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Abstract 
 
Mycobacterium tuberculosis is one of the most lethal bacteria worldwide. This slow growing 
organism causes tuberculosis infection and subsequently death of millions of people annually. M. 
marinum, which is less harmful for researchers and contains 47 CYP450, is used as a surrogate 
in the research of M. tuberculosis. Some CYP450s are responsible for oxidation of a variety of 
xenobiotics, and others are involved in hydroxylation of certain metabolites used as carbon 
source.  In this project M. marinum strain CCUG20998 isolated from a fish outbreak was 
assayed, for regulation of CYP450 (CYP144A4) by a small non-coding antisense RNA. Using β-
galactosidase assay and western blot analysis, the expression of the inserted CYP450 gene fused 
with LacZ was found to occur at the stationary phase of the cell cycle. The expression of the 
antisense RNA was detected via Northern blot analysis. However, the antisense RNA had 
different effects on the cells containing different plasmids and tetracycline induction of the 
antisense RNA affected mostly cells containing the pG13P450Y plasmid which had the highest 
expression of the asP450/LacZ fusion construction as measured by β-galactosidase assays. 
Generation time of these cells was prolonged to 13-16 hours. However, phase contrast 
microscopy examination revealed the wild type morphology. The results revealed decrease in 
CYP450 expression using small non-coding RNA, however, tetracycline induction did not affect 
the expression. 
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Abbreviations 

APS Ammonium persulfate 
    asP450:1 asP450 14/16pBS401 

     asP450:2 asP450 14/15pBS401 
     BFB-XC Bromophenol blue- Xylene cyanol   

   BSA                           Albumin from bovine serum Albumin from bovine serum 
CPRG Chlorophenolred-ß-D -galactopyranoside  

    EDTA Ethylenediaminetetraacetic acid   
   HRP Polyclonal Swine anti Rabbit immunoglobulins, horse radish peroxidase 

linked 
     kDa Kilodalton 

  LB Luria Bertani medium 
     OADC Middlebrook Oleic and Albumin Dextrose Catalase Growth Supplement 

    OD Optical density 
PBS Phosphate buffered saline 

 
PBS-T Phosphate buffered saline, tween 20 

    PBS-T-BSA Phosphate buffered saline, tween 20, Albumin from bovine serum 
   pG13P450Y p450G13:pYUB178  
   PNK Polynucleotide Kinase 

pP450Y p450Short:pYUB178  
 RQ1 Plastoquinone-1 

     SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
     SSC Saline sodium citrate 
     TEB Tris-Borate-EDTA 

    TEMED N,N,N′,N′-Tetramethylethylenediamine 
 

Tris-base Tris (hydroxymethyl) aminomethane 
 

γATP 5´-γ[32 P]Adenosinetriphosphate 
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1. Introduction 
 

1.1 Mycobacterium 
 

Mycobacterium identification and classification was elucidated at the late 1800s, when the 
Bacterium tuberculosis (tubercle bacillus) and Bacillus leprae (leprosy bacillus) were 
discovered. The genus mycobacterium was proposed and classified by Lehmann and Neumann in 
1896 as follows: Mycobacteriaceae family; Actinomycetales order; Actinomycetes class 
(Shinnick and Good, 1994). Currently, the minimal criteria for including a species in this genus 
are A) Acid alcohol fastness, B) presence of mycolic acids containing 60-90 carbons (which are 
cleaved to C22 to C26 fatty acids methyl esters by pyrolysis), and C) a CG amino acid base ratio 
of 61-71% (Levy-Frebault and Protales, 1992).  

The genus Mycobacterium includes more than 80 species, fast or slow growing, species 
including tuberculous and non tuberculous species. Species that are included in the fast growing 
category require less than 7 days of growth to obtain visible colonies when plated on a solid 
medium, and the slow growing category requires more than 7 days (Timpe and Runyon, 1954). 
The slowly growing species e.g. Mycobacterium marinum are often causative of human and 
animal diseases while the fast growing species are mostly nonpathogenic for human (Good, 
1992). 

The most well-documented species are the Mycobacterium tuberculosis complex which 
are the causative agents of human tuberculosis (TB): Mycobacterium tuberculosis; 
Mycobacterium africanum; Mycobacterium bovis; and Mycobacterium leprae (Soini and Musser, 
2001). 

M. tuberculosis is a devastating pathogen that causes tuberculosis infection worldwide. 
Only in 2008, more than 13 million patients were infected and nearly 1.8 million people died due 
to tuberculosis (Global Alliance for TB development, 2009). Studying the M. tuberculosis, which 
is very slow growing (generation time is ca 24 h), is difficult. It requires facilities of biosafety 
level-3 (BSL-3) and of non-ideal mammalian hosts. These difficulties have led scientists to 
identify surrogate models for this pathogen that facilitates examining particular areas of interest. 
Mycobacterium marinum infections (in their natural host species) are used broadly for this 
purpose, because they are conferring tuberculosis-like infections in fish and they are at lower risk 
for researchers, easier to manipulate in the laboratory and faster growing with a generation time 
of ca 4-6 h (Broussard and Ennis, 2007). 

M. marinum is closely related to the M. tuberculosis complex as they share more than 
85% amino acid identity (a similarity of 99.3% in 16S rRNA sequence). M. tuberculosis is also 
very closely related, both in its pathology and genetically, to Mycobacterium ulcerans as they 
share 99.6% amino acid identity. The infections caused by M. marinum in poikilothermic hosts, 
such as fishes and frogs, is indistinguishable with the infection caused by M. tuberculosis 
complex in human (Wayne and Kubica, 1986, Gey Van Pittius et al. 2006). 
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The optimal growth temperature for both species is 35oC when grown in Middlebrook 7H9 
medium, subsequently causing infections in cooler parts of warm-blooded animals, which are the 
skin and the extremities (Claude et al. 1973).  

M. marinum was isolated and named by Joseph D. Aronson, in 1926, while examining 
tubercles found in the liver and spleen of dead fishes in the tanks of the Philadelphia aquarium 
(Aronson, 1927).  28 years later, M. marinum was shown to be a human pathogen causing human 
skin lesion granuloma (fish tank granuloma), in association with a swimming-pool outbreak, and 
named Mycobacterium balnei. However, M. balnei, thought to be a new species, is identical with 
M. marinum (Linell and Norden, 1954). 

