, we investigated the Doan method (2011),
which differs from the techniques mentioned earlier in
terms of its approach and reagents. The Doan method uti-
lizes methanolic-HCI and nitrogen gas for lipid extraction
from biological samples. Lastly, we examined the acceler-
ated solvent extraction method with the ASE 350 system,
which has emerged as a newer lipid extraction technique.
This method involves using a combination of solvents,
including methanol, dimethyl sulfoxide, hexane, and ethyl
ether, for efficient lipid extraction from biological samples.
The accelerated solvent extraction method offers potential
advantages over traditional techniques, such as increased
speed and efficiency.

2.2 Dataretrieval techniques

To identify microalgal species with high oil or lipid con-
tent, a comprehensive literature review was conducted. The
search was performed using keywords such as “microalgal
biofuel,” “biofuel,” “microalgae as a biofuel feedstock,” and
“lipid content of microalgal species.” The literature was
sourced from reputable platforms, including Google Scholar,
PUBMED, and NCBJI, following the methodology employed
by earlier researchers [34-36]. From the collected articles,
those directly associated with the specified keywords were
selected for analysis. After careful evaluation, three micro-
algal species exhibiting significant lipid content were identi-
fied as promising candidates for further research. These spe-
cies will be the focus of subsequent investigations to explore
their potential as valuable feedstock for biofuel production.

2.3 Identification of microalgal genes
and functional proteins

This study conducted a meticulous screening process to
select specific microalgal species. Comprehensive data
mining was performed to identify genes responsible for
oil production utilizing various online resources and the
NCBI protein and nucleotide database [37, 38]. Six genes
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Table 1 A comprehensive literature analysis for the most significant microalgal superspecies from years 2011 to 2022, which are implicitly and

explicitly involved in biofuel production

No. Microalgal strain Lipid extraction method

Reagents Year References

1 Scenedesmus oblignus
for lipid extraction.

2 Chlorella luteorividis

lipid extraction.
3 Chlorella pyrenoidosa
for lipid extraction.
4 Chlorella sorokiniana
extraction.
5 Chlorella protothecides
for lipid extraction.
6 Chlorella regularis
for lipid extraction.
7 Chlorella vulgaris
for lipid extraction.

Bligh and Dyer’s (1959) method was used

An accelerated solvent extraction method
with the ASE 350 system was used for

Bligh and Dyer’s (1959) method was used
Carpio’s method (2015) was used for lipid
Bligh and Dyer’s (1959) method was used
Bligh and Dyer’s (1959) method was used

Bligh and Dyer’s (1959) method was used

Chloroform, H,SO,, methanol, C17:0-TAG, 2021 [20]

and 0.9% NaCl
Methanol, dimethyl sulfoxide, hexane, and 2020 [21]
ethyl ether
HCL, chloroform, and methanol 2020 [22]
Chloroform, methanol, and 0.9% NaCl 2019 [23]
Chloroform and methanol 2017 [24]
Chloroform, methanol, and 0.1% NaCl 2017 [25]
Chloroform and methanol 2015 [26]

8 Scenedesmus bijuga Long and Abdelkader’s method (2011) was ~ Chloroform, methanol, and 0.9% NaCl 2014 [27]
used for the lipid extraction.

9  Scenedesmus sp. Bligh and Dyer’s (1959) method was used Chloroform and methanol 2014 [28]
for lipid extraction.

10 Chlorococcum infusionum Doan’s method (2011) was used for the lipid Methanolic-HCI and nitrogen gas 2013 [29]

extraction.

11 Chlorella saccharophila
for lipid extraction.

12 Scenedesmus quadricauda Bligh and Dyer’s (1959) method was used

for lipid extraction.
13 Scenedesmus dimorphus
for lipid extraction.
14 Chlorella ellipsoidea
for lipid extraction.

Bligh and Dyer’s (1959) method was used

Bligh and Dyer’s (1959) method was used

Bligh and Dyer’s (1959) method was used

Chloroform, methanol, nonadecanoic acid, 2012 [30]
and butylated hydroxytoluene

Chloroform and methanol 2012 [31]

Chloroform, methanol, 0.9% NaCl, and 2011 [32]
sodium sulfate anhydrous

Chloroform and methanol 2011 [33]

were carefully chosen from three diverse microalgal spe-
cies for further analysis. The nucleotide sequences of
these genes were acquired in FASTA format from the
NCBI Nucleotide database as per the methods of earlier
researchers [39-42]. To supplement our research, valu-
able information regarding functional proteins was col-
lected from the NCBI Protein database, enhancing the
depth of our investigation.

2.4 Superfamily-based gene screening and ORF
analysis

To identify proteins corresponding to the selected genes,
the BLASTp software was employed, leveraging superfam-
ilies as the basis for screening. Subsequently, the proteins
were further classified based on their respective superfam-
ilies, providing a comprehensive categorization. Within
a gene, the ORF encompasses a continuous sequence of
nucleotides that can be translated into a protein, encom-
passing both the start and stop codons [43]. Typically, the
largest ORF within a gene is utilized for protein synthesis.
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To locate the ORFs within the selected genes, the ORF
Finder tool—a graphical analytical resource offered by
NCBI—was utilized. This enabled the identification of
ORF lengths, conserved region sequences, and the posi-
tions of start and stop codons within the genes [44]. This
detailed analysis facilitated a deeper understanding of the
chosen microalgal genes’ genetic components and protein-
coding potential.

2.5 Creation of hybrid ORFs via superfamily
conserved regions

The OREF retrieval from the selected genes was accom-
plished using the ORF Finder tool, utilizing the acces-
sion numbers as identifiers. The most substantial ORFs,
identified within the nucleotide sequence format of each
gene, were extracted. Subsequently, an amalgamation
of these ORFs was performed to generate hybrid ORFs,
integrating conserved regions derived from all of the
selected genes [45].
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2.6 Restriction enzyme analysis of hybrid ORF

To analyze the hybrid ORF molecules, we utilized the Snap-
Gene software [46]. This software allowed us to visualize
the molecule and identify the locations of restriction sites
where specific restriction enzymes can cut. The information
about these restriction sites is crucial for constructing hybrid
ORFs for expanded cloning purposes.

