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1 Introduction 

1.1 Abstract 

 

The goal of this project is to express both the normal CYP26 B1 and the spliced 

CYP26 B1 from human in Escherichia coli (E.coli) cells for further crystallization. 

This will be achieved by cloning in the DNA fragments into the Champion pET 

SUMO vector that is later transformed into E.coli cells. The CYP26 B1 contains a 

hydrophobic helix at the N-terminal of the protein, making both protein expression 

and crystallization difficult. Two variants of both full-length CYP26 B1 and the 

spliced variant will therefore be made, one with the trans-membrane helix present and 

one without the helix. The SUMO-vector will produce a fusion protein that will make 

CYP26 B1 more hydrophilic and improve the purification of the two proteins. 
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1.2 Introduction of Cytochrome P450 (CYP) 26 B1 proteins 

 

Today little is known about the Cytochrome P450 (CYP) 26 B1 enzymes. There is 

still a lot of knowledge to add, both about the function of full-length CYP26 B1 and 

were it is located within the cell and the body. Of the previously found new spliced 

variant of CYP26 B1 there almost nothing known.  

 

Nonetheless, it is acknowledged that CYP26 metabolizes atRA and thus regulates 

intracellular levels of retinoids.  CYP26 enzyme has been reported as a Cytochrome 

(P450) protein (heme-containing protein) [1]. The heme group is a known cofactor in 

several enzymatic reactions, for example is it known to be important for the binding 

of oxygen to the enzyme and thus allowing oxidation processes occurring within the 

cell. CYP26 decompose atRA into less active metabolites and acts mainly to protect 

tissues against damaging exposure to atRA [2]. This catabolizing activity has been 

confirmed to be amplified by exogenous RA. The enzymatic oxidation of atRA by 

CYP26 leads to the production of 4-hydroxy RA, 18-OH-retinoic acid and 4-oxo-

retinoic acid, as well as unidentified metabolites [3].  

 

Retinoids is a group of chemical compounds that regulate gene expression, cell 

proliferation and differentiation by retinoid signaling through retinoic acid receptors. 

Retinoids consequently regulate many processes
 
activated by vascular injury, 

including variation
 
of SMC phenotype and inhibition of SMC proliferation. A key 

enzyme in regulation of retinoids
 
is all-trans retinoic acid-degrading enzyme 

cytochrome p450
 
isoform 26 (CYP26) [4]. Retinoic acid (RA) is the oxidized form of 

vitamin A and also vitamin A’s most active metabolite. The cellular level of all-trans-

retinoic acid (atRA) is rigorously regulated [4] 

 

Researchers speculate in CYP26 B1 role in vascular proliferation disorders. Vascular 

proliferation disorders are defined as change in the normal structure or function of the 

differentiated smooth muscle cells (SMC). These harmful transformed cells can be 

distinguished from healthy smooth muscle cells by morphology and differential 

protein expression [4].  Intimal SMCs which are located in tunica intima, the 

innermost layer of an artery or vein, and have the capacity to reproduce and migrate. 
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These cells are epitheloid-shaped in vitro and here they grow as a monolayer. 

Eptheloid SMC phenotypes are morphologically distinguishable from SMCs of the 

tunica media, the middle of an artery or vein, which has shown to be spindle-shaped 

[5].  

 

To date, a number of genes have been identified as
 
markers of intimal SMCs 

including the genes encoding tropomyosin 4 [6], cytokeratins [7],
 
and cellular retinol 

binding protein-1 (CRBP-1) [8].
 
CRBP-1 is known to be involved in retinoid 

metabolism [9], suggesting an altered
 
retinoid metabolism in the intima when intimal 

SMCs are present. It has previously been demonstrated
 
that intimal SMCs have higher 

capacity to metabolize retinol
 
into the active metabolite, all-trans retinoic acid (atRA),

 

than medial SMCs [10].  

 

SMCs are known to play a significant
 
role in several frequently occurring 

cardiovascular syndromes [11], such as atherosclerosis [12],
 
restenosis [13], and 

hypertension [14] is that endothelial dysfunction due to SMC adjustments leads to 

imbalance in the regulation of vascular homeostasis [15]. Alterations of SMC levels 

affect the cellular retinol-binding protein-1 (CRBP-1) levels a protein that is known to 

be involved in retinoid metabolism [9].  

 

 

It have been established that
 
retinoids prevent atherogenesis [16],

 
inhibit intimal 

hyperplasia [17], and they also
 
take part in vascular remodeling in patients with 

hypertension [18]. Retinoids has shown to inhibit intimal hyperplasia after vascular
 

injury
 
[17] by reducing SMC production [19]. Furthermore retinoids are also known 

to
 
influence differentiation of a variety of different cell types, and

 
studies indicate that 

retinoids can adjust the phenotype of vascular
 
SMCs

 
[20]. Atherosclerosis is a chronic 

inflammatory in the wall of the arteries. This syndrome is caused by formation of 

multiple plaques [21]. Atherosclerosis can lead to several serious symptoms, 

including heart attack, stroke or even death. Restenosis is the narrowing of a blood 

vessel which will lead to a restricted blood flow. Intimal smooth muscle cells are also 

responsible for the development of intimal hyperplasia; thickening of the tunica 

intima of a blood vessel after vascular angioplasty. Intimal hyperplasia is the 

universal response of a vessel to injury [4]. Hypertension is more commonly known 
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as chronically high blood pressure. This disease is a risk factor for stoke, heart attack, 

heart failure and arterial aneurysm. Hypertension is also the main cause of chronic 

renal failure [22]. Numerous of patient is diagnosed with all three of these diseases 

every day, and they are all serious syndromes that have an escalating number of 

patients in welfare societies. 