This Mycobacterium species is an acid-fast, gram-positive, non-motile rod bacterium that 
lives in warm aquatic environments, saprophytically, both in salt and fresh water and exposure to 
such environments is required to contract infection in human (Blackwell, 1999). It produces a 
photochromogenic, yellow, pigment when exposed to light to protect the bacterium from UV-
light (Ramakrishnan et al. 1997). 

M. marinum possesses a single circular chromosome, rich in GC (62.5%), containing 
6.638.827 base pairs (bps), that includes 5424 coding sequences (74%), 65 pseudogenes, 46 
tRNA and one single rRNA operon (Lobry, 1996). With its high number of putative 
oxidoreductases, monooxygenases, dehydrogenases and dioxygenases, M. marinum has a 
multilateral respiratory possibility under aerobic conditions. The cytochrome P450 (CYP450) is 
one of the largest gene families with 47 CYP450 genes (Timothy et al. 2008).  

A nomenclature committee recommended the following subdivision and classification, on 
the basis of amino acid identity, for the cytochrome P450 superfamily genes: e.g. in CYP144A4, 
the “CYP” stands for cytochrome followed by the number for the family (144), and the letter for 
the subfamily (A) and the number for the gene (4). More than 40% amino acid sequence identity 
is required to belong to the same family and more than 55% amino acid sequence identity is 
required to belong to the same subfamily. The CYP450 bound carbon-monoxide gives an 
absorption peak at 450 nm, thereby the name (CYP450) which is the largest enzyme super family 
(Nelson et al. 1996). 

Mycobacterial (prokaryotic) CYP450 are soluble proteins that require ferredoxin and 
ferredoxinreductase, in the CYP catalytic cycle, as electron donors. Some CYP450s are 
responsible for oxidation of a variety of xenobiotics, and others are involved in hydroxylation of 
certain metabolites used as carbon source (Daniéle and René. 2000). Studies of CYP144 
(mycobacterial cytochrome P450) from M. tuberculosis, have indicated a potentially important 
role of CYP144 in cell physiology and in mediating azole resistance. It has high affinity to a 
number of azole (anti-fungal) drugs such as, clotrimazole, miconazole and econazole and 
therefore it might have a role in virulence (Max et al. 2010).  
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1.2 Concept and outline of the project 
 
The message between genetic information and protein expression is carried by ribonucleic acid 
(RNA). Lately, the increased number of discovered small ribonucleic acids (sRNAs) has been 
found to play crucial role in gene regulation such as gene expression silencing. Antisense-RNA 
(asRNA) is included in sRNAs. 
The interaction between asRNA and mRNA occurs through complementary or weakly 
complementary bindings which form a double stranded RNA. The asRNA/RNA complex then 
binds to the RNA binding protein family (Sm) member, the RNA chaperone Hfq. This binding 
can both have a stimulatory or inhibitory effect on translation or decay of mRNA (Gottesman, 
2004). 

Different studies have shown that small RNAs have a crucial role in post-transcriptional 
regulation of essential pathways in prokaryotes such as stress response in bacteria and eukaryotes 
and cell differentiation in plants (Georg and Hess, 2011).   

A candidate sRNA (in cis) complementary to the translation initiation region of the 
cytochrome P450 (CYP144A4) gene was discovered, in Leif Kirseboms lab (unpublished) 
during a screen for small non-coding RNA in M. marinum. The sRNA 
(CTCCAGCCTGGGGGGCGGAAAACGGCACGTCAACGGCTCAGCGACAAGTCTAGAA
CCGACCCCCGGCACC (70 Nts)) (Nucleotides 1-70 in Fig. 1) was denoted asP450. The 
asP450 was shown to be expressed at a higher level in stationary phase than in exponential phase 
of the cell cycle using Northern blotting. 

 
Figure 1. A structure prediction of the asRNA (nucleotides 1-70) construction using mfold (Output of 
air-graph by D. Stewart and M. Zuker) (Zuker, 2003) 



8 
 

 
 

In our study, in order to enable us to study the expression of the cytochrome P450 gene using 
standard β-galactosidase assay, the gene has been cloned and its 5´-end as well as the upstream 
region has been fused with the lacZ gene of the lac operon. The P450 gene fused with lacZ has 
been cloned into the integrating pYUB178 (Pascopella et al. 1994) plasmid. In order to enable 
studies of the asP450 effect on the P450 expression, the asP450 has also been cloned in a 
separate compatible plasmid. Some point mutations have been done on the asP450 e.g. C143 has 
been exchanged with a G, C99 with a T and C71 with an A to establish a potentially better 
terminator. Antibodies have also been raised against the P450 protein (M. Nurul Islam, 
unpublished). 
  
 

1.3 Aim of the project 
 

The aim of the project was studying the expression of the cytochrome P450 protein in the 
presence and absence of the asP450 RNA using β-galactosidase assay and western blotting, as 
well as studying the asP450 by northern blotting. We wanted to see whether presence of the 
candidate asP450 will decrease the expression of the CYP450 compared to absence of the 
asP450 or not.  We also made a construct of the asP450 behind an inducible promoter to better 
control its expression, which also was studied. 
 
 
2. Material and methods 

 
All chemicals are obtained from Sigma-Aldrich except where indicated. All enzymes were 
obtained from Fermentas. 
 
2.1 Strain growth conditions 
 
M. marinum (CCUG20998) cultures (see the front page) were grown at 30oC in 
DifcoTMMiddlebrook 7H9 (7H9) broth supplemented with 10% (vol/vol) Middlebrook Oleic and 
Albumin Dextrose Catalase Growth Supplement (OADC) and 0.025% (vol/vol) Tween 80, 0.4% 
(vol/vol) glycerol (prior to auto-cleaving). M. marinum strains (initial culture volumes were 
routinely10% of the flask volume capacity) were grown in an Infors Ecotrons shaking incubator 
at 100 rpm at 30oC. A final concentration of 25 µg/mL of kanamycin and/or 100 µg/mL 
hygromycin were used for selecting transformants. M. marinum was also grown on 7H10 solid 
medium supplemented with 10% (vol/vol) OADC (Middlebrook) and 0.5% (vol/vol) glycerol.  
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2.2 Cell growth analysis 
 
10 mL starter cultures were prepared by inoculating a single colony of M. marinum into 7H9 
medium and incubating them until they reached an optical density at 600 nm (OD600) value of 
approximately 1. These cultures were diluted to an OD600 value of ca 0.05. 100 mL of the 
cultures were grown in an Infors Ecotron shaking incubator at 100 rpm at 30oC. At different time 
intervals samples were collected and the OD600 was measured. 
 