2.7 Analysis of hybrid ORF

For confirmation of the hybrid ORFs, we employed the Vec-
tor NTI® Express Designer software [47]. This software
provided an ORF Finder tool, which allowed us to verify
the presence of open reading frames within the hybrid DNA
molecule. This step ensured that the hybrid ORFs were ade-
quately constructed and suitable for further analysis.

2.8 Thermodynamic analysis of hybrid ORF

We analyzed thermodynamics using the Vector NTI®
Express Designer software [48]. This analysis evaluated
various parameters to determine the stability of the hybrid
OREFs, providing valuable insights into their structural integ-
rity and potential functional behavior.

2.9 Clone designing of hybrid ORF

To design the clones incorporating the hybrid ORFs of
selected genes, we employed the SnapGene software [49].
This software facilitated the construction of the clones by
seamlessly fusing the desired gene or gene fragment with a
vector. In-fusion cloning, a reliable method for combining
genetic elements, was utilized to ensure the efficient genera-
tion of the desired clones for downstream applications.

2.10 Protein primary structure prediction

We utilized the hybrid ORF sequence to predict the protein’s
primary structure. For this purpose, we accessed Expasy, a
SIB bioinformatics service site that offers a range of scien-
tific tools and access to scientific data [50]. Specifically, we
used the Translate tool provided by Expasy, which enabled
us to convert the nucleotide sequence of the hybrid ORF
into its corresponding protein primary sequence. This step

allowed us to obtain insights into the protein’s amino acid
composition and sequence.

2.11 Hybrid ORF protein 3D structure prediction

To predict the three-dimensional structures of the proteins
encoded by the hybrid ORFs, we employed the I-TASSER
server [51]. The primary sequences of both hybrid ORFs
were individually submitted to the I-TASSER server, which
utilizes advanced algorithms and methods to generate accu-
rate 3D models of proteins. Subsequently, we evaluated the
quality and reliability of the generated models. To perform
structure validation, we used the Ramachandran plot analy-
sis provided by the PROCHECK website, which assessed the
stereochemical quality of the predicted structures [52]. Addi-
tionally, we utilized the ERRAT tool within PROCHECK
to further validate the three-dimensional structures of the
hybrid proteins, ensuring their overall accuracy and reliabil-
ity as per the investigation of earlier researchers [53-56].

3 Results
3.1 Analysis of microalgal species for oil production

In our study, we analyzed the lipid content in three promi-
nent species: Chlorella sorokiniana, Scenedesmus sp., and
Chlorella protothecides. These species are renowned for
their high lipid content, which makes them particularly
interesting for industries that rely on lipid-rich biomass [57].
Our findings, summarized in Table 2, revealed intriguing
results regarding the lipid content of these species. These
findings underscore the considerable lipid content found in
these three species, making them promising candidates for
further exploration and utilization in various industries.
Table 2 presents the lipid oil content and lipid produc-
tivity of three microalgal species: Chlorella sorokiniana,
Scenedesmus sp., and Chlorella protothecides. Chlorella
sorokiniana exhibits a lipid oil content of 28.91 + 2.28%
dry weight, indicating its high oil richness. Its lipid pro-
ductivity is 85.77 + 21.06 mg/L/day, reflecting the amount
of oil produced over a given time. Scenedesmus sp. has a
higher lipid oil content (38.36 + 0.80% dry weight) and
lipid productivity (131.47 + 2.40 mg/L/day), making it a
potentially superior candidate for oil production compared

Table 2 Microalgal species No
selected for the study, along ’
with their oil content

Microalgal species Lipid oil content Lipid productivity/ References
(%dry weight) (mgL~'.d™h
Chlorella sorokiniana 2891 +2.28 85.77 + 21.06 [58]
Scenedesmus sp. 38.36 + 0.80 131.47 +2.40 [59]
3 Chlorella protothecides 31.23 £ 1.09 39.60 +5.45 [60]
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to Chlorella sorokiniana. Chlorella protothecides shows a
lipid oil content of 31.23 + 1.09% dry weight, similar to
Chlorella sorokiniana, but has lower lipid productivity
(39.60 + 5.45 mg/L/day). These variations emphasize the
importance of selecting the appropriate microalgal species
for oil production, as different species possess distinct poten-
tials. Scenedesmus sp. is the most promising option due to
its high lipid oil content and lipid productivity. However,
it is crucial to note that these findings are based on limited
studies, and further research is necessary to evaluate each
species’ oil production potential. Additional considerations
such as growth conditions, production costs, and environ-
mental impact should also be considered when selecting the
most suitable species for oil production.

3.2 Oil-producing genes and their functional
proteins

Genes responsible for microalgal oil production and their
corresponding functional proteins were identified using
the NCBI genome database. A total of six genes were cho-
sen from different microalgal species, and their respec-
tive nucleotide sequences were downloaded in FASTA
format for further analysis. The NCBI Protein database
was utilized to gather information about the functional
proteins associated with these genes. The details of the
six selected genes, their corresponding proteins, and
their accession numbers are presented in Table 3. In our
investigation, a total of six genes were carefully chosen to
study their involvement in microalgal oil production. Two
of these genes were identified in Chlorella protothecides:
ACCD and F751 4275.

