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CYPT1AV1 suitable for designing protein recombinant production before
CAl entering the laboratory. The amino acid sequence of CYP71AV1
GC contents was back-translated to the DNA sequence and adapt to E. coli
protein solubility codon usage by using Gene Designer. The DNA sequence of

optimized CYP71AV1 was analyzed using Rare Codon Analysis to
assess the expression efficiency in E. coli. The protein solubility
prediction was determined using the SoDoPe tool. The optimized
CYP71AV1 was determined to have a CAIl 0.81, a GC content of
53.08 %, CFD with low frequency, and no negative cis or repeat
elements. The result of the probability of solubility of CYP71AV1
was 0.6207 when expressed in E. coli. The MBP fusion partner can
be used to increase the solubility of CYP71AV1. The in-silico
results showed the possibility of high-level protein expression of
optimized CYP71AV1 in the E. coli system.
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1. Introduction
Malaria is a global health problem, especially in a tropical area like Africa and Southeast Asia.
World Health Organization (WHO) in 2005 reported that 300 million to 500 million people were
infected by Plasmodium sp, and more than one million were killed annually. Plasmodium falciparum
as a malarial agent reported becoming resistant to nearly all antimalarial drugs [[1]]. Multidrug
resistance in P. falciparum to the commonly used antimalarial agents becomes more widespread.

Artemisinin is a sesquiterpenoid lactone isolated from Artemisia annua L. It is known as an
alternative antimalarial compound. Artemisinin is effective against both chloroquine-resistant and
sensitive strains of Plasmodium sp. In 2006, WHO recommended malarial treatment with ACTs
(Artemisinin-based combination therapies/ACTs) [[2]]. Artemisinin production in plants followed the
terpenoid biosynthesis pathway through the mevalonate pathway. Some enzyme involved in the
artemisinin biosynthesis are farnesyl pyrophosphate synthase (ERG20), amorpha-4,11-diene synthase
(ADS), cytochrome P450 monooxygenase (CYP71AV1), and cytochrome P450 reductase (CPR) [[3]].
CYP71AV1 oxidized Amorpha 4,11 diene to produce artemisinic acid.
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To improve the understanding of artemisinin biosynthesis, molecular cloning of the enzymes
involved in the oxidation of amorpha-4,11-diene in heterologous hosts is needed. Escherichia coli is
the most favorable host for producing recombinant proteins due to its inexpensive, rapid growth rate,
ease of manipulation, and high yield of protein expression [[4]].

The expression of a heterologous protein requires a codon between the host and the target gene.
Differences in the use of codons can result in lower expression of heterologous proteins due to the
inhibition of the translation process [[5],[6]]. Prediction of the success of heterologous protein
expression can be made in silico using rare codon analysis software. Codon changes to have a high
preference with codons in E. coli can be done using the Codon optimization tools software. This study
aimed to in silico design the gene encoding CYP71AV1 for expression in E. coli. In silico designs
were carried out to reduce the risk of failure, saving time, and reduce research costs [[7]].

2. Materials and methods
The bioinformatics tools used in this research include SignalP3.0 software, Gene Designer (DNA
2.0), Rare Codon Analysis (www.genscript.com), and protein solubility prediction
(https://tisigner.com/sodope/). The CYP71AV1 amino acid sequences were taken from NCBI (access
code: ABI131728.1).

2.1. Prediction of signal peptides

The CYP71AV1 amino acid sequence along with 495 amino acids was obtained from the NCBI
gene bank (access code: ABI31728.1). The signal peptide for CYP71AV1 was predicted using
SignalP3.0. The method in SignalP3.0 is based on the Hidden Markov Model (HMM) and Neural
Network (NN) methods [[8]].

2.2. Design and optimization of the gene encoding of CYPAV171

Codon optimization of the gene encoding of CYP71AV1 was carried out using Gene Designer
(DNA 2.0). The amino acid sequence of CYP71AV1 was back-translated according to the reference
codon in E. coli. The adjusted parameters were codon usage bias, GC content, and enzyme restriction
side that might interfere with the cloning. The nucleotide sequence of non-optimized CYP71AV1 and
optimized CYP71AV1 were analyzed using Rare Codon Analysis (https://www.genscript.com/cgi-
bin/tools/rare_codon_analysis) to assess the expression efficiency of CYP71AV1 in E. coli. The
parameters assessed were codon adaptation index (CAIl), GC content, and Codon Frequency
Distribution (CFD).

