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Sammanfattning 
 
 
Avsikten med detta examensarbete var att använda en ny metod för att selektivt slå ut gener hos den 

jordlevande bakterien Streptomyces coelicolor, och sedan studera eventuella effekter av detta. 

Detta gjordes genom att ersätta genen som valdes att ta bort med en annan gen som gjorde bakterien 

motståndskraftig mot ett visst antibiotika vilket gjorde det möjligt att välja ut endast de bakterier som 

hade förlorat genen. Generna valdes eftersom man sett att liknande gener har betydelse i svampar, 

som har vissa likheter med S. coelicolor. Mutationen fördes över till S. coelicolor och studier av 

mutanterna visade att generna hade betydelse för utvecklingen av lufthyfer hos bakterien. Dessutom 

visade det att metoden fungerar för att slå ut gener hos S. coelicolor. 
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Introduction 

Today, as the genomes of more and more organisms are being sequenced, the functions of their 

different genes need to be examined. During this “post genomic” research, the ability to selectively knock 

out, or modify, specific genes is very important and there is a need for new methods to make this work 

easier and less time-consuming. One purpose of this project was to adapt one of these novel methods 

for use in the Gram-positive bacterium Streptomyces coelicolor. 

 

The method was used to create knockout mutants lacking two specific hybrid histidine kinases. 

Homologues of these kinases have only been found in organisms growing as hyphae (filamentous 

fungi and streptomycetes), and in fungi they are involved in the development of hyphae. 

The second purpose of this project was therefore to determine if they have a similar role in 

Streptomyces coelicolor. 
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Background 
Streptomyces coelicolor 
Streptomyces coelicolor is the most important model organism amongst the Actinomycetes, a large 
group of Gram-positive bacteria, with an unusually high G+C content (69-73%) in their DNA. They 
include some of the most important industrial microorganisms (e.g. antibiotic-producing Streptomyces) 
as well as important pathogens (e.g. mycobacteria, causing tuberculosis) 
 
The Streptomyces genus consists of more than 500 different species. They form mycelia, much like 
fungi. The vegetative phase begins with the formation of a complex web of branched filaments that 
make up the entire colony. As the colony grows, developmental processes begin, possibly in response 
to nutrient limitation and/or cell density. These include increased production of extracellular proteins 
and secondary metabolites, initiation of lysis in central parts of the colony, onset of storage 
metabolism, and formation of aerial hyphae (1,2). The aerial hyphae grow away from the mycelium 

into the air and can be more than 100 µm long. Then they start to form spores by creating “cross 

walls”, called septa that divide the aerial hyphae into individual spore compartments, each containing 
their own copy of the genome. During this time the colony also produces secondary metabolites, 
many of which are antibiotics. Over 70 % of the antibiotics used today originate from actinomycetes 
(2). The Streptomyces coelicolor genome has recently been sequenced (3), and the analysis of its 
>7000 genes will have a large impact on industrial and medical applications as well as increasing the 
knowledge about Gram-positive bacteria in general. The study of the genome requires efficient 
methods to remove genes in order to study their function. Classical methods of genetic manipulation 
work in S. coelicolor, but they tend to be cumbersome and time-consuming, often requiring several 
subcloning steps and in-vitro engineering.  
 
In yeast, efficient recombination between very small regions of homologous DNA has enabled direct 
integration of linear PCR fragments into the genome, and it has proven very successful in creating 
gene knockouts (4). However, that approach does not work very well in E. coli, in part because the 
RecBCD exonuclease degrades the linear DNA molecule before recombination occurs. However, this 
can be avoided if a special strain of E. coli is used. The strain contains a defective Lambda prophage 
expressing the genes exo, beta and gam, controlled by a temperature sensitive repressor. The 
lambda genes can be switched on at 42° and off at 32° C. When the lambda functions are turned on, 
the cells become more prone to undergo recombination. Gam prevents the RecBCD nuclease from 
attacking the linear DNA molecules, and Exo and Beta enhances recombination, which makes 
recombination possible using DNA homologies as short as 30-50 bp (5,6).  
 