Additionally, two genes, namely C2E21 7193 and C2E21
2849, were found in Chlorella sorokiniana. The remaining
two genes, COO60DRAFT 1295191 and COO60DRAFT
1481410, were discovered in Scenedesmus sp. Specifically,
the gene C2E21 7193 from Chlorella sorokiniana was
responsible for encoding the glycerol-3-phosphate acyltrans-
ferase protein, while the gene C2E21 2849 from the same
species encoded the phosphatidic acid phosphatase protein.
Moving on to Scenedesmus sp., the gene COO60DRAFT
1295191 was identified as the encoding source for the acyl
carrier protein. Similarly, the gene COO60DRAFT 1481410
from Scenedesmus sp. encoded the biotin carboxylase pro-
tein. In the case of Chlorella protothecides, the gene ACCD
was associated with the mRNA of the acetyl-CoA carboxy-
lase beta subunit (ACCD) protein. Additionally, the gene
sequence F751 4275 from Chlorella protothecides encoded
the ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit N-methyltransferase protein.

The provided information in Table 3 offers a comprehen-
sive overview of the genes present in various microalgae
species, including their accession numbers, gene names, spe-
cies genomic sizes, species median protein counts, species
median GC% values, and associated proteins. These genes
are involved in key metabolic pathways and enzymes related
to carbon metabolism, fatty acid synthesis, and biotic car-
boxylation. Understanding the genetic makeup of microalgae
is crucial for unravelling the intricate mechanisms that regu-
late carbon metabolism and lipid synthesis in these organ-
isms. By examining the genes involved in these pathways,
researchers can gain valuable insights into the underlying
biological processes that contribute to biofuel production
from microalgae. The data includes lipid oil content and

Table 3 Selection of high-profile species used in biofuel production based on a diverse range of functionalities

No. Organism Accession Gene Genomic size  Median protein ~ Median Protein References
count GC%
1 Chlorella soro- LHPG02000015.1 C2E21_7193 58.6108 Mb 10,384 64.0482 Glycerol-3-phos- [58]
kiniana phate acyltrans-
ferase
2 Chlorella soro- LHPG02000005.1 C2E21_2849 Phosphatidic acid [61]
kiniana phosphatase
3 Scenedesmus sp.  JACERP010000075.1 COO60DRAFT_1295191 93.2383 Mb 12,172 57.05 Acyl carrier protein  [59]
4 Scenedesmus sp.  JACERP010000009.1 COO60DRAFT_1481410 Biotin carboxylase [62]
5 Chlorella proto- ~ IN831941.1 ACCD 229246 Mb 6433 62.5803 Acetyl-CoA [60]
thecides carboxylase beta
subunit (ACCD)
mRNA
6 Chlorella proto-  KL662078.1 F751_4275 Ribulose-1,5-bispho-  [63]

thecides

sphate carboxylase/
oxygenase large
subunit N-methyl-
transferase
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lipid productivity information for three specific microalgal
species. Chlorella sorokiniana exhibits a lipid oil content
of 28.91 + 2.28% and lipid productivity of 85.77 + 21.06
mg/L/day. Scenedesmus sp. demonstrates a higher lipid oil
content of 38.36 + 0.80% and a productivity of 131.47
+ 2.40 mg/L/day. Chlorella protothecides, on the other
hand, possess a lipid oil content of 31.23 + 1.09% and a
lipid productivity of 39.60 + 5.45 mg/L/day. The specific
genes associated with these microalgal species have been
identified, including glycerol-3-phosphate acyltransferase,
phosphatidic acid phosphatase, acyl carrier protein, biotin
carboxylase, acetyl-CoA carboxylase beta subunit, and rib-
ulose-1,5-bisphosphate carboxylase/oxygenase large subu-
nit N-methyltransferase. The knowledge of these genes pro-
vides valuable insights into the biology of these microalgae
species and their potential application in advanced biofuel
production.

3.3 Mapping of ORFs and superfamilies

The identification of superfamilies for specific genes was
carried out using the BLAST program. Through this analy-
sis, six proteins were found to belong to distinct superfamily:
PLN02349, DUF212, BKR SDR, PRK08591, ACCD, and
SET LSMT. In this context, it is essential to note that an
OREF refers to a specific gene section that includes both the
start and stop codons. To locate the ORFs of the selected
genes, the ORF Finder program was utilized. This process
involved extracting information such as the length and posi-
tion of the start/stop codons and the nucleotide and amino
acid sequences of the ORFs. To facilitate further analysis,
hybrid ORFs were created by selecting the largest ORFs
from each gene.

3.4 Construction of hybrid ORFs

The ORF Finder tool was employed to extract the sequences
of the largest ORFs, while the SnapGene online tool was

Glycerol-3-
phosphate
acyltransferase

Phosphatidic acid

phosphatase Acyl carrier protein

ORF1
ORF 3

utilized for building the hybrid ORFs. In total, two hybrid
ORFs were generated through this process. The first hybrid
OREF, called hybrid ORF 1, was constructed by combining
the ORFs from all six genes. As depicted in Fig. 1, hybrid
ORF 1 had a length of 5166 bp. The ORFs from the six
genes were represented in various colors within the hybrid
OREF. The ORF of glycerol-3-phosphate acyltransferase was
highlighted in red, phosphatidic acid phosphatase in blue,
acyl carrier protein in green, biotin carboxylase in accent
orange, acetyl-CoA carboxylase beta subunit (ACCD)
mRNA in black, and acyl carrier protein in yellow. Further-
more, the large subunit N-methyltransferase for ribulose-
1,5-bisphosphate carboxylase/oxygenase was distinguished
in purple.

