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1.   Introduction 

Pyrethroid and other insecticide resistance bestowed on malaria vectors by P450s is a major 

setback to improving the fight against malaria disease using vector control tools [1]. The WHO reports 
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Abstract: Cytochrome P450 enzymes (P450s) offer innate resistance 

defence for malaria vectors against the insecticides permitted by WHO to 

be used in vector control tools. P450s can detoxify broad substrates and 

simultaneously metabolise them, thus the availability of experimental 

three-dimensional structures of these key insecticide detoxifiers is vital to 

improving our knowledge of their enzyme activities. Despite the 

importance of this family of proteins in insecticide resistance, there are no 

available experimental three-dimensional structures of insect P450 yet.  For 

this investigation, a carboxy-terminal Histidine-tagged recombinant 

CYP6Z2 was heterologously expressed in E. coli to generate a soluble 

holoprotein suitable for an experimental three-dimensional structure. The 

expressed enzyme was purified from the cytosol of E. coli via the 

combination of various purification techniques and cholic acid sodium 

salt. Two truncated N-terminal signal peptides: short deletion of 11 amino 

acids and long deletion of 23 amino acids of the hydrophobic domain, were 

created to prevent aggregation, improve solubility, and facilitate 

crystallisation. The CYP6Z2 (full length) produced a holoprotein with a 

P450 protein concentration of 0.60 nmol/mL, whereas the two truncated 

CYP6Z2 isoforms produced only the inactive species with no peak at 450 

nm. We conclude that the hydrophobic signal peptide region of the insect 

Cytochrome P450s seems sensitive and indispensable to ensuring 3-D 

folding and stability. 
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revealed that more than three billion individuals may be at risk of being victims of mosquito bites 

resulting in malaria disease and death [2, 4]. This possible loss of lives drives the attempts to unravel 

the 3D structure of these P450s. However, no experimental 3D structure of these important insect P450s 

has been determined. Insights into the 3D topology of these insect P450s are only possible via homology 

modelling [5-7] using experimentally determined 3D structures, such as human CYP3A4, which shares 

less than 24% amino acid similarity [8, 9]. While the sequence of the amino acids constituting the 

catalytic domain configuration of known P450s is preserved, the side chains’ spatial orientations in the 

few P450s with determined 3D structures vary [10]. These dissimilarities underscore the significance of 

obtaining an experimental 3D topology of a prototype enzyme from each P450 family. This will 

facilitate a better understanding of how the structure of this insect P450 influences its ability to detoxify 

insecticides [11]. 

The 3D structural studies require high throughput of heterologous protein expression [12-14]. A 

bacterial protein expression system using E. coli is usually the expression system of choice to produce 

a good quantity of starting material for structural study. Eukaryotes P450s are localized in the 

membrane, thus the heterologous expression of these enzymes in E. coli, which lack the proper 

compartmentation of organelles, naturally produces low protein yield. Conversely, the eukaryotes 

possess an internal membrane arrangement suitable to house the huge microsomal enzymes [15]. More 

significant is the consequence of the hydrophobic signal peptide of the N-terminal domain of these 

eukaryotic enzymes on their solubility in the cytosol of E. coli [16].  

The foremost P450 enzyme produced in quantity adequate for the 3D experimental study was 

Cytochrome P450cam from Pseudomonas putida: a prokaryote [17]. The absence of N-terminal 

hydrophobic peptide in prokaryotes is believed to be an important feature that improves their solubility 

in the cytosol, therefore, [18] the crystal structure of P450-BM3 was determined six years after that of 

P450-CAM. Consequently, additional crystal structures of prokaryotic P450s have been resolved, 

providing useful templates for the 3D-homology modelling of unresolved eukaryotic P450s [11]. The 

foremost experimental 3D structure of mammalian P450 to be resolved was that of the rabbit CYP2C5 

[17]. The N-terminal signal domain was removed and a chimeric protein containing amino acid 

residues from CYP2C3 was generated. The amino acid residues replaced were recognized to enhance 

the oligomerization of the translated chimeric version of CYP2C5 to a monomer, using high-salt buffers 

without the addition of detergent [19]. Conducting only the mutagenesis of the N-terminal 

transmembrane domain for CYP2C3 and CYP2C5 translated as dimers and tetramers, respectively, 

when their expressions were processed using a buffer with high salt concentration [20]. Consequently, 

the molecular manipulation of the N-terminal truncations and alterations has made feasible the 

possibility for additional eukaryotic P450 crystal structures of 2B, 2C, and 3A subfamilies [11, 21-24]. 