2.3. Protein solubility prediction
The solubility of CYP71AV1 protein was performed by the SoDoPe tool
(https://tisigner.com/sodope).

3. Results and discussion
3.1. Signal peptide prediction
CYP71AV1 was an extracellular protein that accumulated in the trichome. Protein sequence
encoding of CYP71AV1 was obtained from NCBI GenBank (accession number ABI31728.1) from A.
annua. To obtain the mature protein, the signal peptide of CYP71AV1 should be removed. The signal
peptide of CYP71AV1 was confirmed by signal P3.0 software using the Hidden Markov Model and
Neural Network methods.
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Figure 1. The results of signal peptide prediction analysis using SignalP 3.0. (A) Hidden Markov Model Method. (B). Neural Network
Method.

Signal peptide confirmation from both methods showed that the first 19 amino acids from the N
terminal of CYP71AV1 protein were signal peptide. Cleavage sites occur between A19 and T20
(Figure 1). Based on Figure 2, the mature protein of CYP71AV1 is composed of 476 amino acids
starting with Threonine (T20) to Phenylalanine (F495).

Signal Peptide mature protein of CYP71AV1
MKSILKAMALSLTTSIALATILLFVYKFATRSKSTKKSLPEPW
RLPIIGHMHHLIGTTPHRGVRDLARKYGSLMHLQLGEVPTIV
VSSPKWAKEVLTTYDITFANRPETLTGEIVLYHNTDVVLAPY
GEYWRQLRKICTLELLSVKKVKSFQSLREEECWNLVQEIKAS
GSGRPVNLSENVFKLIATILSRAAFGKGIKDQKELTEIVKEILR
QTGGFDVADIFPSKKFLHHLSGKRARLTSLRKKIDNLIDNLVA
EHTVNTSSKTNETLLDVLLRLKDSAEFPLTSDNIKAIILDMFG
AGTDTSSSTIEWAIPELIKCPKAMEKVQAELRKALNGKEKIH
EEDIQELSYLNMVIKETLRLHPPLPLVLPRECRQPVNLAGYN
IPNKTKLIVNVFAINRDPEYWKDAEAFIPERFENSSATVMGA
EYEYLPFGAGRRMCPGAALGLANVQLPLANILYHFNWKLP
NGVSYDQIDMTESSGATMQRKAELLLVPSF

Figure 2. The CYP71AV1 amino acid sequence. Signal peptides (red color), mature protein of CYP71AV1 (black).

Signal peptides are peptides with a length of 16-30 amino acids present at the N terminal of
nascent proteins. Signal peptides or leader sequences are co-translationally-translocated nascent
proteins into the Endoplasmic Reticulum (ER) lumen. Secreted proteins are delivered to the cell
surface via vesicular carriers, budding from TGN or AG directly [[9]].

3.2. Design and optimization of the gene encoding of CYPAV171

The efficiency of heterologous protein expression may be affected by codon sequence, mMRNA
stability, host strain, and environment [[10],[11]]. The difference in codon preference used in the
original host and target host can reduce protein expression efficiency due to low mRNA translation
and the cessation of the polypeptide elongation process during translation [[12],[13]]. Codon
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optimization is only performed on mature proteins. The amino acids that make up the signal peptide
were removed after in silico analysis. The signal peptide was not codon optimized because the signal
peptide was not expressed. CYP71AV1 expression is targeted to the cytoplasm.

According to the rare codon analysis of non-optimized CYP71AV1, the CAI (codon adaptation
index) value was calculated to be 0.58 outside the ideal value for expression in E. coli. The GC content
is 43.06%, and the optimal codon frequency (CFD) value is 30% which is also outside the ideal value
(Table 1). This result showed that non-optimized CYP71AV1 contains a rare codon for E. coli, thus,
ineffective translation might occur [[14],[6]].