2.3 Plasmid construction 
 
The construction of all of the plasmids: pP450Y, pG13P450Y, pYUB178 (Pascopella et al. 
1994) where the Cyp450 was fused with lacZ (see below for details) and the antisense asP450 
14/16 pBS401 (asP450:1), asP450 14/15 pBS401 (asP450:2) and pBS40 were done by Fredrik 
Pettersson (unpublished). 
The pP450Y plasmid (Fig. 2) was constructed by amplifying the MM2654 upstream region and 
first 8 codons by polymerase chain reaction (PCR) using primers P3 and P2 (table 1) containing 
HindIII/KpnI restriction sites, respectively. The resulting product was cut with KpnI/Hind III and 
ligated into the pIGn.  lacZ fusion vector cut with the same enzymes. 
 

 
 

 
 
 
The pG13P450Y plasmid was constructed as follows (see figure 3 for a schematic overview): 

1. The same fragment as for the pP450Y construct was amplified by PCR using P4 
(containing a BtsI restriction site) and P2. Similarly, a fragment containing the 
pG13P450Y promoter was PCR amplified from the pG13 plasmid using primers P5 and 
P6. 

Figure 2. Construction of the pP450Y plasmid containing a putative endogenous promoter. P2 and P3 
indicate PCR primers and the open box indicates the MM2654 coding sequence, while the blue line 
represents upstream and downstream sequences. 
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2. The product of P4+P2 was cleaved with BtsI and the product of P5+P6 was cleaved with 
the enzyme BseMI. The cleaved fragments were ligated together fusing the upstream 
pG13P450Y promoter with the downstream MM2654 fragment. 

3. The resulting ligation product was finally amplified by PCR using the P6 and P2 primers 
and cut with KpnI/HindIII and ligated into pIGn similar to the pP450Y construct.  

A fragment containing the cleaved pP450Y (pG13P450Y constructs and the fused lacZ-gene was 
excised from the pIGn-constructs with SwaI/AcLI and ligated into the pYUB178 plasmid cut 
with Eco RV/BstBI resulting in the pP450Y and pG13P450Y plasmids (Fig.3) 

 
 
 
 
 
 
The pP450Y contains a putative endogenous promoter, the pG13P450Y plasmid contains an 
extra (pG13P450Y) promoter upstream of the putative promoter and the pYUB178 is an empty 
control plasmid (Fig. 4 A-D). 
For details of the primer sequences, see table 1.  
 
 
Table 1. Shows the primers used in the pP450Y and the pG13P450Y plasmid constructions 

Name Primers 
P2 FP0932-P450R2 AAAGGTACCCATGGCATCGCTCGCGACTTTCATTG 
P3 FP0919-P450Fshort TTTAAGCTTGGCCAACGCTATCGAGTCGGTC 
P4 FP0923-G13F2 TTTAAGCTTTAGCGCCGCGGTCGGAATCA 
P5 FP0922-P450Fshort2 TTTGCAGTGCAGGCCAACGCTATCGAGTCGGTC 
P6 FP0905-G13R TTTGCAATGTGCCATTATCGCGGCTATG 
 

Figure 3. Construction of the pG13P450Y plasmid containing the putative endogenous 
promoter and an extra pG13P450Y promoter. P4, P2, P6 and P5 indicate the PCR primers and 
the open box indicates the MM2654 coding sequence, while the blue line indicates the 
upstream and downstream sequences. 
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The antisense-RNAs asP450:1 and asP450:2 were cloned into pBS401 using the primers shown 
in Table 2. The antisense-RNA asP450:1 and asP450:2 were cloned between KpnI and SpeI 
sites. pBS401 is pIGn (Casali et al. 2006) where the KpnI/SpeI-fragment is replaced by the 
KpnI/SpeI-fragment from pMIND (Blokpoel et al. 2005) containing a Tet-inducible promoter 
(Fig. 5).  The antisense-RNA asP450:2 contains 2 exchanged nucleotides aiming at introducing 2 
extra GC base pairs in the putative terminator, (U136 and C143 are exchanged to G), compared to 
asP450:1. The pBS401 is an empty control plasmid. 

 

 
 
 

 
 
Figure 4. Construction of the plasmids p450Short:pYUB178 (pP450Y), p450G13:pYUB178 (pG13P450Y) fused 
with lacZ gene. A and B contain a putative endogenous promoter and they are selected for kanamycin resistance. C 
and D contain the putative endogenous promoter and a pG13P450Y promoter. In figure B and D, the transcription 
start site and direction of transcription of the antisense-RNA promoter (asP450) are indicated. Note that the asP450 
promoter is missing in these fusion constructs. These plasmids were transformed into competent M. marinum cells 
via electroporation. 
 
 
Table 2. Primers used in constructing the antisense RNA by using PCR. 
Name    Primers 

FP1014-asP450fw tttggatccCTCCAGCCTGGGGGGCAG 

FP1015-asP450rev tttctgcagctgagacaaacctcgccatgttg 

FP1016-asP450rev2 tttctgcagctgagaccaacctcgccatgttggcctcagt 

  

A B 

C D 
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2.4 Electroporation of Mycobacteria 
 
2.4.1 Electrocompetent cells 
 
M. marinum cells were inoculated in 10 ml 7H9 broth (supplemented with 10% (vol/vol) OACD 
and 0.025% (vol/vol) Tween 20) and incubated in an Infors Ecotron shaking incubator at 100 
rpm at 30oC for 7 days.  The culture was then diluted into a larger culture (1/100 dilution), and 
incubated at 100 rpm at 30oC for 3 days. The cells were incubated on ice for 1.5 h and 
centrifuged at 13000 x g for 10 minutes. The cell pellet was washed three times with 10% ice 
cold glycerol with reduced volume each time, e.g. for 50 mL culture, wash 1= 25 ml; wash 2 =10 
ml; and wash 3= 5 ml. The cells were finally resuspended in 1-2 ml 10% glycerol and transferred 
into cold eppendorf tubes (200 µL in each tube) and frozen in liquid nitrogen. The cells were 
then stored at -80oC (Parish and Stoker, 1988). 
 