Nevertheless, the crystal structure of CYP3A4 in humans was effectively resolved by just truncating its 

N-terminal signal peptide, without any other alterations [24].  

This study aimed to advance the methodology to express and purify the intact Anopheles gambiae 

CYP6Z2 with its N-terminal signal peptide as a soluble protein in E. coli cells. Additionally, it sought to 

determine the effect of deleting the N-terminal signal peptide, as done with human CYP3A4, on the 

structural conformation and expression of the resulting mutated isomers. Two N-terminal truncations: 

11 and 23 amino acids were genetically engineered and cloned into the pB13 plasmid. The folding 

pattern of the holoprotein of the two N-terminal truncated P450s was monitored and compared with 

the full protein. 

 

2. Materials and Methods 

2.1 Reagents  

New England Biolabs (NEB) supplied the Phusion High Fidelity Polymerase used in this study. 

Eurofins genomics synthesised the oligonucleotides and other enzymes used for the DNA engineering 

were purchased from Thermo Fisher Scientific. Aminolevulinic acid (ALA), Isopropyl-ß-D-thio-

galactopyranoside (IPTG), 3-[(3-cholamidopropyl) - dimethylammonio]-1-propanesulfonate (CHAPS) 

and 5-aminolevulinic acid (ALA) were purchased from Melford (UK). Ni2+-NTA was purchased from 
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Invitrogen. The ECL kit reagent was supplied by GE Healthcare, and the Bradford reagent was 

purchased from BioRad.  

 

2.2 Construction and Cloning of the N-TerminalTruncated Versions Of 5x His-Tagged CYP6Z2 

pB13 plasmid construct expressing His-tagged CYP6Z2 was cloned without the ompA peptide as 

performed by McLaughlin et al., 2008 [8]. This recombinant CYP6Z2 with 5 histidine codons at the 3 ̍ 

end was utilised as a template to create the two N-terminal truncated versions employing Phusion High 

Fidelity Polymerase. The primers were designed to retain the NdeI restriction site, start codon, and 

nucleotide sequences starting from the 12th and 24th amino acid codons of the CYP6Z2 template (Table 

1) for the short and long truncations, respectively. The product from the PCR was cut from a 1% agarose 

gel and purified using a gel extraction kit supplied by Qiagen. The purified amplicon and pB13-CYP6Z2 

were then digested using Nde1 and EcoR1 to generate matching sticky ends on the DNA sequences of 

the truncated PCR amplicons and the pB13 plasmid. The overnight digestion of the two was processed 

at 37 °C and the reaction mixtures were then loaded on 1% agarose gel. The bands were cut out of the 

agarose gel, purified as stated above and then ligated using the T4 ligase. The ligated re-engineered 

plasmid was used to transform DH5α competent cells and incubated at 37 °C overnight. The 

recombinant plasmids were recovered and sent for sequencing. 

Table 1:  The primers used with CYP6Z2 sequence to create the truncated variants of 5x His-tagged CYP6Z2. 

 
 

Forward primer 

 

Reverse primer 

Number of 

residues 

deleted 

5xHis-tagged 

CYP6Z2(Δ3-25) 

 

5'CATATGGCTGGACT

TCCTCATCTAAAGCC

AGA 3' 

5'CCGGGAATTCTCAATGG

TGATGGTGATG 3' 
23 

5xHis-tagged 

CYP6Z2Δ3-13 

5'CATATGGCTTTTCT

CGTGCTCCGCTACAT

CTA-3' 

5'CCGGGAATTCTCAATGG

TGATGGTGATG 3' 
11 

2.3 Expression of the Intact 5x His-Tagged CYP6Z2 and the Two Truncated Variants 

An adapted method of the procedures used for the production and purification process of the 

CYP2B subfamily [11] was exploited to study the expression of the full-length CYP6Z2 and the 

truncated variants. E. coli JM109 K cells were transformed with the verified plasmid and grown on 

ampicillin plates. A colony from the transformation process was added to a 20 ml luria broth (LB) 

augmented with ampicillin to a final concentration of 100 µg/ml. The LB in a 500 mL flask was 

incubated at 37 °C with shaking at 200 RPM overnight. After the incubation, 15 ml was added to a 

terrific broth of 250 ml in a 2 L flask augmented with 100 µg/ml ampicillin. The growth of the cells was 

monitored at 600 nm to reach an optical density of 1–1.5 at 37 °C. The protein translation was initiated 

with 1 mM IPTG and ALA at 80 mg/litre. Additionally, 5 mM Imidazole was included in the solution 

at the time of inducting protein expression to sustain the formation of the holoprotein. The incubating 

culture was allowed to grow for 24 hrs at a temperature of 30 °C while shaking at 120 RPM. The growing 

cells in the culture were collected by centrifugation at 5000 RPM for 15 minutes at 4 °C using a JA-14 

fixed angle rotor of a Beckman JA-21 centrifuge. The production of the protein was monitored at 

different growth conditions and the production of properly folded P450 enzyme was compared. 