Table 1. Rare codon analysis result

Sequence CAl GC CFD

Non-optimized CYP71AV1 0.58 43.06% 16%

Optimized CYP71AV1 0.81 53.08% 2%

The strategy to increase the expression of a heterologous protein is by replacing rarely used
codons with high-frequency codons in the desired host [[15]]. The sequence of optimized codons was
then chemically synthesized for the cloning process. This method is known to be much more effective
than gene isolation. It can also reduce the risk of pathogenic microbial infection [[16]]. In this
research, the optimized codon of CYP71AV1 was done by an online tool from DNA 2.0. The sequence
of nucleotides from codon optimization can be seen in Figure 3.

Optimized CYPT1AV1

ATGACCATCCTGCTGTTCGTCTACAAATTCGCAACTCGCTCAAAGAGCACCAAGAAGAGCCTGCCGGAG
CCGTGGCGCCTGCCGATCATTGGCCACATGCATCACCTGATTGGTACCACCCCGCACCGTGGTGTGCGT
GACCTGGCGCGTAAGTACGGTTCTCTGATGCACCTGCAGCTGGGCGAGGTCCCAACCATCGTGGTCAG
CAGCCCGAAATGGGCAAAGGAAGTTCTGACGACGTACGACATCACCTTTGCTAATCGTCCGGAAACCTT
GACCGGCGAGATCGTATTGTATCATAATACCGATGTTGTCCTGGCCCCGTACGGCGAATACTGGCGTCA
ACTGCGTAAGATTTGTACCCTGGAACTGCTGTCCGTGAAAAAGG TGAAATCTTTTCAAAGCCTGCGCGA
AGAAGAGTGCTGGAATCTGGTGCAGGAGATTAAGGCGAGCGGTAGCGGTCGCCCGGTTAATCTGTCCG
AAAATGTGTTCAAACTGATTGCGACTATCCTGTCCCGTGCGGCGTTCGGTAAAGGCATTAAAGACCAAA
AAGAACTGACGGAGATTGTCAAAGAGATCCTGCGCCAAACGGGLGGTTTTGATGTTGCGGACATCTTC
CCTTCTAAAAAGTTCCTGCATCATCTGAGCGGCAAACGTGCCCGTCTGACCAGCCTGCGCAAGAAAATT
GACAACTTGATCGATAACCTGGTTGCAGAGCATACCGTTAATACGAGCTCGAAAACGAACGARACCTTG
CTGGACGTGCTGTTGCGCTTGAAGGATAGCGCGGAGT TCCCGCTGACTAGCGACAACATCAAGGCGAT
TATTCTGGACATGTTTGGTGCGGGTACCGATACGAGCAGCAGCACCATTGAGTGGGCCATTCCGGAGCT
GATCAAATGCCCGAAAGCAATGGAAAAAGTTCAGGCTGAGCTGCGTAAGGCGCTGAACGGTAAGGAA
AAGATTCACGAAGAGGATATTCAGGAACTGAGCTACCTGAATATGGTTATCAAGGAAACGTTGCGTCTG
CACCCTCCGTTGCCGCTGGTTCTGCCGCGTGAGTGTCGTCAGCCGGTGAACTTGGCCGG CTACAATATC
CCGAACAAGACCAAACTGATCGTCAACGTATTTGCAATCAATCGCGATCCGGAGTATTGGAAAGACGCT
GAGGCTTTTATCCCAGAGCGTTTTGAAAATTCCAGCGCAACGGTGATGGGCGCAGAGTATGAGTATCTG
CCGTTTGGTGCCGGTCGTCGTATGTGCCCAGGTGLGGLCCCTGGGTCTGGLCGAACGTCCAGCTGCCGTT
GGCGAACATTCTGTATCACTTCAACTGGAAGCTGCCGAACGGCGTCAGCTACGATCAGATTGACATGAC
CGAAAGCAGCGGTGCAACGATGCAACGCAAAGCGGAGCTGCTGCTGGTTCCGAGCTTCTAA

