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ABSTRACT 

In a current artificial synthetic pathway in Escherichia coli (E. coli), styrene oxide is the 

starting material and acyloins, which can be used for pharmaceuticals are the end products. If 

the pathway could be extended to start with styrene, it would be economically beneficial to 

use this biochemical synthesis pathway. The aim of this project was thus to find an enzyme 

(monooxygenase, MO) that can catalyze the reaction of styrene into styrene oxide. 

   Bibliographical search after monooxygenases resulted in two enzymes from Mycobacterium 

strains (ETN and PMO), one enzyme from Nocardia corallina B-276 (AMO) and enzymes 

from Pseudomonas and Rhodococcus strains (SMOs). 

   The SMOs from Pseudomonas consist of the two components StyA and StyB, of which 

StyA converts styrene into (S)-styrene oxide with the help of FADH2. StyB reduces the FAD 

back into FADH2 so that the reaction can continue. Since FAD reductases already exist 

naturally in E. coli, only the StyA part was chosen in this project.  

   During expression of StyA, it was observed that putative radicals were formed.  

   When a standard procedure to purify the enzyme was followed, it was observed that the 

enzyme had formed inclusion bodies, leading to unsuccessful purification. Thus, 

measurements on activity could not be performed. 

   The experiences from this project can be used as a guide for further experiments with StyA, 

where attempts to optimize the procedures are suggested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

POPULÄRVETENSKAPLIG SAMMANFATTNING 

I en nuvarande sammansatt syntesväg i Escherichia coli-bakterier (E. coli) är styrenoxid 

utgångsmaterialet och acyloiner är slutprodukterna. Acyloiner är molekyler som kan användas 

för läkemedelstillverkning. Om syntesvägen skulle kunna förlängas till att börja med styren 

skulle det vara ekonomiskt fördelaktigt att använda denna biokemiska syntesväg. Målet med 

detta projekt var därför att hitta ett enzym som kan katalysera reaktionen av styren till 

styrenoxid (se Figur 1 i inledningen). Enzymer som kan utföra sådana reaktioner kallas 

monooxygenaser (förkortade till MO). 

   En bibliografisk sökning efter bakteriella monooxygenaser resulterade i två enzymer från 

Mycobacterium-stammar (ETN och PMO), ett enzym från Nocardia corallina B-276 (AMO) 

och enzymer från Pseudomonas- och Rhodococcus-stammar (SMO). 

   SMO från Pseudomonas-stammarna består av de två komponenterna StyA och StyB, av 

vilka StyA omvandlar styren till (S)-styrenoxid med hjälp av kofaktormolekylen FADH2. 

FADH2 blir då oxiderad till FAD och StyB reducerar FAD tillbaka till FADH2 så att 

reaktionen kan fortsätta. Eftersom FAD-reduktaser (det vill säga enzymer som kan reducera 

FAD) existerar naturligt i E. coli valdes endast StyA-komponenten för detta projekt. 

   Vid uttryck av StyA (det vill säga att StyA-enzymet bildades) observerades blå partiklar i 

odlingsmediet, vilket skulle kunna vara ett tecken på att radikaler (överreaktiva molekyler) 

hade bildats. 

   Genom att följa ett standardförfarande för att rena fram enzymet StyA visade det sig att 

enzymet hade bildat ickefunktionella kluster (så kallade inklusionskroppar), vilket ledde till 

att reningen misslyckades. Därmed kunde mätningar på enzymets aktivitet inte utföras. 

   Erfarenheterna från detta projekt skulle kunna användas som vägledning för ytterligare 

experiment med StyA, där försök att optimera förfarandena föreslås. 
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INTRODUCTION 

The aim of this project was to find at least one enzyme that can catalyze the monooxygenation 

of styrene derivatives in Escherichia coli (E. coli). This will allow for in situ production of the 

corresponding epoxide, styrene oxide, a substrate for epoxide hydrolase (EH) and subsequent 

reactions in a current artificial synthetic pathway in E. coli. The final products in this pathway 

are acyloins, which, for instance, can be further used in synthesis of pharmaceuticals. Figure 1 

depicts the desired extended pathway, which now starts with styrene oxide. If styrene can be 

used as starting material, the synthesis pathway will become economically beneficial. 