 
 

 
 
 
 
 
 
2 .4.2 Electroporation 
 
The different plasmids pP450Y, pG13P450Y and pYUB178 (4 µg of each) were mixed with 200 
µL electrocompetent mycobacterial cells, respectively (Fig. 6), and incubated on ice for 10 
minutes. The cells were transferred into a chilled 0.2 cm electrode gap electroporation cuvet. The 
cuvet was electroporated using a Gene Pulser (Bio-Rad, USA) with the following settings: 2.5 
kV, 25µF and a resistance of 1000 Ω. The cells were resuspended in 1 mL 7H9 medium and 
transferred to new tubes and incubated at 30oC overnight. The cells were harvested by 
centrifugation at 13000 x g for 1 min and 100 µL was plated on Difcos 7H10 medium plates 

Figure 5. Antisense-RNA (asP450:1 or asP450:2) (open box) construction 
including a tet-inducible promoter (arrow). The Hygromycin B resistance marker is 
also indicated. 
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containing 25 µg/ml kanamycin. The plates were sealed with parafilm and incubated at 30oC for 
2 weeks.  

 
Figure 6. The integration of the plasmid pYUB178 into the bacterial chromosome by site specific recombination 
between attP site in the plasmid and att B in the M. marinum chromosome. P1-P4 refer to the location of PCR-
primers that can be used to verify integration. P1/P2 and P3/p4 results in PCR-products in the non-integrated 
chromosome and plasmid respectively. Upon integration, these products disappear and instead P2/P4 and P1/P3 
gives products which are of different sizes compared to P1/P2 and P3/P4. (See e.g. Pena et al. 1996). 
 
In the same way three different plasmids containing three different antisense small RNA (asp450 
14/16pBS401 (asP450:1), asp450 14/15pBS401 (asP450:2) and pBS401 were electroporated in 
electrocompetent cells previously transformed with the pYUB178 constructs (Table 3). The 
transformants were selected on 7H10 plates containing 25 µg/mL kanamycin and 100 µg/mL 
hygromycin B (Parish and Stoker, 1988). 
 
 
 

 
 
 

 
p450Short:pYUB178    p450G13:pYUB178    pYUB178 

  

 
pBS401 

   
pBS401 

   
pBS401 

  

 
asP450 14/16 pBS401 (asP450:1) 

 

asP450 14/16 pBS401 
(asP450:1) 

 
asP450 14/16 pBS401 (asP450:1) 

 
asP450 14/15 pBS401 (asP450:2) 

 

asP450 14/15 pBS401 
(asP450:2) 

 
asP450 14/15 pBS401 (asP450:2) 

Table 3. Three different antisense RNA plasmids were inoculated into cells containing the pP450Y, 
pG13P450Y or the pYUB178 respectively. 
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2.4.3 asP450 induction 
 
M. marinum cell cultures were grown to the early stationary phase (approximately 122 h). The 
culture was split in two equal parts and tetracycline at a concentration of 40 µg/mL was added to 
one of the cultures. 
 
2.5 Expression of CYP450 (β-galactosidase assay) 
 
2.5.1 β-galactosidase assay 
 
Cells were harvested by centrifugation at 13000 x g for 15 minutes. The cell pellet was 
resuspended in 10 mM Tris-HCl, pH 8.0, and recentrifuged. The pellet was resuspended in 200 
µL 10 mM Tris-HCl, p H8.0, and transferred to screw-capped tubes containing 100 µL 0.1 mm 
silica beads (MP biomedical, USA) and chilled on ice. The cells were disrupted using a FastPrep 
FP120 bead beater once for 45 seconds at speed 6.5, chilled on ice for 3 minutes, and centrifuged 
for 3 minutes at 13000 x g at room temperature. The supernatant was transferred to clean tubes 
and stored at -20oC.  

15 µL of sample lysate was added to a 96-well plate. 145 µL 1 M KPO4 pH 7.5 buffer 
(made by mixing 250 ml 1 M KH2PO4 and 100 ml 1 M K2HPO4) was added to each well. A final 
concentration of 5 mmol/L of chlorophenolred-ß-D-galactopyranoside (CPRG) (50 mmol/L 
KPO4 and 1mmol/L MgCl2) solution was added to each well and the plate was incubated at 100 
rpm at 30o C. The OD600 was measured, by a Labsystems Multiskan MB microplate reader using 
DeltaSoft3 software, every 15 minutes up to 90 minutes (Miller, 1972). The obtained β-
galactosidase activity was normalized to the total protein content of the samples determined by 
the Bradford assay (see below).  
 
2.5.2 Bradford assay 
 
Clumping of M. marinum during growth creates difficulties to use optical density as a 
quantitative measurement; therefore total protein content is used as a measure for cell quantity. 
 Dye reagent concentrate (Bio-Rad, USA) was diluted 1:4 and filtered through a Munktell 0.90 
mm filter. Five dilutions (0.05, 0.0625, 0.125, 0.25, and 0.5) of bovine serum albumin (BSA) 
were prepared. In order to make a standard curve, 10 µL of each BSA dilution and sample 
solution (from the same samples used for the β-galactosidase assay described above) were added 
into a 96-well plate in triplicate. 200 µL of the diluted dye reagent was added to each well and 
mixed thoroughly. The plate was incubated at room temperature for at least 5 minutes and the 
OD600 was measured. The total protein concentration was determined from the BSA standard 
curve. 
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2.6 Western blot analysis 
 
2.6.1 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-Page) 
 
The SDS-Page consisted of two parts; a separation gel and a stacking gel. A mix of 4.05 mL 
dH2O, 3.3 mL 30% acrylamide/bis 37.5:1 (Bio-Rad, USA), 0.1 mL 10% APS and 10 µL (Bio-
Rad, USA) TEMED (N,N,N´,N´-Tetramethylethylenediamine) (Bio-Rad, USA) was prepared to 
obtain 10 mL 10% separation gel. A mix of 3.5 mL dH2O, 0.625 mL 8x stacking buffer (0.92 M 
Tris base pH 6.8, 0.8% SDS), 0.83 mL 30% acrylamide/bis 37.5:1 (Bio-Rad, USA), 0.05 mL 
10% APS and 5 µL TEMED (Bio-Rad, USA) was mixed to obtain 5 mL 5% stacking gel. 
10 µL protein samples (equal amount of protein samples estimated through a Bradford assay (see 
above) were adjusted to the same volume) were mixed with 10 µL 2x SDS loading buffer 
containing 125 mM Tris-HCl pH 6.8, 5% SDS, 25% glycerol, and 0.05% bromophenol blue 
(BPB). Protein samples were boiled for 3 minutes at 95oC prior to loading on the 10% one 
dimension running gel. As a molecular weight marker, PageRuler Plus prestained protein ladder 
(Fermentas, USA) was used in the gels to be analyzed.  
Gels were run at 130 V in 1x running buffer (13% Tris base, 60% glycin and 0.4% SDS pH 8.3). 
After electrophoresis, the gels were analyzed through western blotting (Bio-Rad, USA) 
 
2.6.2 Gel analysis 
 
Separation gels were equilibrated in 2x transfer buffer for 15 minutes and filter pads, filter paper 
and the membranes were soaked in 2x transfer buffer (313.5 g tris base pH 6.8, 144.2 g glycin, 
40% methanol (100% vol/vol), 0.2% SDS and 60% dH2O (a total of 5 L)) for 15 minutes. Gel 
sandwiches were prepared in this order; filter pad, filter paper, gel, membrane, filter paper, filter 
pad in cassettes and placed in cassettes. The cassettes were placed in electro blot tanks and the 
tanks were filled with transfer buffer. The blot was run at 35 V, 90 mA overnight using a mini-
protean II Electrophoresis cell (Bio-Rad, USA). 
 