In this investigation, four distinct ORFs were combined
from four different genes, namely F751_4275, C2E21_7193,
COO60DRAFT_1295191, and COO60DRAFT_1481410.
These ORFs were responsible for encoding the big subunit
N-methyltransferase (HNMT, HMT) of various proteins,
including ribulose-1,5-bisphosphate carboxylase/oxygenase,
glycerol-3-phosphate acyltransferase, acyl carrier protein,
and biotin carboxylase. The resulting hybrid ORF, referred
to as hybrid ORF 2, possessed a length of 3516 base pairs,
as illustrated in Fig. 2. Each of the four ORFs used in the
construction was visually differentiated using a distinct color
scheme. The ribulose-1,5-bisphosphate carboxylase/oxyge-
nase large subunit N-methyltransferase was represented in
purple, glycerol-3-phosphate acyltransferase in red, acyl
carrier protein in green, and biotin carboxylase in accent
orange.

3.5 Hybrid ORF restriction enzyme analysis

The examination of hybrid ORFs using restriction enzymes
was conducted using the SnapGene software. This soft-
ware facilitated the visualization of restriction sites within
the hybrid ORFs, which could be targeted and cleaved
by specific restriction enzymes. The analysis revealed the
potential obstruction points of various restriction enzymes

Ribulose-1,5
Acetyl-CoA bisphosphate
carboxylase beta carboxylase/oxygena
subunit (ACCD) se large subunit N-
Biotin carboxylase mRNA methyltransferase

Hybrid ORF 1 (5166) bp

Fig.1 A hybrid ORF 1 designed using SnapGene
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Fig.2 Hybrid ORF 2 con-
structed by using SnapGene

Ribulose-1,5
bisphosphate
carboxylase/oxygena
se large subunit N-
methyltransferase

Glyce

ORF1

along the hybrid DNA sequences in hybrid ORF 1 and
hybrid ORF 2.

We performed restriction enzyme analysis of hybrid ORF
1 demonstrating that different restriction enzymes could
impede or cleave the sequence at specific locations. Each
restriction enzyme used in the study was assigned a distinct
color to aid visual differentiation. The corresponding results
of the restriction enzyme analysis of hybrid ORF 1 are
depicted in Fig. 3. Similarly, Fig. 4 showcases the restriction
enzyme analysis of hybrid ORF 2, illustrating that different
restriction enzymes could obstruct or cleave the sequence at
various positions. A different color represented each restric-
tion enzyme utilized in the construction process.

3.6 Hybrid ORF analysis

The sequences of both hybrid ORFs were analyzed using
Vector NTI® Express Designer software to verify their
ORFs. The ORF Finder tool in Vector NTI® Express
Designer was used to confirm the hybrid ORF 1, and it
identified ORFs on both the forward and reverse strands.

rol-3-

phosphate
acyltransferase

Acyl carrier protein Biotin carboxylase

ORF 3

ORF 2 ORF 4

Hybrid ORF 2 (3516) bp

The forward-strand ORFs were represented by arrows
pointing from left to right, while the reverse-strand ORFs
were represented by arrows from right to left. For hybrid
ORF 2 verification, the ORF Finder in Vector NTI®
Express Designer was employed, which revealed ORFs
on both the forward and reverse strands. The forward-
strand ORFs were indicated by arrows pointing from left
to right, and the reverse-strand ORFs were represented
by arrows from right to left. Figures 5 and 6 display the
results of constructing two hybrid ORFs, hybrid ORF 1
and hybrid ORF 2. The directional arrows in the figures
indicate the locations of the ORFs on both the forward
and reverse strands. Different colors were used to repre-
sent the ORFs of various genes involved in the construc-
tion. The ORF of ribulose-1,5-bisphosphate carboxylase/
large oxygenase subunit N-methyltransferase was shown
in purple, glycerol-3-phosphate acyltransferase in red,
acyl carrier protein in green, and biotin carboxylase in
accent orange. These figures visually illustrate the study’s
findings and provide a clear depiction of the ORF loca-
tions within both hybrid ORFs.
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Xcml (4220)
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BspDI (3014) Ahdl (4344)
i roua| Aget 130 Pasl (4554) BsmBlI (4957)
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S sall 1289) Sspl (3583) Stul (4699)
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NN R— AflINI(2961) Ep st SRunleeD
co 5
BstBI (2486) Bell (2913) PpuMI
/(3'/15)

Start (1)

1000 2000

Hybrid ORF 1

Fig. 3 Restriction enzyme analysis of hybrid ORF 1
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Fig.4 Restriction enzyme BstEll (1803)
analysis of hybrid ORF 2 Bsml (1872)
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3.7 Hybrid ORF thermodynamic analysis

The stability of the hybrid ORFs was assessed using
thermodynamic evaluation in the Vector NTI® Express
Designer software. Tables 4 and 5 present the results
of the thermodynamics analysis for hybrid ORF 1
and hybrid ORF 2. The analysis considered several

parameters, including dG temperature (°C), probe
concentration, and salt concentration, as the baseline
analytical settings. The study focused on molecular
weight, GC%, thermodynamic temperature, and GC%
temperature. The Vector NTI® Express Designer pre-
dicted two melting temperatures for DNA/RNA oligo-
nucleotides: thermodynamic and GC% temperature. The
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Table4 Hybrid ORF 1 sequence thermodynamic analysis through
Vector NTI® Express Designer

No. Thermodynamic analysis parameters Resulted value
1 Probe concentration (pMol) 250.0

2 dG temperature (Celsius) 25.0

3 Formamide percentage 0.0

4 Salt concentration (mMol) 50.0

5 GC content 61.2%

6 Thermodynamic temperature 100.0

7 Percentage GC temperature 84.4

8 Palindromes (base pairs) 6

9 Stem length (base pairs) 3

10 3" end dG —14.7

11 Nucl. repeats (base pairs) 4

12 3’ end length (base pairs) 7

13 dH —8232.3
14 Molecular weight 308,313.8
15 ds -20,324.7
16 dG -2170.7

Table5 Hybrid ORF 2 sequence thermodynamic analysis through
Vector NTI® Express Designer

No. Thermodynamic analysis parameters Resulted value
1 Probe concentration (pMol) 250.0

2 dG temperature (Celsius) 25.0

3 Formamide percentage 0.0

4 Salt concentration (mMol) 50.0

5 GC content 73.2%

6 Thermodynamic temperature 100.0

7 Percentage GC temperature 89.3

8 Palindromes (base pairs) 6

9 Stem length (base pairs) 3

10 3"end dG -12.8

11 Nucl. repeats (base pairs) 4

12 3" end length (base pairs) 7

13 dH —9063.1
14 Molecular weight 309,114.3
15 ds -22,137.4
16 dG —2461.0

experiment was conducted with default values of 250
pM for the probe concentration and 50 mM for the salt
concentration.