Figure 3. Nucleotide sequence of optimized CYP71AV1

The optimized CYP71AV1 was determined to have a CAl of 0.81, a GC content of 53.08%, CFD
with low frequency and no negative cis, or repeat elements using rare codon analysis. The codon
optimization tool has improved the CAI value of optimized CYP71AV1 from 0.58 to 0.8. The CAI
value > 0.8 indicates good genes expressed in the desired host. The average value of the GC content of
the optimized CYP71AV1 was under the excellent value, namely 53.08%, and there was no peak
outside of 30%-70%. High GC content values (> 70%) can reduce efficiency and inhibit translation,
while low GC content values (<30%) can result in a delayed transcription elongation process [[6]]. All
parameters of optimized CYP71AV1 are in ideal range compared with non-optimized CYP71AV1.

Research on increasing the level of heterologous protein expression in E. coli through codon
optimization has been carried out, including interleukin-2, which increased 16 times. Interleukin 18
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increased five times; Troponin T increased 40 times, and glutathione transferase increased 140 times

[[611

3.3. Protein Solubility Prediction

Protein solubility of CYP71AV1 was predicted by Soluble Domain Protein (SoDoPe) tools. The
amino acid sequence of CYP71AV1 has probability of solubility of 0.6207 when expressed in E. coli
(Table 2). SoDoPe online tool calculates the protein solubility based on Solubility-Weighted Index
(SWI1) [[17]]. Solubility score above 0.5 indicates CYP71AV1 is a soluble expression in E. coli.

Table 2. SoDoPe Analysis Results
Protein Probability of solubility Fexibility GRAVY

CYP71AV1 0.6207 1.001 -0.2019

Obtaining recombinant protein, which is expressed at a high level and soluble, is the main
requirement of recombinant protein production [[18]]. However, almost half of the heterologous
proteins fail to be expressed and half of them are successfully expressed in inclusion bodies
(http://targetdb.rcsb.org/metrics/).  Solubility of protein is influenced by physicochemical
characteristics and protein structure such as molecular weight, hydrophobicity, aromaticity, isoelectric
point, and the polarity of residue as well as by extrinsic factors including ionic strength, pH, and
temperature [[19]-[22]].

SoDoPE online tool also provides options for solubility prediction in the presence of fusion
partner proteins. Fusion partner proteins such as thioredoxin (TRX), maltose-binding protein (MBP),
small ubiquitin-related modifier (SUMO), and glutathione S-transferase (GST) can increase protein
solubility [[18]]. Prediction of the effect of different fusion partner proteins on the solubility of
CYP71AV1 can be seen in Figure 4.
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Figure 4. The effect of different tags on solubility of CYP71AV1

Based on Figure 4, the fusion partner protein that is likely to provide the highest increase in
CYP71AV1 solubility was MBP. MBP is known to be one of the most effective solubilizing enhancers
for increasing solubility, improving yield, and aiding the proper folding of its fusion partners. Fusion
partner MBP can be placed at the C-terminus (MBP-CYP71AV1), after the CYP71AV1, or at the N-
terminus (CYP71AV1-MBP), before the CYP71AV1. Both fusion proteins have the same probability
of solubility of 0.736. These results indicate that SoDoPe tool cannot distinguish the effect of the
position of the fusion protein. In fact, several publications have shown that MBP at the N terminus of
the target protein is more efficient than MBP at the C-terminus [[24]]. Currently, various commercial

5
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expression vectors containing MBP tags are available for production in E. coli, including the pMAL
(New England Biolabs), MBP tag vector (Sigma) and pIVEX (Roche) series. The exact mechanism of
MBP to increase solubility is unknown, but it is thought that MBP serves primarily as a "holdase" that
will mediate proper folding [[23],[24]].

Although testing in-silico predictions were good, they could not be ascertained when tested in
vitro and in vivo, which is directly proportional to the results of in-silico due to various factors that can
influence the final results of research that is expected.

4. Conclusions
The codon optimization results indicate the optimized CYP71AV1 had a high probability of being
expressed in E. coli compared to the non-optimized CYP71AV1. In silico design can be considered as
a suitable method to predict efficient protein expression before entering the laboratory. However,
experimental studies are required to verify this construct.
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