 
Figure 1. Desired synthetic pathway in  E. coli, which starts with styrene as substrate and ends with acyloin 

products via conversion into first styrene oxide and later diols. SO: Unknown styrene monooxygenase. EH: 

Epoxide hydrolase. ADH-A: Alcohol dehydrogenase A 

 

The set up criteria for the enzyme were that it should be possible to express in E. coli and that 

it should be as simple as possible, i.e. with small molecular weight and few, simple or no 

cofactors. Among the criteria was also, at first, that the enzyme should not contain a flavin 

cofactor, but this criterion was later drawn back. 

   There were no preferences about whether the enzyme should be able to convert styrene into 

(S)- or (R)-styrene oxide because the epoxide hydrolase used in this pathway (Solanum 

tuberosum epoxide hydrolase 1, StEH1) can use both configurations as substrates and convert 

them into enantiopure (R)-1-phenyl-1,2-ethanediol.
[1] 

 

   This project consisted of both a bibliographical part, where different candidate enzymes 

were explored, and of a laborative part, where one of the candidate enzymes was 

experimentally tested. 

   The gene of the chosen enzyme was expressed under either a tac promoter (also known as 

trc) or a T7 promoter in order to see which promoter fits the system. The tac promoter is a 

hybrid between the –10 region of the lac promoter and the –35 region of the trp (tryptophan) 

promoter. It is stronger than these two promoters and is regulated by a repressor that needs 

lactose in order to derepress (induce) the promoter. Since lactose is not optimal to use due to 

it being hydrolyzable, isopropyl β-D-1-thiogalactopyranoside (IPTG), which is its 

non-hydrolyzable analog, is used for induction instead. Since the synthesis of repressor is not 
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always enough to repress the promoter, there tend to be some promoter leakage, i.e. that genes 

after the tac promoter are transcribed in the absence of inducer. The T7 promoter (originally 

from bacteriophage T7) has been determined to be a very strong promoter in combination 

with the T7 RNA polymerase, which is selective for the T7 promoter and gives efficient 

transcription, leading to synthesis of target protein to correspond to up to 50% of total protein 

content in the cell. Expression under the T7 promoter is regulated by repression of T7 RNA 

polymerase, which leads to much less leakage compared to, for instance, the tac promoter. 

The gene of T7 RNA polymerase is commonly put in the genome of competent cells, such as 

E. coli BL21, and not in the plasmid with the target protein. It is common to regulate its 

expression under the lac promoter with IPTG induction or under the araP promoter with 

arabinose induction of the repressor/activator protein AraC.
[2], [3]

 In this case, arabinose-

inducible BL21 (BL21-AI) cells were used. 

   In both the tac and T7 promoter gene constructs, the gene was bound to a C-terminal 

pentahistidine tag (5×His-tag) in order to make it possible to purify by immobilized metal 

ion-affinity chromatography (IMAC). The principle of IMAC is that the IMAC gel contains 

ligands which bind (immobilize) ions of a certain charge, to which a protein with high content 

of amino acid residues that have affinity for those ions can bind. Since all proteins that do not 

have affinity for the ions flow through the gel without binding, only few proteins remain in 

the gel. An increasing concentration gradient of a competing substance to the amino acid 

residues is then allowed to flow through the gel in order to wash out other proteins with lower 

affinity for the ions than the target protein, before it finally reaches high enough concentration 

to elute the target protein. This procedure is usually a very efficient way to purify proteins. 

Histidine (His) is a suitable amino acid to use for purification since the free electron pair of 

the ring-bound nitrogen (uncharged at pH 7.5) has a good affinity for positively charged ions. 