2.6.3 Immunodetection 
 
Membranes were pre-wetted in 100% (vol/vol) methanol and washed for 5 minutes in dH2O. 
Non-specific binding was blocked by incubating the membranes in PBS-T (0.1% (vol/vol) 
Tween 20) containing 5% (w/v) dried skimmed milk for 1h. Membranes were rinsed briefly 
twice and then washed in excess volume of PBS-T for 5 minutes. Appropriate dilution of the 
primary antibody anti-P450 (1:1000), anti-PknB (1:2500) or anti-Wag31 (1:2500) was used and 
incubated with the membranes for 1 h, in PBS-T-BSA (BSA 0.25% (W/V)).  
Membranes were rinsed and washed in excess volume of PBS-T for 2 x 10 minutes and 
incubated with appropriate dilution of the secondary HRP-linked antibody (Polyclonal swine anti 
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Rabbit immunoglobulin (1/5000)) for 1 h, in PBS-T. Membranes were rinsed briefly and washed 
in PBS-T for 3 x 10 minutes (Amersham, UK).  
According to the procedure recommended by the manufacturer, a mix of detection reagents 
containing 97.5% solution A and 2.5% solution B was used for detecting the protein samples 
(ECL Plus western Blotting Detection System, RPN2132, Amersham, UK). The excess wash 
buffer was drained off the washed membranes and the membranes were placed protein side up 
on a plastic sheet. Mixed detection reagent was pipetted on to the membranes and incubated for 5 
minutes at room temperature. The excess detection reagent was drained off the membranes by 
holding and touching the edge of a tissue. Membranes were placed in a fresh plastic sheet protein 
side down and air bubbles were smoothed out. The wrapped membranes were put in an x-ray 
film cassette and a sheet of autoradiography film, Hyperfilm ECL (Amersham, UK), was put on 
top. The first piece of film was developed immediately (after 5 seconds of exposure) and the 
exposure time for the next piece of film was estimated depending on the appearance of the first 
film.   
 
2.6.4 Stripping and reprobing the membrane 
 
The membrane was submerged in stripping buffer containing 100 mM β-mercaptoethanol, 2% 
(W/V) sodium dodecyl sulfate, 62.5 mM Tris-HCl pH 6.7, and incubated at 50oC for 1 h with 
occasional agitation. The membrane was then washed 2 x 10 minutes in PBS-T at room 
temperature using large volumes of wash buffer and then reprobed.  
 
 
2.7 Northern blotting 
 
2.7.1 RNA extraction 
 
RNA was prepared as follows (essentially according to Ghosh et al. 2009). M. marinum cell 
cultures were grown to the mid-log phase and harvested by centrifugation. The pellet was frozen 
in liquid nitrogen immediately and stored at -80oC until it was used. The pellet was thawed on 
ice for 5 minutes and resuspended thoroughly in 1mL Trizol (Introgen, USA). The resuspended 
cells were then transferred to a 2 mL screw-capped tube containing 400 µL 0.1 mm silica beads 
(MP biomedical, USA). 200 µL CHCl3 was added to the tube and then vortexed for 15 seconds. 
The cells were disrupted using a FastPrep FP120 bead beater 4 x 30 seconds at speed 6.5, kept on 
ice for three minutes in between each round.  

The cells were centrifuged at 13000 x g for 30 minutes at +4oC. The supernatant was then 
transferred to new eppendorf tubes and extracted with equal volume of CHCl3 and centrifuged at 
13000 x g for 5minutes at +4oC. The supernatant was transferred to new eppendorf tubes and 
was mixed with an equal volume of isopropanol. The mixture was precipated at -20oC overnight.  
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The cells were centrifuged at 13000 x g for 30 minutes at +4oC and the supernatant was 
discarded. The pellet was washed in 500 µL 70% ethanol and centrifuged at 13000 x g for 15 
minutes at +4oC. The supernatant was discarded carefully. The pellet was then air dried for 10 
minutes and dissolved in 26 µL dH2O.  

The RNA concentration was verified by measuring the absorbance band at 260 nm (A260) 
and RNA integrity was checked on agarose gels as follows: 1 µL of the dissolved pellet was 
further diluted by a factor of 1:10 in dH2O. The concentration of 1 µL of the diluted pellet was 
measured at 260 nm on a NanoDrop (Saveen Werner, software; ND-1000 V3.6.0). RNA 
integrity was verified by loading 1 µL (mixed with RNA stop dye 1:1) of the diluted pellet on a 
2% agarose gel in 1 x TEB buffer. 

The samples were then DNase treated to eliminate DNA. 175 µL dH2O and 24.4 µL of 10 
x buffer, 20µL of RQ1 enzyme (1U/µg) (Promega, USA) was added to the samples. The samples 
were then incubated at 37oC for 60 minutes, and extracted once with equal volume of phenol and 
twice with equal volume of CHCl3. After centrifugation at 13000 x g for 15 minutes, the 
supernatant was discarded and the pellet was precipitated with 0.1% (vol/vol) 3 M NaOAc pH 
5.5 and 2.5% (vol/vol) 95% ethanol at -20oC and then centrifuged to recover the pellet with RNA 
at 13000 x g.  

The pellet was then washed with 500 µL 70% ethanol and centrifuged at 13000 x g for 5 
minutes and then air dried for 10 minutes. The RNA concentration was determined by measuring 
1 µL sample at 260 nm on a NanoDrop (Saveen Werner, software; ND-1000 V3.6.0) and the 
integrity checked by loading 1 µL on a 2% agarose gel in 1 x TEB buffer. 
 