 

This study investigates the expression and structure of Cytochrome P450 (CYP) 26 

B1 protein that is believed to be the main regulator of atRA catabolism [23]. Several 

cytochrome p450 (CYPs) isoforms exist, and all is involved in retinoid acid (RA) 

metabolism. In humans three known isoforms has been characterized: CYP26 A1, 

CYP26 B1 and CYP26 C1 [24]. One indication of CYP26 importence during 

development is that cytochrome P450 CYP26 is to date the only enzyme to 

metabolize retinoic acid in the embryo [25]. Recent unpublished investigations of 

CYP26 B1 have revealed a new spliced variant with exon 2 of the full-length enzyme 

absent and possibly lacking the characteristic heme-group (Kumawat et. al. 

unpublished).  This report will describe the molecular cloning and induced expression 

of the newly discovered spliced variant of CYP26 B1, as well as the full length 

CYP26 B1, both will be used for further crystallisation and determination of structure.  

 

CYP26 B1 has shown to be insoluble in water witch makes purification of the 

proteins complex. Polar organic solvents as dimethylsulfoxide (DMSO) can bee used 

to enhance the solubility of hydrophobic proteins and have been used in previous 

purification experiments, of P450 BM3, one other CYP protein. However, there have 

unfortunately been reports of DMSO disturbing the heme coordination within the 

protein [26] witch makes it inappropriate to use in this project, were one important 

aspect is to find out if the spliced CYP26 B1 is a heme containing protein or not. We 

have instead decided to make protein variants that is lacking the N-terminal 

hydrophobic helix structure and also make the protein more soluble by using the 

SUMO vector that will attach a N-terminal SUMO fusion protein and so increasing 

the solubility of the recombinant fusion protein. Further solubility is achieved by 

growing the E.coli cells in 1% glucose. This will not only prevent death of the cells by 

toxification from expression of potentially harmful proteins but also increase the 

solubility. However for later structural determination DMSO might become important 



 8 

as there is indications of that DMSO lower the flexibility of the protein [26]. A less 

flexible protein may result in a better structure resolution.  
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2. Materials and Method 

2.1 Cloning and Sequencing of CYP26 B1 Spliced and Full-

length Variants 

2.1.1 PCR for DNA amplification 

DreamTaq
TM

DNA (Sigma-Aldrich, USA) polymerase was used for DNA 

amplification with PCR for the full-length CYP26 B1 and spliced CYP26 B1 variant 

as well as the both forms without the hydrophobic helix. The reaction consisted of: 

~50 ng template, Dream Taq 10 X Buffer (0.1 M), Forward primer (0.05 M), Reverse 

primer (0.05 M), dNTP (0.1 M), DNA polymerase (0.05 u), in MiliQ-water to a final 

volume of 25 µl. CYP26 B1 specific primers (Sigma-Aldrich, USA); forward 5’-

ATGTCCTTTGAGGGCTTGGAT -3’ and reverse primer 5’-

TTAGACTGGGGCGCTCAGCATG -3’. CYP26 B1-helix specific primers forward 

5’-ATGTCGCAGCAGCTGTGGCAGC-3’. The PCR conditions were as follows; 95 

C for 3 min, followed by 35 cycles at 95 C for 45 s, 55 C for 45 s, and 72 C in 3 

min followed by 72 C in 10 min. A negative control with water instead of sample 

was made by the same procedure.  

 

2.1.2 Agaros Gel Electrophoresis  

Agaros gel electrophoresis was used to confirm the identity of the PCR-products. 0.2 

g agaros were melted in a microwave oven and mixed with 25 ml TAE-buffer. 5 µl 

DNA-EtBr (10 µg/ ml) was added to the mixture and the solution were set to 

polymerize. 3 µl of loading buffer x 10 (TaKaRa Bio Inc., Japan) and 5 µl of PCR 

sample were added to each well. Gene Ruler 1 kb DNA ladder (Fermentas, Canada) 

filled one well. The gel was run for 30 min at 85 V.  

 

2.1.3 Gel Purification 

PCR products were cut out of the gel and purified with the QIAquick Gel Extraction 

Kit (Qiagen, Germany) as recommended by producer.  
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2.1.4 Cloning in Pet Sumo Vector 

The PCR fragments, full-length CYP26 B1, spliced CYP26 B1 and spliced CYP26 

B1 minus helix was ligated into the pET SUMO vector (Invitrogen, USA). 1 µl 10x 

Ligation Buffer, 2 µl pET SUMO vector, 1 µl PCR product, 5 µl MiliQ-water and 5 u 

T4 DNA ligase were mixed according to the manufactures instruction. Incubation was 

over night in 15C. Ligation of the PCR fragment, full-length CYP26 B1 minus helix 

into the pET SUMO vector (Invitrogen, USA) was done as described above but with 2 

µl T4 DNA ligase.  