Thus, it is common practice to put a polyhistidine tag (i.e. several histidines in a row) at either 

the N- or the C-terminal of the target protein in order to increase its affinity for the 

immobilized ions. The competing molecule is imidazole and the similarities with His can be 

seen in Figure 2.
[4]

 A common ion used is the nickel ion (Ni
2+

), which was used in this case. 

 

Figure 2. A depiction of the similarity between the amino acid histidine and imidazole 
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MATERIALS AND METHODS 

1. Bioinformatics part 

Articles were found by searches in Web of Science and Google. 

Genome and protein sequences were obtained by searches in NCBI, KEGG and UniProt. 

Protein structures were obtained by PDB (crystal structures) and Swiss-Model 

Workspace/GMQE
[5]

 (modeled structures). 

Estimation of extinction coefficient at 280 nm was computed by ProtParam (ExPASy)
[6]

. 

Genome Compiler® (Genome Compiler Corporation/Twist Biosciences)
[7]

 was used for 

design and visualization of the construct. 

GeneArt® (ThermoFischer Scientific)
[8]

 was used for E. coli codon optimization of the gene 

sequences and for synthesizing the StyA construct. 

Kalign Multiple Sequence Alignment (EMBL-EBI)
[9], [10], [11], [12]

 was used to compare 

sequencing data. 

 

2. Laborative part 

2.1. DNA cloning, transformation, cultivation and expression 

The ordered StyA-gene was cut out of its delivery-plasmid (pMA-T) by XhoI and SpeI 

restriction enzymes in 1X Buffer G (ThermoFischer Scientific), separated from the plasmid 

by 0.8% agarose gel electrophoresis and purified from the gel with GeneJET Gel Extraction 

Kit (ThermoFischer Scientific). It was then ligated into the plasmids pGtac and pGT7, which 

contain the promoters tac and T7 respectively. 

   DNA cloning of these two plasmids was performed in E. coli XL1-Blue electrocompetent 

cells, while expression was done in XL1-Blue electrocompetent cells for the pGtac plasmid 

and BL21-AI pREP4 GroEL/ES electrocompetent cells for pGT7 plasmid (GroEL/ES are 

chaperones). 

   Transformation into both cell types was performed by electroporation at 12.5 kV/cm in 

1 cm electroporation cuvettes followed by incubation in 2TY medium in growing tubes at 

37°C, 225 rpm (revolutions per minute), for two hours. XL1-Blue cells were then grown at 

37°C on LB agar plates with 100 µg/ml ampicillin, while BL21 cells were grown at 37°C on 

LB agar plates with 100 µg/ml ampicillin and 30 µg/ml kanamycin. Overnight cultures by 

inoculation into growth tubes were made in 2TY medium with the same antibiotic 

concentrations and incubated at 37°C, 225 rpm. Cloned plasmids from two different colonies 
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of each plasmid were transformed into their designated cell type for expression. These lines 

are called StyA-tac-1, StyA-tac-2, StyA-T7-1 and StyA-T7-2 in the rest of the report. 

   Expression was induced with 1 mM IPTG for XL1-Blue cells and with 0.04% arabinose for 

BL21 cells, and both were incubated at 37°C overday (six hours) in 35 ml 2TY medium. 

 

2.2. Purification 

Enzyme purification was performed in the same way from both the XL1-Blue cell cultures 

and the BL21 cell cultures. 

   The cell pellet was collected by centrifugation (Avanti™ J-20 XP centrifuge with JA-14 

rotor, Beckman Coulter™) at 5000×g, 4°C, for 15 minutes and was then frozen in –80°C 

overnight. Thawed pellet was resuspended in ~10 ml lysis buffer (20 mM imidazole, 500 mM 

NaCl, 20 mM NaPi, cOmplete™ EDTA-free Protease Inhibitor Tablet (Roche Applied 

Science), 20 µg/ml DNase I; pH 7.5) and lysed in a cell disruptor (Constant Cell Disruption 

Systems). The disrupted fraction was then centrifuged (Avanti™ J-20 XP centrifuge with 

JA-25.5 rotor, Beckman Coulter™) at 15 000 rpm, 4°C, for one hour, which separated lysate 

(supernatant) and pellet. 