2.7.2 Loading RNA samples 
 
RNA samples (30 µL) were mixed (1:1) with 2xRNA loading dye (916 µL formamide, 34 µL 
0.5M EDTA, 50 µL 1% BFB-XC). A marker for size and transfer (1 µg/µL pBR322-MspI 
(Sigma-Aldrich, USA) 6 µL [γ-32P]ATP (PerkinElmer, USA), 2 x PNK buffer, 1 µL T4PNK 
(Fermentas, USA) and 10µL dH2O) was incubated at 37oC for 1 hour. 30 µL dH2O was added to 
the marker and it was then filtrated through a G25 spin column (GE Healthcare, UK) to remove 
unincorporated [γ-32P]ATP. An appropriate amount was diluted in 100 µL 1 x RNA loading dye 
and an activity of 100 cps was obtained. 

The RNA samples and 10 µL of the labeled marker were denatured at 95oC for 5 minutes 
followed by a quick chill on ice and loaded on a denaturing 8% polyacrylamide/7 M Urea gel in 
1 x TEB. The gel was pre-run at 22 W before loading, and then ran, loaded, at 22 W for ca 3 
hours.  
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2.7.3 Blotting 
 
The equipment was washed thoroughly with pure water. 6 pieces of Whatman paper, 2 filter pads 
and a Hybond-N+ membrane (Amersham, UK) were cut to the size of the gel and soaked in 1 x 
TEB.  

Gel sandwiches were prepared in this order; filter pad also pre-wetted in 1 x TEB, 3 filter 
paper pieces, gel, membrane, 3 filter paper pieces (air bubbles were rolled out), filter pad. The 
sandwiches were put in cassettes and placed in electroblot transfer tanks with the membrane 
facing the plus pole. The tanks were filled with 1 x TEB. The blot was run at 15 V, 200 mA 
overnight using a trans-blot cell (Bio-Rad, USA). 

The blot was then disassembled and the membrane was labeled on the side where the 
RNA was. To get an idea about the efficiency of the transfer, the membrane was put on a piece 
of filter paper and the signal was checked with a GM counter. The membrane was then put in a 
UVC 500 cross linker (Amersham, UK), RNA side up, and cross linked at 70000 µJ/cm2. 
 
2.7.4 Hybridization of the membrane 
 
The membrane was hybridized in Church buffer (Church and Gilbert, 1984) containing: 5 g 
BSA, 1 mL 0.5 M EDTA, 250 mL 1 M NaH2PO4, 175 mL 20% SDS. The membrane was rolled 
(RNA side in) and put in a hybridization tube. A small volume of Church buffer was added to the 
tube and the membrane was un-rolled. The tube was then filled with 15 mL (total) of Church 
buffer. The membrane was pre-hybridized at 42oC (20oC below the used oligo melting 
temperature) for 30 minutes. The probes were labeled as follows;  5 pmol asP450 probe 3       
(5´-CTAGACTTGTTGCCGCGCC-3´) (Sigma-Aldrich, USA); 6 µL [γ-32P]ATP (PerkinElmer, 
USA); 2 x PNK buffer; 1 µL T4PNK (Fermentas, USA) and 10 µL dH2O was incubated at 37oC 
for 1 hour. 30 µL dH2O was added to the marker which was then filtrated through a G25 spin 
column (GE Healthcare, UK). 4 µL of the labeled probe was added to the hybridization (Church) 
buffer and the membrane was hybridized at 42oC overnight. 5 pmol mar 5S NP2 probe (5´-
GCTGACAGGCTTAGCTTCCG-3´) was labeled in the same way as above and used for 
normalizing the asP450 expression values. 
 
2.7.5 Washing the membrane 
 
The hybridization buffer was poured off and the membrane was washed 1 x 50 mL pre-warmed 2 
x SSC/0.1% SDS (Saline sodium citrate) at 42oC for 5 minutes.  
The membrane was rinsed in 2xSSC to cool down and remove some of the SDS, and the excess 
liquid was drained off by putting the membrane on a piece of Whatman paper. The membrane 
was then wrapped in plastic and exposed to a PharosFX Plus molecular Imager, using Quantity 
One software (Bio-Rad, USA) for quantification. 
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2.7.6 Stripping the membrane 
 
The membrane was washed 3 times in boiling stripping buffer solution containing 0.1% SDS and 
0.1 mM EDTA.  Stripping buffer was poured over the membrane and let cool down (15 - 30 
minutes). The membrane was then rinsed in 2 x SSC at room temperature. The membrane was 
then scanned in a phosphorimager to check if the signal was removed, and stored in sealed 
plastic.  
 
 
2.8 Light microscopy 
 
Cells cultures at stationary phase of M. marinum grown on Middlebrook 7H10 solid medium 
containing the plasmids pP450Y, pG13P450Y and the control pYUB178 plasmid, respectively, 
were dissolved in 100 µL PBS. 10 µL of the cells was spotted on 1 mL of 1% agarose in PBS on 
microscope slides and covered with a cover slip. The samples were then examined under an 
Axioplan II imaging fluorescent microscope using Axiovision software (Carl Zeiss). 
 
 
3. Results 

 
3.1 CYP450 expression 
 
The expression of the integrated gene was tested 
by inoculating the cells on plates containing 
kanamycin and X-gal (Fig. 7) and cell colonies 
could be seen clearly. Cells containing the 
pP450Y and the pG13P450Y plasmid resulted in 
production of a turquoise-blue color that indicated 
expression of the CYP450-lacZ fusion proteins, 
while cells containing the empty control 
pYUB178 plasmid did not produce any visible 
blue product.  
 
 

Figure 7. Expression of the integrated genes inoculated on 
Middlebrook 7H10 media containing kanamycin and X-gal. 
(Top) is containing the pG13P450Y plasmid, (Middle) is 
containing the pP450Y plasmid and (Bottom) is containing the 
pYUB178 control plasmid. 
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In order to quantify and determine the 
timing of expression of the P450 gene 
in relation to growth stage, I purified 
total protein from liquid cultures of M. 
marinum at different time points 
during growth and performed β-
galactosidase assays. The values were 
normalized to total protein 
concentration determined by using the 
Bradford assay. 
The normalized (Fig. 8 top) values 
revealed that the β-galactosidase 
activity increased at later stages of the cell 
growth (100 hours after inoculation in 
Middlebrook 7H9 media). Since the 
inserted cytochrome P450 gene was fused 
with lacZ, this indicates that the 
expression of the cytochrome P450 is 
higher at later stages of growth. The 
expression from the pG13P450Y construct 
(containing both the pG13P450Y and the 
putative P450 promoters) seems to be 
higher compared to the pP450Y construct 
(containing only the putative P450 
promoter) at each time point except for the 
time point 168 h.  
This experiment was repeated three times 
and the same result was obtained. 
In cells containing both the plasmid and 
the small antisense RNA (Fig. 8 middle 
and bottom), the results revealed a 
significant decrease in the fused lacZ-
P450 expression in cells containing both 
the pG13P450Y (Fig. 8 middle) and the 
pP450Y plasmid (Fig. 8 bottom) in the 
presence of antisense asP450:1 or asP450:2 
compared to the empty control plasmid.  
The cell culture was divided into two halves 
after 122 hours of inoculation, and added 40 
µg/mL tetracycline to a half of the culture 