Hybrid ORF 1 was constructed with a GC content
of 61.2% and exhibited a higher GC% temperature of
84.4, as indicated in Table 4. Similarly, hybrid ORF 2
had a GC content of 73.2% and a GC% temperature of
89.3, as shown in Table 4. GC concentrations exceed-
ing 60% are generally considered favorable for gene
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design, protein expression, and primer designing in
polymerase chain reactions. The strength of hydrogen
bonding between GC base pairs significantly influ-
ences the stability of DNA. Moreover, the GC con-
centration affects the secondary structure of mRNA
and the annealing temperature of DNA templates in
polymerase chain reactions. The stability of the mol-
ecules depicted in the tables was assessed based on the
analysis mentioned above.

Table 4 provides the results of a thermodynamic
analysis. The parameters measured include probe con-
centration, temperature, formamide percentage, salt
concentration, GC content, thermodynamic temperature,
percentage GC temperature, palindromes, stem length,
3"end dG, nucleic repeats, 3’ end length, dH, molecular
weight, dS, and dG. The values in the “Resulted value”
column represent the results of the analysis for each
parameter. The probe concentration (250.0 pMol) rep-
resents the amount of probe used in the analysis. The
thermodynamic Gibbs free energy (dG) at a temperature
of 25.0 degrees Celsius and the concentration of forma-
mide (0.0%) both influence the stability of the probe.
The salt concentration (50.0 mMol) represents the salt
present in the solution and can also impact probe sta-
bility. The GC content (61.2%) is the percentage of G
and C nucleotides in the sample. The thermodynamic
temperature (100.0) and the percentage GC temperature
(84.4) are related to the stability of the probe and can
impact its ability to bind to target molecules. The palin-
dromes (6 base pairs), stem length (3 base pairs), and 3’
end dG (—14.7) are parameters related to the structure of
the probe. The nucleic repeats (4 base pairs) and 3’ end
length (7) can also impact probe stability and specific-
ity. The dH (—8232.3), molecular weight (308,313.8),
dS (—-20,324.7), and dG (—-2170.7) are thermodynamic
parameters that describe the stability of the probe and
the strength of its binding to target molecules.

Table 5 presents the results of a thermodynamic anal-
ysis performed on a sample. The parameters analyzed
include probe concentration, temperature, formamide
percentage, salt concentration, GC content, thermody-
namic temperature, GC temperature, palindromes, stem
length, 3' end Gibbs free energy, nucleotide repeats, 3’
end length, enthalpy, molecular weight, entropy, and
Gibbs free energy. The results showed a probe concen-
tration of 250.0 pMol, a dG temperature of 25.0 Celsius,
0.0% formamide, a salt concentration of 50.0 mMol, a
GC content of 73.2%, a thermodynamic temperature of
100.0, a GC temperature of 89.3, 6 palindromic base
pairs, a stem length of 3 base pairs, a 3’ end Gibbs free
energy of —12.8, 4 nucleotide repeats, a 3’ end length of
7 base pairs, an enthalpy of —9063.1, a molecular weight
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of 309,114.3, an entropy of —22,137.4, and a Gibbs free
energy of —2461.0.

3.8 Designing of clone

The pDE-Cas9 cloning vector, a plasmid-based tool, was uti-
lized to insert hybrid ORF 1 at a specific location within the
plasmid. SnapGene software, known for its genetic construct
design, visualization, and annotation capabilities, facilitated
the cloning process. By employing SnapGene, hybrid ORF 1
was successfully cloned into the pDE-Cas9 cloning vector,
generating a modified plasmid harboring the hybrid ORF 1.
This modified plasmid can then express the hybrid protein
in a suitable host cell.

The cloning process was also carried out for hybrid ORF
2, generating clones of both hybrid ORFs using SnapGene
software. The sequence of hybrid ORF 1 had a length of
5166 bp, while the sequence of hybrid ORF 2 was 3516 bp
long. Figures 7 and 8 display the in-fusion cloning vectors,
namely pDE-Cas9 and pGL-basic. The pDE-Cas9 vector,
with a size of 15,758 bp, was employed for the in-fusion
cloning of hybrid ORF 1. On the other hand, the pGL-basic
vector, with a size of 4818 bp, was used for the in-fusion
cloning of hybrid ORF 2.
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The in-fusion cloning technique was employed to gener-
ate clones of both hybrid ORFs. In-fusion cloning is a ver-
satile method that enables the seamless fusion of a desired
gene or gene fragment with a vector. The process involves
mixing the relevant overlapping-end DNA fragments with
a linearized vector for the infusion procedure. SnapGene
software automatically adds appropriate primers for the vec-
tor and the fragment using PCR. After adding the fragment
to the linearized vector, SnapGene reveals the fused result,
confirming the successful cloning.