The vector consisted of; kanamycin resistant gene which allowed specific growth of 

only the bacteria transformed with vector. Poly-histidine tag enabled purification with 

Ni-NTA and anti histidine antibody recognition on Western blot. T7lac promoter 

transcribed only by the T7 RNA polymerase, which is a very specific and high rated 

enzyme, carries out mRNA assembly. The pET vector must be transformed in a strain 

carrying a T7 RNA polymerase gene that is controlled by a lac promoter with is 

induced by IPTG. The pET SUMO vector should increase the protein yield and the 

SUMO gene that was fused to the gene coding for CYP26 should increase the 

solubility of the fusion protein.  

 

2.1.5 Transformation in One Shot®MachlTM-T1R Component Cells or 

DH5α cells 

The original full-length CYP26 B1 and spliced CYP26 B1 constructs were 

transformed into One Shot Chemically Component Match 1 E.coli (Invitogen, USA) 

and variants lacking the helixes was transformed into DH5α E.coli (Örebro 

University, Sweden). 2 µl of ligation reaction were mixed into One Shot Chemically 

Component E.coli Mach (Invitrogen, USA) and incubated on ice for 15 min. The cells 

were transformed by heat chock of the cells at 42 C for 30 s and afterwards 

immediately moved to ice. S.O.C medium (250 µl) (Invitrogen, USA) stored at room 

temperature was added to the mixture, and the cells in tubes were incubated 

horizontally in 37 C for 60 min. 50 µl from each transformation were spread on LB-

Agar-Plates (2.5 g trypton, 1.25 g yeast, 1.25 g NaCl, 4.25 g agar and MiliQ-water to 

a volume of  500 ml ) with kanamycin (50 µg/ml) and incubated in 37 C. Ten 

colonies from full-length CYP26 B1 plates and ten colonies from spliced CYP26 B1 
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plates grow in 5 ml LB medium (trypton, yeast, NaCl and MiliQ-water) with 

Kanamycin (50 µg/ml) in 37 C over night. Transformation into DH5α cells was 

made by the same procedure except that 10 µl ligation reactions were used to 50 µl of 

cells. 

2.1.6 PCR of colonies that successfully grow on kanamycin plates 

Same procedure for all variants of CYP26 B1. The different overnight cultures were 

vortexed. 20 µl of each culture were transferred to eppendorph tubes and centrifuged 

for 5 min at 13000 rpm and the supernatant were removed and replaced with MiliQ-

water. For lysation, the cells were boiled in the microwave oven for 5 min. 

Centrifugation during 1 min at 13000 rpm pelleted the bacterial waste. 5 µl templates 

from supernatant of each of the twenty samples were used as a template and were 

transferred to a PCR-tube. A negative control was made with 5 µl of water. 

DreamTaq
TM

GreenDNA kit was used for the PCR. One gene specific primer and one 

vector primer was identified the sequences that were facing the right direction. 1 µl 

template, 5 µl 10 x Dream Taq buffer,  0.2 mM of dNTP, 0.1 µM forward CYP26 B1 

primer, 0.1 µM reverse pET T7, 25 mM MgCl2, 1.25 u Taq polymerase and MiliQ-

water to the total volume 20 µl for each PCR reaction.  The PCR program was: 95 in 

2 min, then (95 in 1 min, 55 in 1 min, 72 in 2 min) for 35 cycles and last 72C in 

10min.  

 

2.1.7 Plasmid DNA Purification  

Positive colonies were purified using the QIA prep Spin Miniprep Kit (Qiagen, 

Germany) according to the manufactures instruction. An electrophoresis gel was run 

as control of purity.  

 

2.1.8 Sequencing 

The pure plasmids were sequenced. 4 µl Big Dye Terminator v3.1 (AB Applied 

Biosystems, USA), 2 µl Template, Primer (10µM) 3.2 µl (Sigma-Aldrich, USA) 

specific for the vector (SUMO forward 5’- AGATTCTTGTACGACGGTATTAGA-

3’ and T7 Reverse 5’- CCACCGCTGAGCAATAACTA-3’), 0.8 µl MiliQ-Water. 

Eight 10 µl reactions were made. Two reactions for each construct, one with forward 
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primer and one with a reverse primer. The PCR program were: 95 C in 1 min, then 

(95 C in 15 s, 50 C in 15 s, 60 C in 4 min) for 25 cycles. The PCR products were 

precipitated in 1 µl NaAc 3M, and 25 µl 99.5% EtOH at temperature over night.  

2.1.9 Transformation for higher protein yield in BL21 (DE3) One 

Shot Cells 

BL21 (DE3) One Shot Cells (Invitrogen, USA) were thawed on ice. 1 µl ligation 

reaction was transferred into the tube with BL21-cells and gently mixed and the 

mixtures were incubated on ice for 30 min. The cells were heat chocked in 42 C and 

afterwards immediately transmitted to ice. 250 µl room temperature S. O. C medium 

(Invitrogen, USA) was added and the mixture was incubated while shaking in 37 C 

at 1 h. 50 µl of each mixture were then transmitted to platters. The rest of the 

transformation reactions were added to 10 ml of LB-medium with kanamycin (50 

µg/ml) and 1 % glucose.  