2.4 Affinity Chromatography of the Intact 5X His-Tagged CYP6Z2 

        Purification of the protein was carried out at a temperature of 4 °C. The centrifuged cell pellets 

from the culture were resuspended in 500 mM potassium phosphate, 10 mM β-mercaptoethanol (β-

ME), 10 % glycerol, and 0.4 % sodium cholate at pH 7.4 and then homogenised. The well-homogenised 

cell suspension was sonicated for 30 seconds and then cooled on ice for 45 seconds. This process was 

repeated three times. The sonicated solution was centrifuged for 35 mins at 113,000 g (31,000 RPM) 
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utilising a fixed-angle Ti 50.2 rotor in a Beckman Ultracentrifuge machine. The supernatant was loaded 

onto Ni2+-NTA resins previously equilibrated using 500 mM potassium phosphate buffer, 10 mM β-

ME, 10 % glycerol, and 0.4 % of the detergent: sodium cholate at pH 7.4. Then a β-ME buffer solution 

(buffer solution A: 10 mM β-ME, 500 mM potassium phosphate, and 10 % glycerol) was utilised for the 

washing steps. The sample loaded on the resins was cleaned using the following solutions: 1st buffer- 

500 mM buffer solution A at pH 7.4 fortified with 0.1 % sodium cholate detergent, second buffer- 10 

mM buffer solution A at pH 7.4 plus 20 mM imidazole, and third buffer- 10 mM solution A at pH 7.4 

plus 40 mM imidazole reagent. The purified protein was eluted from the column using 10 mM buffer 

solution A at pH 7.4 with 500 mM imidazole plus 0.5 M NaCl included in the buffer used to elute the 

protein. The eluted fractions were collected and analysed on SDS-PAGE. These fractions collected were 

then examined using Western Blotting. The fractions were pooled into a dialysis bag and dialysed in a 

litre of 10 mM potassium phosphate at pH 7.4 and 100 mM NaCl.  

2.5 SDS-PAGE Analysis 

A resolving gel of 10% was utilised to analyse the purified enzyme. The gel was run in 1 x SDS-

Page running buffer (3.03 g/L tris base, 14.4 g/L glycine, and 1 g/L SDS pH 8.3) for the first 10 mins at 

80 V to allow the sample to stack properly on the resolving gel and then the voltage was increased to 

100 V for 60 mins. A pre-stained protein ladder ranging from 15 -150 kD was added to the gel and run 

alongside the purified fractions. The resolved SDS gels were processed for both staining with 

Coomassie and western blotting. 

2.6 Ion Exchange Chromatography 

The computed isoelectric point (pI) (https://web.expasy.org/compute_pi) of the intact CYP6Z2 

(5H) was 8.04, at pH 7.4, suggesting that the enzyme would carry a net positive charge under these 

conditions. Both cationic (SP Sepharose) and anionic (Q Sepharose) ion exchange chromatography were 

utilised to improve the purity of the intact 5x His-tagged CYP6Z2. The separating funnel was loaded 

with 500 uL of Q-sepharose and then equilibrated thoroughly with phosphate buffer (pH 7.4) before 

loading the sample. The expressed protein unexpectedly stayed on the Q-sepharose and did not flow 

through. The bound sample was then eluted with phosphate buffer (pH 7.4) supplemented with 500 

nM NaCl. Conversely, the expressed protein did not bind to SP Sepharose and thus ran through the 

column while other impurities stayed on the column; therefore, the protein was collected without 

eluting it with NaCl.  