3.9 Primary structure prediction of protein

The protein sequences of all hybrid ORFs were generated by
translating their respective nucleotide sequences using the
Translate feature provided by Expasy. Each hybrid ORF pro-
duced six frames, three in the 5’ to 3’ direction and three in
the 3' to 5’ direction. The Translate tool in Expasy can convert
amino acid query sequences to nucleotide query sequences,
which can be utilized for predicting tertiary structures.
Careful selection was made to identify the frames with
the most ORFs. Figures 9 and 10 visually depict the pri-
mary protein sequences of hybrid ORF 1 and hybrid ORF 2,
respectively. The primary protein sequences are highlighted

. 20,481)
Pmel (20,647)
RB T-DNA repeat
VS1 StaA
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pVS1 oriV
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// L4440 (4076 .. 4093
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KfII (11,091)
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Fig.7 pDE-Cas9 cloning vector for the in-fusion cloning of hybrid ORF 1 by using SnapGene
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Fig.8 pGL-basic cloning vector for the in-fusion cloning of hybrid ORF 2 by using SnapGene. The area with the gray color indicates the
sequence of hybrid ORF 2

Fig.9 Primary protein sequence of hybrid ORF 1

~5'3' Frame 1 N

Fig. 10 Primary protein sequence of hybrid ORF 2
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in red color, providing a clear visualization of the translated
sequences. These protein sequences will also be valuable for
predicting tertiary structures.

3.10 Tertiary structure prediction

Predicting the tertiary structure of hybrid ORF 1 protein
involves determining its three-dimensional shape based
on the amino acid sequence and its residues’ physical
and chemical properties. Computational methods, such as
molecular dynamics simulations or homology modeling,
are typically employed for this prediction. These methods
help understand the protein’s shape, interactions with other
molecules, and potential functions. The prediction accuracy
relies on the quality of the protein sequence data, the com-
plexity of the protein, and the reliability of the algorithm’s
algorithm. However, it is essential to note that the prediction
of a protein’s tertiary structure may not always be entirely
accurate, and experimental validation is necessary to con-
firm the predictions.

In this study, I-TASSER, a program known for predicting
three-dimensional structures of protein molecules from their
amino acid sequences, was employed. -TASSER utilizes a
fold recognition technique to search the Protein Data Bank
for structural templates. The full-length structure models are
constructed by reassembling structural components using
threading templates, as described in previous research stud-
ies [53, 54]. I-TASSER has demonstrated high accuracy in
protein structure prediction during community-wide CASP
investigations. In the current study, [-TASSER was utilized
to construct the three-dimensional structures of the hybrid
OREF proteins, and the resulting structures were validated
using the Ramachandran plot.

I-TASSER searches for threading templates similar to the
query sequence based on the input amino acid sequence. It
provides five structure models for each hybrid protein, which
are evaluated using various methods such as ERRAT, PRO-
CHECK, PROVE, WHAT CHECK, and VERIFY 3D. Based
on these evaluation values, the best structure models are
selected. Figures 11 and 12 present the three-dimensional
architectures of the hybrid ORF proteins as generated by
I-TASSER.

The three-dimensional structure of the hybrid ORF 1 pro-
tein represents a unique combination of the individual ORFs
from different genes used to construct it. This structure is
determined by the amino acid sequences within the protein
and their interactions in three-dimensional space. Under-
standing the three-dimensional structure of hybrid ORF 1
protein is crucial for comprehending its function, stability,
and interactions with other molecules. This knowledge can
be valuable in developing novel applications and technolo-
gies that utilize this hybrid protein.

3.11 Structure assessment

The Ramachandran plot, or the Rama plot, is a bioinfor-
matics approach used to illustrate permissible regions for
the backbone dihedral phi angles of amino acids against psi
angles. It provides insights into the stereochemical proper-
ties of a protein and is commonly generated using software
like PROCHECK. This study utilized the PROCHECK soft-
ware to generate a Ramachandran plot for hybrid ORF 1.
Figure 13 presents the Ramachandran plot for hybrid
ORF 1, showing the distribution of residues in different
regions. The plot indicates that 73.1% of the residues are
located in highly favorable regions, 21.6% in extra-allowable
regions, 3.0% in generously allowed regions, and 1.8% in
prohibited regions. Specifically, the plot reveals that out of

Fig. 11 Three-dimensional
structure of hybrid ORF 1
protein
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Fig. 12 Three-dimensional
structure of hybrid ORF 2
proteins
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Ramachandran plot
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the total 1232 non-glycine and non-proline residues, 907
(73.6%) are present in the most favored regions, 266 (21.6%)
in additional allowed regions, 37 (3.0%) in the generously
allowed region, and 22 (1.8%) in disallowed regions. The
plot also includes 122 proline residues and 143 glycine resi-
dues, which are represented separately.

The Ramachandran plot serves as a visual representation
in protein structure analysis to assess the conformations of
protein residues in three dimensions. It provides valuable
information about the orientation of amino acid side chains
in space through the phi and psi angles. In the case of hybrid
ORF 1, the Ramachandran plot was used to evaluate the
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stereochemistry of the protein and determine if it adopts a
proper and stable conformation. Additionally, the plot aids
in identifying residues that may be in unfavorable positions,
which could affect the protein’s folding or stability. This
information is crucial for optimizing the protein’s expres-
sion, stability, and function.

According to Fig. 14’s Ramachandran plot for the hybrid
ORF 2, 67.4% of the residues are in the highly favorable
region, 25.2% are in the additionally allowed region, 4.6%
are in the generously permitted region, and 2.8% are in the
prohibited region. The structure assessment of hybrid ORF
2 using the Ramachandran plot is illustrated in Fig. 14. It
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Fig. 14 Structure assessment
of hybrid ORF 2 by using
Ramachandran plot
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showed that 646 (67.4%) residues were present in most
favored regions, 242 (25.2%) residues were present in addi-
tional allowed regions, 44 (4.6%) residues were present in
the generously allowed region, and 27 (2.8%) residues were
present in disallowed regions. The total numbers of non-
glycine and non-proline residues are 959, where end residue
glycine and proline are 2. In detail, 119 glycine residues are
shown in triangular forms. We find a total of 1171 residue
with different natural of functionalities.