Figure 8.Top: normalized β-galactosidase activity and P450 
expression during growth in 7H9 at 30oC. Middle:  
expression of P450 in cells containing the pG13P450Y 
plasmid and both the antisense asP450:1 and asP450:2. 
Bottom: expression of P450 in cells containing the pP450Y 
plasmid and both antisense asP450:1 and asP450:2 
respectively. T refers to tetracycline induction of the 
plasmids. 
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(all time points marked with a T in Fig. 8 middle and bottom) to induce the expression of the 
antisense P450 from the tet-promoter. However, tetracycline did not seem to change the 
expression inhibition alone. 
Figure 8 (middle, bottom) confirm the late expression of the fused lacZ-P450 as was the case in 
cells without the antisense RNA constructs.  

A β-galactosidase assay was also performed on cells containing the empty pYUB178 
control plasmid and the asP450:1 or asP450:2 antisense-RNA as well as the empty control 
pBS401 plasmid but as expected I did not see any β-galactosidase expression (data is not shown, 
compare Fig. 4).  
 
 
3.2 Western blot 
 
In order to test whether the expression 
profile of the chromosomally encoded 
CYP450 gene was similar to the 
profile seen in the plasmid-encoded 
P450-LacZ fusion construct over time, 
Western blotting was performed using 
M. marinum cell suspensions sampled 
over a period of time. The cells were 
containing; the pP450Y; the 
pG13P450Y; or, the empty control 
pYUB178 plasmid. In order to estimate 
equal amounts of protein, a Bradford 
assay was performed on the samples. 
 The cell suspension was incubated with a 
polyclonal rabbit antibody targeting the 
CYP450 protein followed by incubation 
with horse radish peroxidase (HRP) 
linked swine anti rabbit antibody as the 
secondary antibody. In most of the cells 
containing the plasmids pG13P450Y 
(Fig. 9 Top) and pP450Y (Fig. 9 Bottom) 
very weak signals were observed. 
However, in cells containing the 
pYUB178 plasmid no signals were 
observed (data not shown).  
These observations suggest that the 
CYP450 is expressed in M. marinum cells 

Figure 9. Top: expression of the gene CYP450 in M. marinum 
cells containing the pG13P450Y plasmid incubated with anti-
P450 and anti-PknB antibodies. Bottom: expression of the gene 
CYP450 in M. marinum cells containing the pP450Y plasmid 
incubated with anti-P450 antibody. The columns indicate 
samples taken in different time points 
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containing the pP450Y and the pG13P450Y plasmids. However, no expression could be seen in 
cells containing the empty control pYUB178 plasmids. The immunodetection experiment was 
repeated using anti-PknB and anti-Wag 31 antibodies as two different standards to compare with 
the anti-P450 antibody. Expression of PknB (ca.70 KDa) could be seen clearly in cells 
containing the pG13P450Y plasmid, weakly on cells containing the pP450Y plasmid and not 
expressed on cells containing the empty control pYUB178 plasmid (data not shown). The 
expression of anti-Wag 31 (ca 29 KDa) could not be distinguished clearly from the shortest band 
on blots from cells containing the pG13P450Y and the pP450Y plasmids. However no 
expression of Wag31 could be seen in cells containing the empty control pYUB178 plasmid. 
Lack of signals in cells containing the empty control pYUB178 plasmid might be due to too little 
protein loaded, bad transfer or protein degradation. 
 
3.3 Northern blot 
 
In order to confirm the expression of the antisense-RNA, Northern blot analysis was performed 
on  total RNA extracts from M. marinum cells, collected over a period of time (between 100 and 
216 hours after 1:100 dilution of the starter culture in Middlebrooks 7H9 medium), containing 
the pG13P450Y, the pP450Y and the pYUB178 constructs with the antisense RNAs As, 
asP450:1 and asP450:2 plasmids (Fig. 10 A- H).To quantify the cell amount and normalize the 
values the membranes were probed with oligonucleotides targeting 5S rRNA (mar 5S NP2). The 
antisense-RNA is expressed differently in the M. marinum cells. This might be due to inserted 
plasmid (pP450Y, pG13P450Y and pYUB178), the antisense-RNA type or presence or absence 
of tetracycline. The antisense RNA was expressed (at a very low level) in cells containing all the 
three plasmids. However at time point 144 h (Fig. 10A) after inoculation, the antisense-RNA is 
expressed to a much higher level, in the presence of tetracycline in cells containing the 
pG13P450Y construct with antisense RNAs asP450:1 and asP450:2 compared to the samples 
collected in the rest of the time points in presence or absence of tetracycline.  
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Figure 10. A- H. The expression of the antisense RNA in M. marinum cells containing the plasmids pP450Y, 
pG13P450Y and pYUB178 respectively in presence or absence of tetracycline, inoculated in Middlebrooks 7H9 
media. The left part shows northern blots probed with [γ-32P]ATP targeting the asP450 RNA, the middle part shows 
northern blots probed with 5S NP2 targeting the 5S rRNA and the right part shows a quantification of the asP450 
RNA signals normalized to the 5S rRNA signals. 
 