2.7 Immunoblotting 

A nitrocellulose membrane of 0.2 µm pore size was cut into the same measurement as the resolving 

gel and they were placed together in the cassette of the immunoblotting tank. A Tween-PBS (TPBS) 

buffer was added to the tank and processed for 90 minutes at a current of 200 mA. The nitrocellulose 

paper was removed and blocked using 1% BSA added to the T-PBS buffer at room temperature for a 

period of 1 hr. The antibody: Hisprobe-HRP, added to 1% BSA in the TPBS buffer, was replaced with 

the previous buffer and then incubated for another 1 hr.  T-PBS was then used to rinse the membrane, 

followed by further rinsing with PBS only to clear the detergent. The antibody probe was developed 

using an ECL reagent kit according to the manufacturer’s instructions. The blots on the membrane were 

captured in the darkroom on X-ray film. 

2.8 Bradford Assay 

The expressed and purified enzyme was quantified using a Bradford reagent and measured at 595 

nm [25]. Known concentrations of BSA were utilised to create a protein standard curve. The quantity 

of the expressed protein was then deduced through interpolation on the standard curve. The purified 

protein was diluted 100-fold before quantifying it to be read on the standard curve. 
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2.9 Evaluation of the P450 content of the 5x His-Tagged CYP6Z2 Produced 

The synthesis of the P450 expressed was tracked in JM109 cells by taking 1 ml of the broth culture 

and centrifuging it at 4 °C and a speed of 16,000 RPM. The supernatant was discarded and the pellet 

dissolved in 1 ml of previously prepared P450 spectrum buffer (20% glycerol in PBS). This was vortexed 

to mix and then 500 µL each was added into two dark quartz cuvettes labelled ‘B’ for blank and ‘E’ for 

experiment. The recombinant P450 that folded properly in the cells was tracked using Fe2+-CO vs. Fe2+ 

difference spectra as described [26]. We used the same steps to estimate the expressed P450 content. 

3. Results  

3.1 Molecular Engineering of the Intact and Truncated 5x His-Tagged CYP6Z2 Variants 

The full-length CYP6Z2 amplified from previously described pB13ompACYP6Z2 construct [8], 

sub-cloned without the ompA but with 5x His-tagged to the C-terminus, yielded a distinct amplicon. 

Nde1 cut the 5' and EcoRI cut the 3' end. The digested products have a length of 1.5 kbp for the insert 

and 5 kbp for the pB13 plasmid when analysed on 1% agarose gel. A similar amplicon length was 

obtained after deleting the hydrophobic peptide region of the 5' end of the CYP6Z2. 

3.2 Expression of the 5x His-Tagged Intact CYP6Z2 Protein and the N-Terminal Deleted Variants 

The holoenzyme of the P450 expressed was tracked using a variety of growth settings. The 

truncated isoforms yielded only inactive species with no peak at 450 nm in all of the conditions used. 

The translation of the intact CYP6Z2 at a temperature of 25 °C with shaking at the speed of 150 RPM 

generated 33.18 nmol/l holoprotein after incubation for 24 hrs. The yield improved by 3.9-fold when 

expressed at 48 hrs, however, the P450 expressed unfolded and diminished at 72 hrs. Cells growing at 

30 °C and shaking speed of 200 RPM produced 0.15 nmol/mL P450 after the incubation for 24 hrs but 

this increasingly reduced by 1.2-fold at 48 hrs and to 1.5-fold after 72 hrs. The 3rd growth settings of 30 

°C and shaking speed of 120 RPM produced 0.12 nmol/mL P450 after 24 hrs incubation and gradually 

increased from 2.60-fold when grown for 48 hrs to 5.30-fold after 72 hrs of incubation (Figure 1). 

 

 

Figure 1: The quantity of the P450 expressed at various growth conditions. The P450 produced at 30 OC and shaking at slower 
RPM yielded the maximum protein concentration. 

The intact CYP6Z2 synthesized a P450 holoprotein; nonetheless, the expression also presented a 

peak at 420 nm, demonstrating that a portion of the protein was unfolding. However, the deleted N-

terminal variants yielded no properly folded P450 at 450 nm peak. The signal at 420 nm also indicated 

that the variants had low translation compared to the intact proteins (Figure 2). The intact CYP6Z2 

yielded a P450 protein concentration of 0.6 nmol/mL. 
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Figure 2: The difference spectra (Fe2+-CO vs Fe 2+) of the intact CYP6Z2 with the two truncated variants.  

The plot showed the full-length CYP6Z2 with a peak at 450 nm confirming properly folded P450. 

The short truncated NH2-terminal sequence (Δ3-13) and the full deletion of the hydrophobic signal 

peptide (Δ3-25) did not fold properly. 