 

2.2 Protein expression and purification 

2.2.1 Pilot Expression 

50 µl of over night culture in 10 ml of LB with 1 % glucose and kanamycin (50 

µg/ml) was inoculated while shaking for about 2 h when OD600 reached 

approximately 0.500-0.800.  The cultures were divided in to two, one was induced 

with dioxan free IPTG was added (Saveen Werner AB, Sweden) to a final 

concentration of 1 mM and the other remains uninduced. A 500 µl sample were 

collected from each tube and centrifuged at full speed in 30 s, the supernatant was 

removed and the pellet freezed as a zero point sample in minus 20 C. Every hour in 

five hours a new sample of pellet was taken and freezed by the same procedure.  
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2.2.2 Analyse the Samples with Polyacrylamide Gel Containing 

SDS and Western Blotting 

Samples from the pilot expression was thawed and every pellet was dissolved in 80 µl 

1xSDS-PAGE sample buffer (500 µl 2x loading buffer, 10% DDT, 450 µl MiliQ-

water). As a possitive control protein, PDX with a His-tag was used. The samples 

were lysated by boiling for 5 min. Separation of the cell lysates were made on a 12 % 

polyacryl amide gel containing SDS (sodium dodecyl sulfate) and seperated by 

electrophoresis (140 V for 2 h) and used for either stanining with page blue protein 

staining solution (Fermentas, Canada) over night or used for western blotting. The 

stained gel was washed in MilliQ-water for ten minutes before staining it with page 

blue protein staining solution (Fermentas, Canada). Unspecific staining was removed 

with MilliQ-water for a couple of hours.  

 

When analyzing with western, the proteins was electrophoresed (140 V for 2 h) and 

afterward electroblotted onto a nitrocellulose membrane (Amersham Bioscience, 

England) at 40 V for 90 min. The membrane was washed with TBS (Tris Buffered 

Saline) pH 7.5. Unspecific binding to the membrane were blocked with 5 % non-fat 

dry milk in TBS-T (Tris-buffer saline with tween 20 (Duchefa Biochemie, 

Netherlands) for one hour in room temperature. Binding with a primary monoclonal 

anti-polyhistidine antibody produced in mouse of a total dilution of (1:30 000) 

(Sigma-Aldrich, USA) recognizing the hexa Histidine-tag was done for one hour in 

room temperature or over night in 4 °C. After washing steps with two times 10 min of 

TBS-T the primary antibodies were detected with secondary antibodies anti-mouse 

IgG (whole molecule) alkaline phosphatase antibody produced in rabbit (1: 30 000) 

(Sigma-Aldrich, USA) for one hour in room temperature or over night in 4 °C. After 

this incubation with secondary antibody five washing steps, times 10 min, with TBS-

T was performed before development in 4 ml MiliQ-water and 0.5 ml NTB-solution 

(Zymed laboratories, USA) and 0.5 ml BCIP Buffer Solution (Zymed laboratories, 

USA). The development was stopped by rinsing the membrane with MiliQ-water. 

Spliced CYP26 B1 clone 16 and 20 were also immunoblotted with a primary mouse 
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monoclonal antiCYP26 B1 antibody produced in mouse (1:60 000) (generous gift 

from Allan Sirsjö). 

 

2.2.3 Purification with the Maxwell Instrument 

A full-length CYP26 B1 culture of 20 ml was grown to an OD600 of around 0.900. 

IPTG vas added to a concentration of  1mM and the cells was incubated while 

shaking in 37 C in 3 h. The culture was then centrifuged in 4 C for 5 min at 13000 

rpm and the supernatant were removed. The pellet was dissolved in 1 ml HEPES 

buffer and mixed by pippeting. The mixture was added to the well for lysation and the 

purification was performed by the Maxwell Instrument machine. The Maxwell strip 

from the Maxwell 16 Polyhistidine Protein Purification Kit (Promega, USA) consists 

of several wells the first one contains a lysis buffer, the second magnetising Nickel 

particles, well 3 to 6 contains washing buffers and the last one is empty and should 

contain the purified protein.  

2.2.4 Examination of CYP26 B1 protein solubility 

25 ml of LB medium with kanamycin (50 µg/ml) and 175 µl over night culture were 

set to grow till it reaches OD600 of around 0.500. Ala was added to a concentration of 

0.5 mM and IPTG of 1 mM and the culture was incubated in 37 C in little over 4 h. 

Afterwards they were centrifuged in 37 C in 10 min and the pellet was frozen in -20 

C. The frozen pellet was thawed and dissolved in 100 µl Lysis Buffer (50 mM Tris 

pH 8, 1 mM EDTA, 100 mM NaCl). The samples were then refrozen in liquid 

nitrogen and than thawed in 42 C, this procedure was repeated 3 times. Afterwards 

they were centrifuged at maximum speed for 1 min in 4 C and the supernatant was 

transferred to a new eppendorph tube, mixed with 90 µl 2x SDS-PAGE buffer and 10 

µl DTT and stored on ice. To the pellet 100 µl of 1x SDS-PAGE buffer was added. 

Both pellet and supernatant were lysated by boiling in the microwave oven for 5 min. 

The lysated samples were analysed by gel electrophoresis separation on a 12 % SDS 

gel and a western blot.  