   Ni-IMAC gel (Chelating Sepharose™ Fast Flow, GE Healthcare), ~2 cm in height in a 

PD-10 column (GE Healthcare), equilibrated with binding buffer (20 mM imidazole, 500 mM 

NaCl, 20 mM NaPi; pH 7.5) was added to the lysate and incubated on a rocking table at 4°C 

for one hour. Following this, the Ni-IMAC gel was packed in an empty PD-10 column and the 

lysate was allowed to flow through. The gel was then washed three times with 20 ml washing 

buffer (100 mM imidazole, 500 mM NaCl, 20 mM NaPi; pH 7.5) followed by two times 

flow-through of 5 ml elution buffer (300 mM imidazole, 500 mM NaCl, 20 mM NaPi; pH 

7.5). The two elution fractions were pooled into a protein concentration tube (ThermoFischer 

Scientific) and concentrated down to 2.5 ml by centrifugation (Allegra™ 25R Centrifuge, 

Beckman Coulter™). Following this, the concentrated eluate was allowed to flow into a 

PD-10 column with Sephadex™ G-25 M gel (GE Healthcare) equilibrated with desalting 

buffer (100 mM NaPi; pH 7.5) and was finally eluted with desalting buffer. In order to 

determine the purified protein concentration, the final eluate was measured in a 

spectrophotometer (UV-1800, Shimadzu) at 280 nm and 30°C. 

   The protein purification steps (lysate, pellet (dissolved in binding buffer), flow-through, 

wash 1, wash 2, wash 3, elution 1, elution 2 and final desalted eluate) were analyzed by 

SDS-PAGE in parallel with a protein ladder (Amersham LMW calibration kit for SDS 

electrophoresis, GE Healthcare). The samples and the ladder were mixed with milliQ-H2O 
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and SDS-PAGE sample buffer (recipe from Bio-Rad) containing β-mercaptoethanol, and 

heated for 5 minutes at 95°C before loading on the gel. The gels used were stacking gel 4%, 

pH 6.8, and separation gel 12%, pH 8.8. Electrophoresis was run at 200 V for one hour 

followed by staining with Coomassie Blue staining mixture (1 PhastGel® Blue R coomassie 

tablet (GE Healthcare), 60% v/v MeOH, 40% v/v dH2O) and then destaining by a solution of 

10% v/v acetic acid, 40% v/v MeOH, 50% v/v dH2O. 

   Photos of the SDS-PAGE gels were taken with ChemiDoc™ Imaging System with Image 

Lab™ Touch Software version 2.0.0.27 (Bio-Rad). 

   Protein concentration was determined from A280 nm in a 1 cm cuvette at 30°C. 

 

2.3. Sequencing 

Plasmids were purified from overnight cultures of XL1-Blue cells by GeneJET Plasmid 

Miniprep Kit (ThermoFischer Scientific) and prepared with pUC forward primer (CAC GAA 

ACA GCT ATG ACC) and pUC reverse primer (GTA AAA CGA CGG CCA GTG) 

respectively in the Mix2Seq Kit, which was sent to Eurofins for sequencing. 

 

2.4. Styrene absorption spectrum 

In order to determine the absorption maximum of styrene, it was dissolved to 1 mM (from 

stock in acetonitrile) in desalting buffer and scanned between 200-320 nm in a 

spectrophotometer (UV-1700 PharmaSpec, Shimadzu; UVProbe 2.30 software). This was 

done to see if it is feasible to measure enzyme activity by following the conversion of styrene 

into styrene oxidase with a spectrophotometric method. The absorption maxima of styrene 

and styrene oxide (AMax = 225 nm) need to be distinguishable for this type of analysis. 