3.3 Western Blotting of the Translated Full-Length 5x His-Tagged CYP6Z2  

The comparatively huge hydrophobic nature of these detoxification enzymes, particularly at the 

N-terminal signal peptide, was a serious concern when the experimental design was being considered 

for the expression and purification of CYP6Z2 as an insect P450 prototype in the cytosol of E. coli for 

possible experimental 3D crystal structure trial. The N-terminal of P450s being expressed in bacterial 

cells was revealed to associate with the membrane, making the P450s insoluble in the cytosolic extracts 

[11]. Consequently, several procedures were examined to circumvent these complications to produce 

soluble P450. The quantity expressed was low when iron was added into the growing culture instead 

of ALA, the haem precursor. The procedure adopted by Modi et al., 1996, utilising 20 mM Tris-buffer, 

2 mM non-ionic detergent (CHAPS), and the haem precursor, ALA, to purify CYP2D6 [27], enhanced 

the protein yield, however, the translated protein unsuccessfully stayed on the Ni-NTA purification 

column as anticipated. Β-mercaptoethanol (β-ME) was then added to the sample at this point before 

loading on the Ni-NTA affinity column. This breaks any disulfide bond holding the structure and 

exposes the histidine-tagged to the C-terminal for binding to the resin. The occurrence of contaminants 

after rigorous washing when implementing the Ni- NTA column purification phase (Figure 3B) shows 

the purified protein may have been degraded or the purified protein on the column may have pulled 

other lipoproteins with it, thus keeping them on the column.  

The computational analysis of the isoelectric point of the translated protein of 5x His-tagged 

CYP6Z2 (gene length of 1.5 kbp as shown in figure 3A) indicated it has a net positive charge (pH 7.4). 

Nevertheless, when the experiment was performed by loading the sample on Q-Sepharose, an ionic 

exchanger, the protein stayed on the resin, demonstrating the sample has a net negative charge. We 

expected the protein to run through the column because the ionic exchange resins are positively 

charged and are supposed to attract the negatively charged impurities to remain on the resins in the 

column. This unexpected behaviour of the net charges of the sample as computed and what we 

observed when executing the separation on the column most likely is because of the presence of the 

P450 cofactor, the haem incorporated during the protein expression. Consequently, the sample went 

through SP Sepharose, cat-ionic exchange resins, as shown in figure 3C (SDS-PAGE) and figure 3D 

(nitrocellulose membrane), without staying on the column to produce a protein yield of almost 90% 

purity. 
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Figure 3: The cloning and expressed CYP6Z2 gene. (A)  The image of the sample digested with endonucleases and DNA ladder- 

Hyperladder 1kb (Bioline) DNA markers on 1 % agarose gel. In lane 1 is the DNA ladder, lane 2 is a digested product using 
EcoR1, and lane 3 is the product of the double digestion using EcoR1 and Nde1 depicting the CYP6Z2 separated from the pB13 

vector. The separated DNA sequence is 1.5 kbp and the plasmid sequence is 5 kbp. (B) The SDS-PAGE of the translated enzyme 
developed using Coomassie staining depicting the purification stages: pre-stained protein marker (L) -ladder-, (WC) whole cell 

lysate, (W1) first washing stage using 0.1% sodium cholate, (W2) second washing stage using 20 mM imidazole, (W3) third 
washing stage using 40 mM imidazole, and (EL) the elution stage using 500 mM imidazole. CYP6Z2 is approximately 56 kDa. 

(C) SDS-PAGE stained with Coomassie of the CYP6Z2 purification using affinity chromatography and additional purified using 
SP Sepharose resins: (L) is the protein ladder, (Ni) Ni-NTA affinity column and (SP) SP sepharose column. As seen on the SDS-
PAGE the protein purity improved when further purification was done with the ion exchange chromatography. (D) Replica of 

the SDS PAGE to western blot on nitrocellulose membrane of 0.2 µm pore size. The experimental protocols generated a pure 
protein sample of 1.571 mg/ml. This was quantified using Bradford assay derived from the standard curve. The final P450 protein 

concentration computed from the difference spectra (Fe2+-CO vs Fe 2+) of the intact CYP6Z2 purified is 0.40 nmol P450/mg 

protein. 