The novel method used during this project takes advantage of the ordered Streptomyces coelicolor 
cosmid library (8). A cosmid with the gene of interest is introduced into the special E. coli strain where 
the target gene is replaced by a gene giving antibiotic resistance using homologous recombination 
with PCR fragments. 
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Recombination system in E. coli using PCR products 
The basis for this technique is the use of homologous recombination, enhanced by the lambda Red 
system. A linear DNA cassette is amplified by PCR and transferred into a special strain of E. coli 
containing a cosmid or plasmid with the gene of interest. The lambda genes make recombination 
possible and permit the replacement of the gene of interest on the Streptomyces coelicolor with an 
antibiotic cassette.  
 
The first step is to create primers to be able to amplify the antibiotic resistance cassette from the 
plasmid. A pair of primers is constructed to amplify the resistance cassette, in the same way as in a 
standard PCR reaction. About 20 bp of the primer is used for amplification (primer sequence), and 
the other 50 bp are homologous to the DNA surrounding the gene of interest (homologous sequence).  

 
Figure 1. The PCR reaction produces the resistance casette flanked by homologous DNA.  

(not according to scale) 

   
 
DY380 contains 3 genes from phage lambda that facilitate genetic recombination, the gam, exo, and 
beta genes, which increases the recombination frequency (5). However, the expression of these 
genes is harmful to the cells, so a temperature sensitive repressor controls them.  
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To use this system a cosmid or plasmid containing the gene of interest is needed, in this case the 
DNA was from the Streptomyces coelicolor cosmid library, where the genome is divided into a set of 
partially overlapping cosmids (8). The cosmids contain one origin that works in E. coli and resistance 
genes for kanamycin and ampicillin.  
 
The PCR product is transferred into DY380 containing a cosmid with the target gene, and due to 
homologous recombination the target gene is replaced with the linear DNA (figure 2). Special care 
must be taken to ensure that the original template plasmid is destroyed since it is transferred much 
more efficiently than the linear DNA fragment. 

 

 
Figure 2: Homologous recombination in DY380 results in a knockout cosmid where the gene is replaced  
by an antibiotic resistance gene. (not according to scale) 

 
The last step is to transform Streptomyces coelicolor with the cosmid containing the mutation. This 
time the length of the homologous DNA is more than 30 kilobases so recombination occurs at a high 
frequency. A second recombination event either recreates the original cosmid or creates a knockout 
mutant (figure 3). 
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Figure 3. Recombination in Streptomyces coelicolor either recreates the knockout cosmid 
or gives the desired mutant. (not according to scale) 
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Cre recombinase 
In many prokaryotes, several genes share the same promoter, and in some cases their DNA 
sequence may overlap as well. This makes insertion of a resistance gene undesirable since it might 
block both transcription and translation of downstream genes, which could affect the results of the 
experiment. One way to solve this problem is to remove the marker gene altogether to allow 
transcriptional and translational readthrough. To remove the antibiotic resistance gene, it is 
convenient to use the enzyme Cre recombinase.  
 
Cre recombinase is encoded by the phage P1 where it resolves dimers formed during replication in 
the host cell. It recognizes specific loxP sites in the genome. A loxP site is a 34 bp long sequence that 
is recognized by the Cre recombinase. The recombinase recognizes two loxP sites and, if the sites 
have the same orientation, cuts the DNA between them, removing one of the sites in the progress. If 
one of the sites is inverted, the fragment is cut out and religated in an inverted orientation. The 
antibiotic resistance cassettes on the plasmids pLoxCat2 and pLoxGen4 are flanked by loxP sites (7), 
making it possible to remove the cassettes by using Cre recombinase.  
 