2.2.5 Cell Lysis and Protein Gathering 

BL21 (DE3) E.coli cells transformed with the SUMO-vector containing the CYP26 

B1 segments was cultivated over night in 50 ml of LB containing kanamycin 50 
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µg/ml and 1 % glucose. These cultures were the next day transferred to 1 l LB with 

Kanamycin 50 µg/ml, 1 % glucose, 2.5 Betain, and 0.5 mM Ala and the cells were 

allowed to grow to, OD600 0.500 to 0.800 before IPTG was added. Incubation was 

done for 3 h and then the cells were harvested by centrifugation at 30 000 rpm in 5 

min at 4 C. The pellet was frozen in liquid nitrogen and the frozen the E. coli cells 

were lysated with X-press. The lysated cells were dissolved in equilibration buffer, 

(50 mM NaPi, 0.3 M NaCl, 10 mM imidazole, MiliQ-water) pH 6.5 for full-length 

CYP26 B1 and pH 8 for spliced CYP26 B1. 1 mM PMSF (phenylmethylsulphonyl 

fluoride) was added to prevent protein degradation by proteaser from the lysed cells, 

and little DNAse (Roche Diagnostics GmbH, Germany) was added to brake down 

remaining DNA fragments. Sonication was made with ultra sound, which destroys the 

cell membranes and releases the protein in the supernatant. Sonication took place 

under approximately 5 min or as long as it took to get the solutions appear homogeny.  

Ultracentrifugation for 50 minutes at 45 000 rpm at 4 C formed a pellet of the 

bacterial waste and the soluble protein could easily be separated when it still was in 

the supernatant. 

2.2.6 Nickel Affinity Gel Purification 

The hexa-Histidine tail on the fusion protein allowed purification with a nickel colon. 

Protein purification were performed in  4 C. His-Select® Nickel Affinity Gel 

(Sigma-Aldrich, USA) was added to the protein suspension and incubated in one hour 

which allowed the Histidine-tag to bind to the gel. The protein suspension was run 

through a colon and two washes were performed with wash buffer (50 mM NaPi, 0.3 

M NaCl, 10 mM imidazole, pH 6.5 full length, pH 8 spliced) before eluting with 

elution buffers 1, 2 and 3 with 50 mM, 100 mM and 150 mM imidazole respectively 

(50 mM sodium phosphate 0.3 M NaCl, pH 6.5 for full-length, pH 8 for spliced). 

Imidazole will bind strongly to the Nickel Affinity Gel and elute the protein. Western 

blot analyse of the different elusions were performed as well as gel electrophoresis 

separation on a 12 % SDS gel.  

 

2.2.7 Staining for Detection of Peroxidase Activity 

A SDS-polyacrylamide-gel with reduced SDS concentration to 0.1 % was pre-

electrophoresed overnight at 20 V to remove ammonium persulfate. Electrophoresis 
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was performed under 100 V. Both full-length CYP26 B1 and spliced CYP26 B1 

samples from the supernatant before purification were used. Cell cultures with full-

length CYP26 B1 and spliced CYP26 B1 was thawed and the pellet was disolved in 

10 mM Tris-HCl, 1mM EDTA, 20 % glyceerol and BFB. In addition pure protein was 

mixed with 0.02 % bromphenol blue (Sigma Aldrich, USA) the loading buffer in a 

ratio 1:1 and loaded on to the gel. Gel staining for peroxidase activity was done with 

freshly prepared 6.3 mM TMBZ (Sigma Aldrich, USA) in methanol. Immediately 

before use, 3 parts TMBZ and 7 parts 0.25 M sodium acetate pH 5.0 were mixed. The 

gels soaked in the mixture at room temperature in the dark under 2 hours when H2O2 

was added to a final concentration of 30 mM. Staining was during 30 min. After the 

staining the gel was placed in isopropanol and 0.25 M sodium acetate, pH 5.0 at a 

ratio of 3 to 7 to remove access TMBZ and this buffer was replaced once. 
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3. Result and discussion 

3.1 Cloning and Sequencing of CYP26 B1 Spliced and Full-

length Variants 

  

3.1.1 PCR and Agaros Gel Electrophoresis  

DNA amplification with PCR for both the full-length CYP26 B1 and spliced CYP26 

B1 (Figure 1A) as well as DNA amplification for full-length CYP26 B1 minus helix 

and spliced CYP26 B1 minus helix (Figure 1B) were successful. Both agaros gels 

showed band with expected size and a clear difference in size between the full-length 

CYP26 B1 and spliced CYP26 B1 in both cases. 

Purification of the PCR product was successful for all four different variants and the 

pure DNA was shown as one single band.  

 

          

 

1A  1B  

 

Figure 1. A: Agarosgel electrophoresis of full-length CYP26 B1 and spliced CYP26 

B1. 1) Spliced CYP26 B1 PCR-product, 2) Full-length CYP26 B1, 3) DNA ladder. 

B: Agaros gel electrophoresis of full-length CYP26 B1 minus helix and spliced 

CYP26 B1 minus helix. 1) Spliced CYP26 B1 minus helix, 2) Full-length CYP26 B1 

minus helix, 3) Negative control, 4) DNA ladder. 
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3.1.2 Cloning in Pet Sumo Vector and Transformation in One 

Shot®MachlTM-T1R Component Cells 

As expected the One Shot Chemically Component E.coli (BL21DE3) (Invitrogen, 

USA) gave an enhanced number of colonies compared to DH5α cells (Örebro 

University, Sweden). The expired T4 DNA ligase that was used together with the 

DH5α cells for full-length CYP26 B1 minus helix may also influence the lower 

number of colonies. 