 

 

 

 

 

 

 

 

 

 

 



10 
 

RESULTS 

1. Bioinformatics part 

1.1. Without flavin cofactor 

1.1.1. Monooxygenases from Mycobacterium 

There seem to be at least two interesting candidate monooxygenases from Mycobacterium (of 

all found in Mycobacterium) that could be tested. These two could epoxidize small alkenes 

and also vinylchloride among other substances.
[13]

 

   One enzyme is the ethene monooxygenase (ETN), which is encoded by the etnABCD genes 

and their homologues. It is believed to have a similar structure to the propene monooxygenase 

(PMO, see below)
[13]

 and thus also similarity to a certain alkene monoxygenase (AMO) from 

Nocardia corallina B-276 (N. corallina B-276, see section 1.1.2. below). 

   The other one, propene monooxygenase (PMO), seems even more promising. PMO is 

encoded by the pmoABCD genes and their homologues, and epoxidizes propene in nature. 

Despite its small natural substrate, one study showed that it could also use styrene as a 

substrate and the stereoselectivity of PMO isoforms on styrene substrate was tested, which 

resulted in an overview on which mutant isoform to use based on ones preferences. PMO is, 

just as ETN, believed to be similar to the structure of AMO from N. corallina B-276. The four 

genes of PMO are clustered together with overlapping start codons and ribosome binding sites 

(RBSs) in the wildtype construct, but a study has lead to determination of the individual gene 

sequences, which makes it possible to create one's own constructs.
[14]

 

   All gene products were modeled in Swiss-Model
[5]

 for an overview of the structure and the 

modeled structure of the α subunit (PMOC, 501 amino acid residues) can be seen in Figure 3. 

 

Figure 3. Modeled structure of PMOC 
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1.1.2. Monooxygenase from Nocardia corallina B-276  

Nocardia corallina B-276 is also called Rhodococcus corallinus B-276 or Gordonia in other 

articles (different names can be seen on the taxonomy page of UniProt).  

   An alkene monooxygenase, abbreviated AMO, from this organism is said to be well-

characterized and is encoded by the amoABCD genes.
[14], [15]

 AMO is a four-component 

enzyme, which consists of (1) a nicotinamide adenine dinucleotide (NAD
+
/NADH) 

oxidoreductase with a noncovalently bound flavin adenine dinucleotide (FAD/FADH2) 

molecule and a cluster of [2Fe-2S]; (2+3) a tetrameric oxygenase (α2β2), which contains the 

binuclear iron active site; and (4) an activity-essential small coupling protein.
[14]

 In a study
[14]

, 

AMOC and PMOC were modeled on soluble methane monooxygenase (sMMO) from 

Methylococcus capsulatus since they have conserved sequences. This lead to the 

determination that the α subunit, encoded by the amoC and the pmoC genes, is the one that 

holds the iron ions. The β subunit is encoded by the amoA (and the pmoA) gene, while the 

other two genes encode a ferredoxin reductase (amoD/pmoD), which reduces NAD(P)
+
 (i.e. 

an NAD
+
 with or without a phosphate group), and a coupling protein (amoB/pmoB).

[14]
 

 

1.1.3. Issues and how to address them 

Even though E. coli is supposed to be a good model organism to work with, it has proven 

difficult to express these MOs in it – especially since they come from Gram-positive bacteria, 

while E. coli is Gram-negative. One problem may be that a certain chaperone is needed. 