4 Discussion

Microalgae have emerged as a promising feedstock for the
production of biofuels, attracting significant attention from
the scientific community. With their high oil content and
rapid biomass production, microalgae offer a potential solu-
tion to our growing energy requirements and the depletion of
fossil fuels. Previous researchers have contributed valuable
insights into this field, while the exploration of Table 1 and
Table 2 demonstrate their potential as a biofuel source, dem-
onstrating the data on the oil content and biomass produc-
tivity of different microalgae species. However, the overall
process remains costly, from farming to oil extraction. To

address this challenge, increasing the oil content of micro-
algae is crucial to offset production costs and ensure eco-
nomic viability. Researchers [64] have explored strategies
such as strain selection, cultivation system optimization,
and oil content enhancement through nutrient manipula-
tion, genetic engineering, and stress induction. Moreover,
efforts are underway to develop cost-effective harvesting and
extraction methods. Ongoing research and advancements in
this field aim to optimize microalgae-based biofuel produc-
tion, making it more economically viable and sustainable
for our energy needs.

In this research, we explored various traditional methods
based on the suggestions and insights of researchers from
2019 to 2022. These methods involve the use of different
biological organisms for the production of bio-based energy,
including bacteria [65], yeast [66], plants [67], and micro-
algae [68]. Among these organisms, microalgae have been
identified as the most promising source of biobased energy.
This is due to their fast growth rate, high lipid content,
and the ability to be cultivated using inexpensive nutrients
such as wastewater, as indicated by earlier researchers [69].
Numerous microalgal strains have been identified for bio-
fuel research, including Chlorella Crucigenia [70], Spiro-
gyra spp. [111, Oscillatoria spp. [72] Chlamydomonas spp.
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[73], Euglena spp. [74], Cladophora spp. [75], Closterium
spp. [76], Chlorella sorokiniana [77], Scenedesmus sp. [78],
Chlorella protothecides [79], Microcystis spp. [80], Ankis-
trodesmus spp. [81], and Pediastrum spp. [82]. Our research
focuses on selected microalgae species that exhibit higher
lipid content than others, specifically Chlorella sorokiniana,
Scenedesmus sp., and Chlorella protothecides. These strains
have lipid oil contents of 28.91 + 2.28%, 38.36 + 0.80%,
and 31.23 + 1.09%, respectively, as determined through
our investigations and results were matched with earlier
researcher [57].

Genome-based identification and comparative analy-
sis of enzymes involved in carotenoid biosynthesis in
microalgae have implications for biofuel production
[83]. By using bioinformatics tools and comparative
genomics, researchers can identify and annotate genes
encoding these enzymes, which share pathways with
biofuel production. Public databases like the NCBI
are leveraged to analyze gene sequences, organization,
and regulation across microalgal species, providing
insights into the evolution and diversity of carotenoid
biosynthesis and biofuel production pathways. The
researcher [84] is engaged in functional annotation and
the delineation of sequence-structure attributes of con-
jectural proteins associated with carotenoid biosynthe-
sis and the generation of biofuels. Techniques such as
sequence homology searches, domain prediction, and
structural modeling help assign potential functions to
these proteins [84]. This integrated approach enhances
our understanding of carotenoid biosynthesis in micro-
algae and facilitates the identification of genetic engi-
neering targets for increasing carotenoid production
and biofuel production efficiency. By leveraging shared
pathways and insights gained from carotenoid biosynthe-
sis research, microalgae can be optimized as a sustain-
able source for biofuel production, contributing to the
development of renewable energy solutions [83, 84]. As
per investigation of earlier researcher [85], microalgae
biodiesel can be recovered using a liquid biphasic flota-
tion system, which separates microalgae biomass from
the growth medium based on density differences. This
approach provides an efficient method for concentrat-
ing microalgae cells for further processing. Biodiesel
from microalgae involves lipid extraction and transes-
terification, resulting in a renewable and sustainable fuel
source.

Microalgae possess specific oil-producing genes,
and we have identified six such genes from the strains
above that act as precursors for biofuel production.
We retrieved the relevant information from the NCBI
database to obtain their nucleotide sequences, employ-
ing the methodology outlined by previous researchers
[86]. Subsequently, we utilized the ORF Finder tool
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to identify the longest ORFs within these genes. The
identified ORFs encode their respective functional
proteins, following the findings of earlier researchers
[87]. To enhance lipid production in different under-
studied microalgae, we combined these identified ORFs
with hybrid ORFs, as suggested by researchers [45].
We followed the same methods employed in predict-
ing our results. We incorporated current and innova-
tive methods based on recent research indications for
further analysis. Online resources such as SnapGene
[88], Vector NTI® Express Designer [89], Expasy’s
Translate tool [90], I-TASSER [91], evaluation tools
[92], and Ramachandran plot [14] were utilized for
various purposes. These included restriction enzyme
analysis, hybrid ORF analysis, thermodynamic anal-
ysis, clone designing, primary structure prediction,
tertiary structure prediction, structure evaluation, and
structure assessment.

Our study involved conducting in silico investigations
to identify oil-producing genes in multiple microalgal
species. To achieve this, we utilized the NCBI genome
database and followed the methods established by earlier
researchers [74]. Among the selected genes, we identi-
fied six specific ones: two ACCD and F751 4275 from
Chlorella protothecides, C2E21 7193 and C2E21 2849
from Chlorella sorokiniana, and two COO60DRAFT
1295191 and COO60DRAFT 1481410 from Scenedes-
mus sp., as presented in Table 3. To further analyze these
genes, we employed the BLASTp program to determine
their associated superfamilies, comparing them with find-
ings from previous research [44]. To gain a deeper under-
standing of the genes, we analyzed their ORFs using the
OREF Finder tool. This analysis allowed us to identify the
length and location of the start and stop codons. Based
on our investigations, the resulting hybrid ORF 1 was
5166 bp in length, as depicted in Fig. 1. Subsequently,
we combined four ORFs from different genes, namely
F751 4275, C2E21 7193, COO60DRAFT 1295191,
and COO60DRAFT 1481410, to create the second
hybrid OREF, following the methods employed by earlier
researchers [51]. Our predicted hybrid ORF 2 had a length
of 3516 bp. By utilizing the ORF Finder tool, we analyzed
the chosen genes’ ORFs and obtained information regard-
ing the length and location of the start and stop codons.
To validate our methodology, we compared our results
with previous studies.