Cultures with the correct sequence for full-length CYP26 B1 colony 4 (Figure 2), 

spliced CYP26 B1 colony 4 and 16 (Figure 2 and 3), and PCR from spliced CYP26 

B1 minus helix (Figure 4) were found.  Strangely, both cultures with the insert in the 

right direction and cultures with the insert at the opposite directions gave bands when 

used one CYP26 B1 specific primer and one vector specific primer. So far, full.length 

CYP26 B1 colonies have not been found. Problems with identification occurred 

during the project despite using one CYP26 B1 specific primer and one primer 

specific for the vector. Both inserts facing the right and wrong direction gave positive 

band. This problem should be impossible but has happened for several persons 

working in the same laboratory. A grater understanding about why this issue has 

occurred would be beneficial during further PCR studies.  
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Figure 2. Full-length CYP26 B1 4 and spliced CYP26 B1 4 colonies discovered after 

PCR with one forward CYP26 B1 primer and reverse pET T7 primer. 1) Spliced 2,  2) 

Spliced 1,  3)  Negative control, 4) Full-length 10, 5) Full-length 9, 6) Full-length 8, 

7) Full-length 7, 8) Full-length 6, 9) Full-length 5, 10) Full-length 4, 11) Full-length 

3, 12) Full-length 2, 13) Full-length 1, 14) DNA ladder, 15) Spliced 3, 16) Spliced 4, 

17) Spliced 5, 18) Spliced 6, 19) Spliced 7, 20) Spliced 8, 21) Spliced 9, 22) Spliced 

10, 23) DNA ladder.  

 

  

 

Figure 3. Spliced CYP26 B1 colony 16 discovered after PCR with one forward 

CYP26 B1 primer and reverse pET T7 primer. 1) DNA ladder, 2) Spliced 11, 3) 

Spliced 12, 4) Spliced 16, 5) Spliced 20 
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Figure 4. Spliced CYP26 B1minus helix colonies 4 and 9 discovered with primers 

pET forward and B26 pETRc reverse. 1) DNA ladder 2) spliced-helix 1, 3) spliced-

helix 2 4) spliced-helix 3 5) spliced-helix 4, 6) spliced-helix 5, 7) spliced-helix 6, 8) 

spliced-helix 7, 9) spliced-helix 8, 10) spliced-helix 9 11) spliced-helix 10, 12) 

spliced-helix 11, 13) spliced-helix 12, 14) spliced-helix 13, 15) spliced-helix 14, 16) 

spliced-helix 15, 17) spliced-helix 16, 18) spliced-helix 17, 19) spliced-helix 18 , 20) 

negative controll 20) DNA ladder.  

 

3.1.3 Plasmid DNA Purification and Sequencing 

A gel electrophoresis gel was run as a control of plasmid purity after purification with 

QIA prep Spin Miniprep Kit (Qiagen, Germany).  

 

Cultures with the correct sequence for full-length CYP26 B1, spliced CYP26 B1 and 

spliced CYP26 B1 minus helix were found. Two spliced colonies had the right 

sequence. The one without errors in the vector were chosen to continue purification 

with.  
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3.2 Protein expression and purification 

3.2.1 Pilot Expression Analyse of the Samples with Western Blot 

and SDS-gels 

The constructs were successfully transformed into the BL21 (DE3) One Shot Cells 

together with the T7lac gene in the vector makes it possible to produce high quantities 

of protein. 

 

Before we made a major purification we made a pilot expression to confirm that the 

BL21 (DE3) Cells produced protein and that this protein was the correct one. Full-

length CYP26 B1 should have a size of 57.5 kDa and spliced CYP26 B1 a size of 49 

kDa pluss 11 kDa for the SUMO fusion protein. Both proteins were examined with 

western-blotting with a primary monoclonal anti-polyhistidine antibody produced in 

mouse. For full-length CYP26 B1 protein a band with the approximate size of 68,5 

kDa (figure 5) could be detected as well as a band with the correct size of 60 kDa for 

spliced CYP26 B1 protein (figure 6A) and (figure 6B). Spliced colony 16 was further 

immunoblotted with a primary mouse monoclonal antiCYP26 B1 antibody produced 

in mouse to confirm the identity of the protein (figure 7). Of Spliced CYP26 B1 

colony 4, 16 and 20 only colony 16 gave a major protein band at the correct size. 

Therefore, it was most likely to get the correct protein from colony 16, and colony 16 

was also examined it’s protein with an anti-Cyp26 B1 antibody.  
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Figure 5. Western blot of full-length CYP26 B1 colony 4 immunoblotted with a 

primary monoclonal anti-polyhistidine antibody produced in mouse. 1) protein 

ladder,2) control protein PDX, 3) un induced after 4 h, 4) induced after 4h., 5) un 

induced after 2 h, 6) induced after 2h,  7) un induced after1 h, 8) induced after 1h. 
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A    B   

 

Figure 6. A: Western blot of spliced CYP26 B1 colony 4 immunoblotted with a 

primary monoclonal anti-polyhistidine antibody produced in mouse. A: 1) protein 

ladder, 2) control protein PDX, 3)  induced after 4 h, 4) un induced after 4 h, 5) 

induced after 2 h, 6) un induced after 2h,  7) induced after1 h, 8) un induced after 1h.  