Studies on expression of the MO based on the "mimABCD" genes found that the GroEL-like 

chaperone encoded by mimG was essential for the stability of the α and β subunits.
[16], [17]

 

GroEL requires GroES to function properly, but since there already was a GroES in the 

E. coli strain used, it was not necessary to add such a gene to the plasmid construct.
[17]

 One of 

these studies
[9]

 also found that mimD (the coupling protein gene) needed to be optimized for 

E. coli translation. Optimization of the reductase gene (mimB), however, lead to inactivation 

of the reductase  gene transcription because of high expression and thus it was not 

recommended to express it in large amounts. 

 

1.1.4. PMO construct 

In case PMO would be ordered, a construct was designed in Genome Compiler according to 

the following scheme (Figure 4). 

 

Figure 4. Construct of the PMO genes, interspersed with ribosome binding sites (RBS) and restriction sites 
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The RBS sequence used was AAAGAGGAGAAA (BBa_B0034, iGEM biobrick). SalI and 

AvrII were made to overlap without inflicting the reading frame. The gene sequences were 

obtained from the accession numbers AAS19484.1 (pmoC), AAS19483.1 (pmoB), 

AAS19485.1 (pmoD) and AAS19482.1 (pmoA) and codon optimized for E. coli. This 

construct was not ordered because it has a very long sequence (4 kbp) and a thus costs a lot. 

 

1.2. With flavin cofactor: Styrene monooxygenases 

Pseudomonas strains encode styrene monooxygenases (SMOs), which consist of two separate 

components – styrene monooxygenase A (StyA) and styrene monooxygenase B (StyB).  

   StyA is a FAD-dependent monooxygenase. It forms a homodimer (Figure 5) and both 

FADH2 and the styrene are believed to bind to the surface of the enzyme in a way that allows 

FADH2 and its oxidized form, FAD, to freely diffuse to and from its binding site. 

   There are also SMOs encoded by Rhodococcus strains (RhSMO), but the difference from 

the Pseudomonas SMOs is that one of the StyA units is bound to StyB, thus forming StyA2B, 

where FADH2/FAD is not as free to diffuse.
[18], [19], [20], [21]

 

 

Figure 5. Depiction of the StyA homodimer. Accesion nr. 3IHM in PDB 

 

SMOs convert styrene to (S)-styrene oxide with high enantioselectivity using NADH+H
+
 as 

cosubstrate. StyB has the NADHs attached and the NADHs reduce the FADs of StyA so that 

StyA can continue to catalyze the reaction from styrene to styrene oxide.
[20], [22], [23]

  

See StyA-StyB interaction in Figure 6. 
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Figure 6. SMO scheme of a StyA monomer and its interaction with StyB, which can form a closed 

NAD
+
/NADH redox system with ADH-A 

 

StyA consists of 415 amino acid residues per monomer, which is less than the 501 residues of 

only the α subunit, PMOC, of PMO. This corresponds to a mass of 46 346 Da (UniProt 

Cluster ID: UniRef100_O50214). Computing the StyA-sequence (accession: O50214) in 

ProtParam (ExPASy)
[6]

 lead to an estimated extinction coefficient at 280 nm (ε280) of  

51590 M
–1

 cm
–1

. 

   StyA works best in pH 6-8 with the optimum at pH 7.6 since 80% of maximum activity was 

found between pH 7.4 and pH 7.8.
[24]

 

   E. coli produces its own FAD and the production increases when glucose is added to the 

growth medium, so no flavins need to be added.
[25]

 This can for example be seen in a study 

where they expressed RhSMO in E. coli without flavins in the medium.
[23]

 

   A construct was designed in Genome Compiler for ordering Pseudomonas StyA in order to 

see if it will do the desired reactions. The construct scheme can be seen in Figure 7. 

 

Figure 7. Construct of the styA gene with XhoI and SpeI restriction sites. 