4.  Discussion 

This study is the first, to the best of our knowledge, to make available data attempting to produce 

the 3D structure of insect P450 and to establish the important role that the N-terminal signal peptide of 

insect P450s may be exhibiting in the proper folding of this enzyme. The 3D model of the insect CYP6Z2 

illustrated (Figure4) reveals the topology with the extended hydrophobic N-terminal portion 

associating with the predicted 3D structure. Expressed microsomal P450s of eukaryotes are directed to 

the endoplasmic reticulum membrane via the signal peptide [28]. The hydrophobic domain also 

provides support by positioning the catalytic domain toward the cytoplasmic side [29]. The 

hydrophobic signal peptide poses an obstacle to the expression and solubilisation of the enzyme in the 

non-hydrophobic nature of the cytosolic environment of the prokaryote. The P450 enzymes will 

therefore form large protein aggregates after translation without a detergent [11]. While most P450 

enzymes emerge as reduced aggregates when the hydrophobic signal peptide regions are truncated, 

they still emerge as oligomers after being purified. Monomers of such truncations could only be 

accomplished when detergents are used in the purification steps [11]. Although truncation of this trans-

membrane region seems to be important for its solvability, it also seems significant for the 3D topology 
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of the insect P450s as seen in this study. According to Hsu et al.,1993 [30], the N-terminal of CYPC21 

may be supporting the 3D structural prerequisite and stability of the protein [30]. This seems to be 

similar to the truncated CYP6Z2. Because the shorter length, keeping the peptide of the trans-

membrane region that is close to the predicted 3D structure, also did not promote the expression of the 

enzyme. 

 

 
Figure 4: The CYP6Z2 homology models and the N-terminal truncated variants showing the folding pattern when 

expressed in E. coli. The partial and total deletion of the hydrophobic signal peptide produced improperly folded P450, 

suggesting this region interacting with the main domain may be essential for P450 catalytic structure 

 

Nonetheless, the human CYP3A4 used for the experimental 3D study was possible with the 

deletion of the first 21 amino acid residues of the hydrophobic region which was expressed successfully 

in E. coli without additional mutation or modification to produce the crystal structure [24]. This 

structural study disclosed that CYP3A4 possesses an exceptional hydrophobic region, the 7 “phe-

cluster” [23] and because hydrophobicity is one of the significant determinants of the folding of protein 

[31], CYP3A4 may not rely on its N-terminal hydrophobic domain for proper folding. In another 

experiment, numerous positively charged amino acid residues were added after truncating the N-

terminal hydrophobic domain to increase translation and solubility as demonstrated in the expression 

of human CYP2B1 [11]. However, the outcome of this approach in promoting 3D structure was not 

revealed and a comparable alteration applied to CYP2B6 [32] did not increase the translation levels of 

this altered version more than the intact CYP2B6 in the cytosol of the prokaryotic cells [33]. The 

inclusion of these positively charged residues after deleting the signal peptide was proposed to increase 

the solubility of the enzymes by changing the subcellular position of the P450s to the cytosol [11, 34].  

However, this method only reduced the P450 enzyme’sassociation with the E. coli membrane after 

truncation of the signal peptide and not necessarily for the proper 3D folding of the P450 being 

expressed. 

Comparison of the sequences of the residues of the signal peptide of the insect CYP6Z2 with 

human CYP2C2 and CYP2B sub-family (Table 2) revealed a spacer sequence in between the signal 

domain and the rest of the 3D structure [29]. The spacer region is a glycine-rich part of the signal peptide 

among residues 22-28 with a proline-rich region between residues 30 to 37 which comprises a preserved 
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PPGP sequence [29]. Proline and glycine, together, are considered as α-helix breakers seen around 

bends aiding the 3D structural scaffolding of proteins [35]. The PPGP is preserved in CYP2B [11] and 

could be supporting the 3D topology of the modified variants.  
 

Table 2: Assessments of the signal peptides of CYP2B sub-family and CYP6Z2 

5.  Conclusions 

This study successfully cloned and expressed the intact 5x His-tagged CYP6Z2 enzyme in E. coli, 

yielding functional P450 holoprotein under specific growth conditions. However, truncated isoforms 

of CYP6Z2 did not produce functional P450, indicating improper folding and inactivity. Optimal 

expression was achieved at 30°C with 120 RPM shaking, resulting in the highest P450 yield. The 

hydrophobic N-terminal region posed challenges in solubilizing the protein, but strategies such as 

using detergents and modifying the purification protocol improved yield and purity. SDS-PAGE and 

immunoblotting confirmed the protein's identity and purity. Comparisons with human P450s suggest 

the importance of the N-terminal signal peptide for proper folding and stability of CYP6Z2. This study 

highlights the importance of the signal peptide domain in the expression and functionality of insect 

P450 enzymes. 
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