B: Western blot of spliced CYP26 B1 colony 16 immunoblotted with a primary 

monoclonal anti-polyhistidine antibody produced in mouse. 1) induced colony 16  

after 4 h, 2) un induced colony 16  after 4 h, 3) induced colony 20 after 0 h, 4) un 

induced colony 20 after 0 h, 5) inducedcolony 16  after 4 h, 6)  un induced colony 16  

after 4 h, 7) induced colony 16  after 0 h, 8)  un induced colony 16 after 0 h,  9) 

protein ladder. 
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Figure 7. Western blot of spliced CYP26 B1 colony 16 immunoblotted with a primary 

mouse monoclonal antiCYP26 B1 antibody produced in mouse. 1) protein ladder,2) 

un induced colony 16 after 0 h, 3) inducedcolony 16  after 0  h, 4) un induced colony 

16  after 4 h, 5) inducedcolony 16  after 4 h, 6) un induced colony 20 after 0 h, 7) 

induced colony 20 after 0 h, 8) un induced colony 16  after 4 h, 9) inducedcolony 16  

after 4 h. 

3.2.2 Purification with the Maxwell Instrument 

Only full-length CYP26 B1 were purified using the Maxwell instrument due to the 

protein proving to insoluble for this method and the method well not produce enough 

protein for further use in crystallization.  

3.2.3 Examination of CYP26 B1 protein solubility 

CYP26 B1 is known to be insoluble and therefore it was important to find out if it by 

adding the SUMO fusion protein will become soluble enough for nickel affinity gel 

purification where the supernatant from the cells is being purified. On western blot 

unfortunately most of the protein was still in the pellet and grater solubility is 

desirable. Full-length CYP26 B1 (Figure 8), spliced CYP26 B1 (Figure 9). 
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Figure 8. Western blot of full-length CYP26 B1 colony 4 immunoblotted with a 

primary monoclonal anti-polyhistidine antibody produced in mouse. 1) protein 

ladder, 2) supernatant full-length colony 4 CYP26 B1, 3) supernatant spliced colony 4 

CYP26 B1,4)  pellet full-length colony 4CYP26 B1, 5) pellet spliced colony 4 CYP26 

B1. 

 

 

 

 

 

Figure 9. Western blot of spliced CYP26 B1 colony 16 immunoblotted with a primary 

monoclonal anti-polyhistidine antibody produced in mouse. 1) protein ladder,2)  

concentarted protein spliced colony 16  CYP26 B1, 3) pellet spliced colony 16 

CYP261B . 
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3.2.4 Nickel Affinity Gel Purification 

Opptimization of pH for the best purification without protein precipitation gave 

accaptable quantities of protein. To high pH gave precipitation while to low pH gave 

low amounts of protein. Weak bands with size 68.5 kDa for full-length CYP26 B1 

protein fused together with the SUMO fusion protein is visible after examination with 

western blot (Figure 10A). Spliced CYP26 B1 (Figure 11A) was purified in pH 8 and 

has a sixe of 60 kDa together with the SUMO fusion protein. Gelelectrofores 

separation in a 12% SDS-gel was also made of the proteins as an extra control of the 

presence and amount of full-length CYP26 B1 (Figure 10B) and spliced CYP26 B1 

(Figure 11B). 

 

 

  B  

 

Figure 10. A: Western of full-length CYP26 B1 colony 4. 1) elution 3, 2) elution 2, 3) 

elution 1, 4) wasch 2, 5) wash 1, 6) flow trough 7) protein ladder. B: Gel-

electrophoreses separation on a 12% SDS polyacrylamidege of full-length CYP26 

B1.1) pellet, 2) supernatant 3 eluation 3, 4) eluation 2, 5) eluation 1, 6) , wash 2, 7)  

wash 1, 8) flow through, 9) protein ladder. 
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A   B  

 

Figure 11. A: Western of spliced CYP26 B1 colony 16. 1) protein ladder,2)  flow 

through,3)  wash 1, 4) wash 2, 5) elution 1, 6) elution 2, 7) elution 3, 8) supernatant, 

9) pellet.  B: Gelelectrophoreses separation on a 12% SDS polyacrylamidege of 

spliced CYP26 B1. 1) pellet, 2) supernatant, 3) eluation 3, 4) eluation 2, 5) eluation 1, 

6) wash 2,7) wash 1, 8) flow through, 9) protein ladder. 

 

3.2.5 Staining for Detection of Peroxidase Activity 

Full-length CYP26 B1 is known to have a haem-group bound to the protein and 

therefore will it have peroxidase activity. About spliced CYP26 B1 little is known but 

model structures of spliced CYP26 B1 show that the amino acids responsible for 

binding and orientation of haem group are intact. However the binding pocket is to 

narrow on spliced CYP26 B1 for the haem to fit (11). Examination of peroxidase 

activity in both full-length CYP26 B1 and spliced CYP26 B1 (figure 12) showed a 

weak band for the purified spliced CYP26 B1 protein which indicate that the spliced 

protein may contain a heme group. Strangely purified full-length CYP26 B1 doses not 

contain a band despite that it is known to be a heme containing protein. This is 

probably due to protein loss under concentration.  
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Figure 12. Full-length CYP26 B1 and spliced CYP26 B1 stained for peroxidase 

activity. 1) protein ladder, 2) pellet full-length Cyp26 B1, 3) pellet spliced CYP26 B1, 

4) pellet full length CYP26 B1, 5) pellet spliced CYP26 B1, 6) purified full-length 

CYP26 B1 7) purified spliced CYP26 B1. 

   1        2      3     4     5               6     7 



 29 

4. Discussion 

 

This study has proved that CYP26 B1 protein expression in BL21 (DE3) is possible. 