 

   StyB was not ordered since E. coli has a natural FAD reductase, called Fre.
[26]

 If Fre is not 

sufficient, not having StyB as a reductase might cause a problem, so the next step would be to 

order StyB. There are also other reductase alternatives, such as [Cp*Rh(bpy)(H2O)]
2+

, which 

was found to work well by combining the reactions of formate dehydrogenase (FDH) with 

FAD reduction of StyB and could be interesting to try as well.
[20], [24]

 This compound may be 

very expensive to use, though, so it was not tested. StyB could therefore be more beneficial to 

use since it is cheaper and it can be used to form a closed system with ADH-A, where StyB 

oxidizes NADH into NAD
+
 and ADH-A reduces NAD

+
 back into NADH (see Figure 6). 
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2. Laborative part 

2.1. Transformation and cultures 

The resulting constructs with the styA gene after it was ligated into the plasmids pGtac and 

pGT7 can be seen in Figure 8. 

 

Figure 8. Gene constructs of styA with either a tac or a T7 promoter. 

 

After transformation in both XL1-Blue cells and BL21 cells (both before and after induction), 

it could be observed that the normally amber-colored medium had acquired a greenish color 

(Figure 9). It indicated that something with a blue color was produced by the bacteria. This 

was later confirmed when the unknown compound aggregated into blue droplets that floated 

around (mostly at the surface) in the medium (Figure 10) when the cultures were cooled down 

in room temperature and 4°C. It also indicated that there was a leakage from the promoters. 

   At times, the cultures were also odorless, which is unusual for E. coli bacteria. 

 

Figure 9. Transformation with StyA led to blue biproducts, coloring the growth medium greenish 
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Figure 10. Aggregation of the blue compound into blue droplets when the culture was kept in a 4°C cold room 

 

2.2. Purification 

Purification of StyA from the four transformation lines does not appear to have been 

successful. The final eluate showed very weak bands in the 46 kDa region in the SDS-PAGEs, 

while much stronger bands could be observed in the insoluble fractions (for example in the 

pellet). This indicates that the enzyme might have formed inclusion bodies.  

   The bands were slightly more visible for expression with T7 promoter compared to 

expression with tac promoter.  

   Figures 11, 12, 13 and 14 show the SDS-PAGE for each line. The abbreviations are 

explained in Table 1. 

 
Table 1. Table over the abbreviations for each of the sample annotations in SDS-PAGE 

Sample Lysate Pellet Flow-through Wash1 Wash2 Wash3 Elution1 Elution2 Final Ladder 

Abbrev. Lys P FT W1 W2 W3 E1 E2 F Ld 
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Figure 11. SDS-PAGE for samples from purification of StyA-T7-1 

 

 

 

Figure 12. SDS-PAGE for samples from purification of StyA-T7-2 
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Figure 13. SDS-PAGE for samples from purification of StyA-tac-1 

 

 

 

Figure 14. SDS-PAGE for samples from purification of StyA-tac-2 
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The measured absorption and the calculated purified protein concentration for each of the four 

lines (StyA-T7-1, StyA-T7-2, StyA-tac-1 and StyA-tac-2) can be seen in Table 2. 

 
Table 2. Measured absorbance and the corresponding calculated concentration for the four lines: StyA-T7-1, 

StyA-T7-2, StyA-tac-1 and StyA-tac-2 

Line A280 nm Concentration (µM) 

StyA-T7-1 0.027 0.52 

StyA-T7-2 0.044 0.85 

StyA-tac-1 0.009 0.17 

StyA-tac-2 0.007 0.14 

 

2.3. Sequencing 

There were no mutations in the sequences with T7 promoter (12 sequences) and tac promoter 

(6 sequences) respectively. 

 

2.4. Styrene absorption spectrum 

According to the spectrum, the absorption maximum (AMax) appears to be around 246.8 nm – 

or rounded off to 247 nm (Figures 15 and 16). 