 
3.4 Growth rate 

 
In order to test if the 
inserted plasmids affect 
the growth rate, the 
growth rate was 
measured on cells 
containing the pP450Y 
plasmid (Fig. 11 Top) by 
measuring the OD600, in 
the presence of the 
antisense asP450:1 and 
asP450:2, as well as the 
antisense control plasmid 
(pBS401).  
In the same way, the 
OD600 of cells containing 
the pG13P450Y plasmid 
was measured (Fig. 11 
Bottom) in the presence of 
the antisense asP450:1 and 
asP450:2 as well as in the 
presence of the antisense 
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Figure 11. measurement of the groth rate. The cultures were grown in 7H9 media 
in an Infors Ectron shaking incubator at 100 rpm at 30oC. samples were collected 
at different time intervalls. Top: Growth rate curve for cells containing the pP450Y 
plasmid and the antisense asP450:1 or asP450:2 as well as the control antisense 
plasmid pBS401 respectively. Bottom: Growth rate curve for cells containing the 
pG13P450Y plasmid and the antisense asP450:1 and asP450:2 as well as the 
contol antisense pBS401, respectively.  
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control plasmid (pBS401). The cultures were grown in an Infors Ecotron shaking incubator at 
100 rpm at 30oC. At different time intervals samples were collected and the OD600 was 
measured. 
The generation times (the time do double the population) were determined by dividing ln2 with 
the slope obtained from an exponential fit to the exponential part of the growth curve (Fig. 11). 
The results are presented in Table 4. These results indicate prolonged generation times of the 
cells containing the pG13P450Y plasmid compared to cells containing the pP450Y plasmid.  
 
 
 

 
 
 
 
 
 
 
 
 
3.5 Microscopy 
M. marinum cells were grown in Middlebrook 7H9 media at 30oC containing the plasmids 
pP450Y, pG13P450Y or pYUB178 control plasmid. Samples were and scanned using an optical 
microscope. The scanned cells did not show any morphological changes confirming that the 
asRNA has no effect on overall cell morphology (Fig.12).   
 

Figure 12. 155 days old Mycobacterium marinum cells grown in Middlebrook 7H9 media at 300C containing the 
pP450Y (left), the pG13P450Y (middle) and the empty control pYUB178 plasmid (right) were scanned by an 
optical microscope. All images are in the same scale (which is not shown). 

Cells   Growth rate 
pP450Y+ pBS401 

 
ln2/0.0459 = 15h 

pP450Y + asP450:1 
 

ln2/0.0522 = 13.3h 
pP450Y + asP450:2 

 
ln2/0.0484= 14.3h 

pG13P450Y + pBS401 
 

ln2/0.0432= 16.04h 
pG13P450Y + asP450:1 

 
ln2/0.0391= 17.7h 

pG13P450Y + asP450:2 
 

ln2/0.0432= 16.04h 

Table 4. Generation time of Mycobacterium marinum containing the pP450Y or the pG13P450Y 
plasmid inoculated with antisense asP450:1, asP450:2 or pBS401 respectively (these values are from 
a single measurement from the growth curves shown in Fig 11 and in the attachment.). 
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4. Discussion 

 
This study was aimed at elucidating the function of an antisense RNA complementary to the 
Cytochrome P450 (CYP144A4) upstream region in M. marinum. Previous work in our lab 
revealed a candidate sRNA denoted as asP450 since it was complementary to the cytochrome 
P450 translation initiation region. CYP450 has a potential role in cell physiology and in 
mediating azole resistance (Max et.al. 2010). Expression of the β-galactosidase enzyme encoded 
by the lacZ gene can be used as a reporter for other genes fused to it (Srivastava et al. 1997). 

Standard β-galactosidase assay was performed on cells containing the constructs pP450Y, 
pG13P450Y and pYUB178 harboring the CYP450-lacZ fusion to study the expression of the 
CYP450.β-galactosidase assay from cells containing the pP450Y and the pG13P450Y plasmids 
revealed an expression of CYP450 (Fig. 4) late in the growth cycle. However no significant 
differences in the expression could be seen between the two plasmids. No expression of CYP450 
could be seen from cells containing the empty control pYUB178 control plasmid.  

β-galactosidase assays from cells containing the plasmids pP450Y, pG13P450Y and 
pYUB178 co-transformed  with either of the asP450:1, asP450:2 or pBS401 antisense plasmids 
suggests an overall decrease in CYP450 expression in cells harboring the asRNA expressing 
plasmid between time points 144 and 216 h. 
The decrease was not specific to any plasmid or antisense-RNA type. However, a significant 
pattern of increasing expression starting at 144 hours after inoculation and decreasing expression 
216 hours, with a peak at 190 hours after inoculation could be seen. The tetracycline induction 
increased the expression of cells containing the pP450Y and pG13P450Y plasmid, respectively, 
with the antisense control plasmid (pBS401) after 190 hours of inoculation, suggesting that the 
increase was due to tetracycline addition rather than to asRNA expression. 

Western blot analysis confirmed the late (after 72 hours) expression of the CYP450 in the 
M. marinum cells containing the pP450Y, pG13P450Y plasmid as indicated by the β-
galactosidase experiment. No expression in cells containing the pYUB178 plasmid could be 
observed likely because of experimental errors.  

Northern blot analysis was used to confirm the expression of the antisense-RNA in M. 
marinum cells containing the pP450Y, pG13P450Y and the pYUB178 plasmids respectively. 
Samples were collected 100 hours after inoculation, and both the antisense RNA asP450:1 and 
asP450:2 were expressed at all the time points. The results do not show any clear pattern. At time 
point 144 hours, the difference between the tetracycline induced and non-induced pG13P450Y 
plasmid is significant. However tetracycline seems to have a greater effect on cells containing 
the pG13P450Y plasmid in presence of both the antisense asP450:1 and asP450:2 at the late time 
points (144, 216 hours). Expression of the antisense asP450:1 and asP450:2 could also as 
expected be seen in cells containing the pYUB178 plasmid. 

The expected generation time for wild type cells at 35oC is 6 hours (Rybniker et al. 
2003). However cells containing the pP450Y, pG13P450Y or the empty control plasmid 
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pYUB178 are growing much slower with a generation time of 13-16 hours. The optimal growth 
temperature is 35oC according to Claude et al. 1973 but our cells are grown at 30oC (chosen in 
these studies) which could be one reason for the prolonged generation time.  Contribution of 
antibiotics or the inserted plasmids could be other reasons.  

In conclusion, the results are too inconclusive to determine whether the asRNA regulates 
CYP450. 
 
 
5. Future experiments 

 
The experiment can be improved by repeating the procedure from the beginning to avoid errors 
that could have been done, and consider the following steps: 

1. Running quantitative RT-PCR to elucidate whether the expression of β-galactosidase is 
more than the expression of the antisense RNA, or it is the other way around. 

2. Making point mutations in the inserted CYP450 gene and test if the expression will have 
the same effect. 

3. Point mutations in the antisense RNA. 
4. Testing the effect of different stress factors on the CYP450 or antisense RNA expression 

and the antisense RNA in trans with the target. 
5. In vitro tests on the effect of the antisense RNA. 
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