In our study, we employed SnapGene to conduct a restric-
tion enzyme analysis of hybrid ORF 1 and ORF 2. The anal-
ysis revealed that different restriction enzymes could impede
hybrid ORF 1 at various points, which was consistent with
earlier studies [46]. The thermodynamic evaluation of the
hybrid ORFs was carried out using the Vector NTI® Express
Designer, following the methods established in previous
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research. This technique allowed us to assess the stability
of the molecules. Our study presented the outcomes of the
thermodynamics analysis in Tables 4 and 5. For instance,
hybrid ORF 1 was created with a GC content of 61.2% and
a GC% temperature of 84.4, which was higher compared to
earlier studies (Table 4), and our results were in line with
previous findings.

Similarly, hybrid ORF 2 had a GC content of 73.2%
and a GC5 temperature of 89.3, as shown in Table 4.
GC concentrations above 60% are generally considered
favorable for gene design, protein expression, and primer
design in polymerase chain reactions. The stability of the
molecules depicted in Tables 4 and 5 was assessed based
on the same analysis, and the results were compared with
earlier investigations.

The sequence length of hybrid ORF 1 was 5166 bp,
which closely matched the findings of earlier researchers.
Similarly, hybrid ORF 2 had a sequence length of 3516
bp. For the in-fusion cloning of hybrid ORF 1, the vector
pDE-Cas9 with a size of 15,758 bp was employed. In our
results, the vector pGL-basic, used for the in-fusion clon-
ing of hybrid ORF 2, had a size of 4818 bp, and the results
were compared with earlier research to ensure accuracy. To
determine the protein sequences, we translated the hybrid
ORF sequences using the Translate feature of Expasy, fol-
lowing the methods established by earlier researchers. The
translated sequences produced six frames, three for 5’ to
3" and three for 3’ to 5, consistent with previous research.
Tertiary structure prediction was performed using bioin-
formatics approaches, and the results were compared with
earlier studies. The Ramachandran plot, which illustrates
permissible regions for amino acid backbone dihedral phi
angles against psi angles, was employed for further analy-
sis and validation.

Our investigations indicated that both hybrid ORFs
could be utilized to produce high lipid contents. However,
it is essential to note that no in vitro experiments were con-
ducted in this research. Therefore, further in vitro studies
are strongly recommended to validate the functionality of
the created hybrid ORF proteins. Additionally, increas-
ing the oil contents in microalgae could involve using
genes from diverse microalgae species. Furthermore, the
construction of hybrid ORF proteins for other beneficial
metabolites, including carbohydrates, can be explored
using a similar methodology. Throughout our research,
we made effective use of various online resources. The
NCBI genome database served as a valuable source of
genetic information, while the BLASTp program was
instrumental in identifying the superfamilies associated
with the specific genes. The ORF Finder tool facilitated
the analysis of ORFs, enabling us to determine their char-
acteristics. By incorporating these online resources into
our study, we gained valuable insights into the genetic

composition and potential functionalities of the identified
oil-producing genes. Our study showcases the potential
of using in silico investigations, combined with bioinfor-
matics and computational tools, to identify and evaluate
oil-producing genes in microalgae. These findings lay the
foundation for future experimental studies and advance-
ments in bioenergy research.

5 Conclusion

Our in silico investigations focused on identifying oil-pro-
ducing genes in multiple microalgal species, utilizing the
NCBI genome database and following established research
methods. These investigations identified specific genes
in Chlorella protothecides, Chlorella sorokiniana, and
Scenedesmus sp. and determined their associated super-
families using the BLASTp program. Subsequent analysis
of these genes’ ORFs allowed us to create hybrid ORFs,
namely hybrid ORF 1 and hybrid ORF 2, by combining
different ORFs from the selected genes. We employed
various tools and techniques to analyze further and evalu-
ate the hybrid ORFs. SnapGene facilitated a restriction
enzyme study, revealing potential obstructive points in
hybrid ORF 1. The Vector NTI® Express Designer was
used for thermodynamic evaluation, indicating the stabil-
ity of the hybrid ORFs. Additionally, we utilized online
resources such as Expasy to translate ORF sequences into
protein sequences and bioinformatics approaches for pre-
dicting tertiary structures and assessing the stability of the
molecules using the Ramachandran plot.

Our analyses and evaluations consistently matched pre-
vious research findings, providing confidence in the accu-
racy and reliability of our methodology. We determined
the sequence lengths of hybrid ORF 1 and hybrid ORF
2, and employed suitable vectors for their in-fusion clon-
ing. Moreover, we confirmed the translation of ORFs into
protein sequences and examined their frames and struc-
tural characteristics. Based on our investigations, both
hybrid ORFs showed promise for producing high lipid
contents. However, it is crucial to emphasize that our study
remained in the realm of in silico analysis, and further
in vitro experiments are strongly recommended to validate
the functionality and productivity of the created hybrid
OREF proteins. Our research contributes to the understand-
ing of oil-producing genes in microalgae and serves as
a crucial starting point for future wet lab experiments
involving genetically manipulated microorganisms. Addi-
tionally, exploring genes from diverse microalgae species
and expanding the application of hybrid ORF proteins for
other beneficial metabolites can open new avenues for
enhancing microalgae-based biofuel and pharmaceutical
production.
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