 

Figure 15. Styrene absorption spectrum in the range of 200-300 nm 
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Figure 16. Zoomed in picture of the styrene absorbance peak 
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DISCUSSION 

It is unclear what the blue compounds produced by the cultures were, but a thought is that 

they might be caused by radical reactions induced by StyA. Since the characteristic odor of 

E. coli could not be sensed at points in the procedure, it is not unlikely that radical-induced 

polymerization of indols, which cause the odor
[27]

, had occurred. Liquid chromatography-

mass spectrometry (LC-MS or HPLC-MS) analysis of the blue compound with the blue color 

as characteristic (i.e. analysis in yellow light wavelength spectrum) is a suggested method to 

analyze the compound in order to determine its molecular composition and structure. 

   Because not all cells appear to have formed the blue compound (cell colonies were white so 

the compound was excreted), a speculation can be that the radicals were formed in cells with 

active enzyme while inactive enzyme (inclusion bodies) did not cause radical reactions in 

other cells. It could be interesting to see if co-expression with StyB would stabilize StyA so 

that radicals are not formed and that could be one of the next steps in the monooxygenase 

project. Also, as previously mentioned, addition of glucose to the growth medium would 

increase the endogenous E. coli synthesis of FAD, but since glucose was not added to the 

medium in this experiment, the FAD amount may have been too little and thus lead to 

formation of inclusion bodies and/or radicals. Addition of glucose and riboflavin should be 

added in future studies in order to see if it leads to more stable products. 

   Since the reductase MimB (similar to PMOD and thus used for its modeling) also has 

FADH2 as a cofactor and is inactivated when it is expressed in large amounts, it is not 

unlikely that it happens due to radical reactions such as those observed in this experiment. If 

this is the main cause to the formation of inclusion bodies of StyA, it will be difficult to 

address this issue if one wants a high expression of the enzyme. 

   Inclusion bodies may also be formed due to too high temperature (37°C), so a lower 

temperature (20-30°C) should be tested for induction and maybe also for pre-induced growth.  

   Formation of inclusion bodies is consistent with the results obtained from a study from 2009 

on StyA2B from Rhodococcus opacus 1CP, where they used a similar purification method as 

in this study.
[21]

 Purification of StyA was successful in a study from 2004
[7]

, so their 

procedure might be interesting to try in further studies of StyA. Another alternative could also 

be to do protein refolding on the IMAC.
[28]

 

   A first thought when observing the blue compound would be that both the T7 and the tac 

promoters were leaking, but since tac is expected to leak more and there did not appear to be 

any big difference in green growth medium color between the two constructs (only slightly 
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more in tac constructs), this may not be the case (unless the higher temperature made an 

impact on both constructs). Instead, just like in the case with "hidden" RBSs in the PMO 

wildtype cluster, which reduced the DNA length needed to encode the genes, there may lie a 

hidden promoter and RBS in the beginning of the styA gene, causing transcription of it. The 

gene sequence has not been examined to that detail and it might be interesting to do so in 

further studies. 

   It is expected that there will be more protein synthesized from the constructs with T7 

promoter since it is stronger than tac and, from the SDS-PAGE, it could be observed that 

there was more protein in the final eluates from the T7 constructs. However, the expression 

levels from the two promoter constructs should be compared by expressing the styA gene with 

tac promoter in XL1-Blue cells with GroEL/ES chaperones as well, so that it can be 

determined whether the chaperones affect the folding and amount of StyA and which 

promoter is strongest in the presence of chaperones. 

   Since the enzyme was not successfully purified into the final eluate, the absorption-based 

calculations of the concentrations for each line cannot be reliable. 

   A higher content of a 66 kDa protein could be observed in the final eluate. This could be the 

chaperone GroEL in the case of the BL21 cells (T7 promoter constructs), but since it also 

appears in the eluate from XL1-Blue cells (tac promoter constructs), it might not be GroEL. 

   The AMax of styrene, at 247 nm, shows that it could be possible to study the enzymatic 

activity of StyA in a spectrophotometer since the styrene peak is distinguishable from the 

AMax of styrene oxide, which is at 225 nm. This would be a very simple and quick method if it 

is found to work in further studies. 
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