However alterations for better protein amount could be beneficial when a high protein 

concentration is required once making the protein crystals needed for structural 

determination. Such alterations can be bacterial growth in a lower temperature under a 

longer period of time. Successful expression with high yield of protein has been 

achieved by, after induction with IPTG reducing the shaking to 190 rpm and also 

lowering the temperature to 30° C. The expression time is then extended from only 

four hours to 48 hours before the cells are harvested. Longer expression time will 

increase the amount of protein but also enlarge the risk for aggregation [27]. 

 

There should be several advantages with using the champion pET SUMO protein 

expression kit for CYP26 B1 expression. One of the greatest is that the N-terminal 

SUMO fusion protein, increase the expression and solubility of the recombinant 

protein and will also generate native protein after cleavage [28]. The manufactures 

solution to insoluble recombinant protein is using the BL21 strain used in the 

expression of CYP26 B1. This gave a low amount of soluble CYP26 B1 and 

considerations about using other vectors should be made. Mainly because of 

expensive cleavage of SUMO fusion protein. This cleavage should be made before 

structural determination to rule out the risk that the SUMO fusion protein may inflict 

in the CYP26 B1 proteins structures. We have not in this study found that the SUMO 

vectors on its own gave sufficient solubility of the CYP26 B1 proteins, and other less 

expensive methods using pCWOri
+
 vectors have proved to give a more sufficient 

yield of soluble P450 protein [27]. pCWOri
+
 vectors are two-cistronic expression 

plasmids a plasmid that claims to enable high-level heterologous gene expression, but 

has no fusion protein that will enhance solubility. It would be interesting to compare 

the solubility between CYP26 B1 proteins with the N-terminal SUMO fusion protein 

and CYP26 B1 without this fusion protein. Invitrogen, the manufacture only states 

that the fusion protein “may increase solubility of the recombinant fusion protein” 

[28].  
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The both CYP26 B1 forms still containing the trans-membrane helix was by this 

method partly soluble and therefore some of the protein could be extracted from the 

supernatant of the lysated cells, and purified by nickel affinity chromatography. 

Nevertheless the amount of protein in the supernatant was unfortunately still low and 

most of the protein is found in the pellet. Purification was also disturbed by the 

isoelectric point (pI) of the full length CYP26 B1 that unfortunately was the same as 

the ideal pH for the purification with the nickel affinity chromatography. This leads to 

a compromise were the pH would not denaturize the protein and still the purification 

could be performed. No such problems arise with spliced CYP26 B1 due to the higher 

pI of this protein. 

 

In this study we have also modified both full-length CYP26 B1 and spliced CYP26 

B1 by removal of the N-terminal hydrophobic membrane-spanning helix to increase 

solubility. This was done to reduce the attraction between the CYP26 B1 proteins and 

the bacterial membranes in the pellet of the truncated proteins when they are 

expressed in Escherichia coli. In earlier purifications of similar P450 proteins, also for 

crystallization, substitution of amino acids has further increased the solubility in high 

salt buffers and makes the protein more suitable for crystallization and structural 

determination with x-ray diffraction [27].  

 

Detergents like DMSO may increase the solubility of the protein and has been used 

during expression of insoluble protein [26] and can facilitate binding and elution of 

the protein from chromatography media. At the moment DMSO is not a good 

detergent candidate as DMSO has shown to disturb the heme coordination within the 

protein. Spliced CYP26 B1 can possibly contain a heme group and we know that full-

length CYP26 B1 does so. From the heme staining one can speculate in the week 

band indicating that spliced CYP26 B1 contains a heme group. On the other hand one 

must take in account that in this method it is not ideal to use whole cells, and therefore 

our results may be misleading. 

 

 However DMSO can in the future be a candidate for stabilization of the spliced 

CYP26 B1 enzymes if they show to not be heme containing proteins. DMSO has 

showed a reduced flexibility within the protein (26) and therefore might simplify 

crystallization and structural determination of spliced CYP26 B1. Nevertheless 
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several different detergents are available on the market all can be expected to have a 

beneficial effect on the CYP26 B1 proteins. It is important to remove any detergents 

before concentration of the protein because the concentrated detergent can affect 

crystallization. Expression of P450 proteins without detergents has been made [27] 

but authors recommend detergents when proteins behave inadequately during the 

purification procedure.  

 

One obvious method to increase the protein amount is to increase the volume of the 

cultures used for protein expression. Under this study culture volumes have ranged 

between 1l to 3l and even grater volumes might be needed.  

 

Most likely several different alterations to improve solubility of CYP26 B1 are 

necessary. Optimizations of several of these parameters are therefore required.  

 

Purifications with the histidine-tags combined with immobilizing metal affinity 

columns are often very effective tools to facilitate the purification and isolation of 

cloned proteins. In this study the yield of protein was acceptable. Being able to keep 

the his-tag attached to the protein throughout the experiments requires knowledge 

about the impact of the histidine-tag on the properties of the protein. In theory there 

can be small alterations in the structure due to the hexahistide tag. This would not in 

general become a problem. One other chromatographic method possible is HPLC but 

affinity chromatography with the histidine-tag will not require expensive equipment 

and might be the most hazard free method. HPLC will also denaturize the protein and 

if it dose not spontainosly refold it is an ansutible method for structural determination.  
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