Two-component systems 
Many of the systems by which bacterial cells sense and react to environmental signals are called two-
component systems. They are generally characterized by having two proteins, a sensor protein, (input 
domain), situated in the membrane and a response regulator protein. The sensor protein has kinase 
activity (i.e. it can phosphorylate other proteins). The sensor protein detects a signal from the 
environment and, in response, it phosphorylates itself at a specific histidine residue. 
This phosphoryl group is then transferred to another protein inside the cell, the response regulator.  
 
The activated response regulator is typically a DNA binding protein that regulates the transcription of 
one or several gene(s). Other processes can also be regulated; an example is the chemotaxis 
mechanism in bacteria that is regulated by a number of two-component systems. In the hybrid 
histidine kinases the response regulator and the kinase are both part of the same protein. The genes 
chosen for deletion in this project encoded two hybrid histidine kinases, kinY and kinX, as well as the 
response regulator regX. These genes have a unique feature, the presence of a repeated amino acid 
sequence at the 5´end of the gene. A similar motif can be seen in fungal hybrid histidine kinases that 
are involved in the development of hyphae (9).  
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Materials and methods 
Molecular biology protocols followed in general (10). The strains used during the project are shown in 
Table 1. The most important strain is DY380, containing the lambda Red recombination system, 
controlled by a temperature sensitive repressor. Table 2 shows cosmids and plasmids used.  

Table 1. Strains 

Name Genotype Description Ref. 

DH5α  General E. coli strain used to propagate plasmids  

DY380 DH10B λcl857 ∆(cro bio) <>tet E. coli strain containing the exo, beta and gamma genes 
controlled by a heat-sensitive repressor (5) 

GM2929 

Dam-13::Tn9 dcm-6 hsdR2 
recF143 galK2 galT22 ara-14 
lacY1 xyl-5 thi-1 tonA31 
rpsL136 hisG4 tsx-78 mtl-1 
glnV44 leuB6 rfbD MrcA- MrcB- 

E. coli strain producing non-methylated DNA used in 
transformation of Streptomyces  

KF104  E. coli strain producing Cre recombinase controlled by a 
heat-sensitive promotor K. Flärdh 

M145  Wild-type Streptomyces coelicolor  
 

Table 2. Cosmids & plasmids 

Name Description Ref. 

SC4G10 Cosmid containing kinY (8) 

SC7C7 Cosmid containing kinX and regX (8) 

pLoxCat2 Plasmid containing a chloramphenicol resistance gene flanked by  LoxP sites (7) 
pLoxGen4 Plasmid containing a gentamycin resistance gene flanked by LoxP sites (7) 

pN702MK.2 Shuttle vector containing polylinker and neomycin resistance, used for blue/white screening. 
Contains origin of replication for both E. coli and Streptomyces coelicolor  

J.M. 
Fernandez-

Abalos 
pKF27 Plasmid containing kinX and ampicillin resistance genes K. Flärdh 

 
Transformation of E. coli 
Competent cells used for transformations were prepared using the rubidium chloride method. Cells 
were grown from single colonies and incubated overnight at 37°. A small volume was resuspended in 
20 ml LB and grown until OD550=0.480. The cells were put on ice for 5 minutes and spun at 3000 rpm 
for 10 minutes at 4 degrees. The supernatant was discarded and the cells were resuspended in 20 ml 
TFBI and put on ice for 5 minutes. Then they were spun for 3 minutes at 3000 rpm, resuspended in 4 

ml TFBII and put on ice for 15 minutes. Finally 200 µl aliquots were prepared in eppendorf tubes and 

frozen at –80°C. When the cells were transformed they were first thawed rapidly, and then put on ice 

for 10 minutes. DNA was added, and the samples were put on ice for another 30 minutes. The 
samples were heatshocked at 42° for 90 seconds and incubated for one hour at 37° before plating. 
 

TfbI (per 200 ml) TfbII (per 100 ml) 
Compound amount final molarity/conc. Compound amount final molarity/conc. 

Potassium acetate .588 g 30 mM MOPS 0.21 g 10 mM 
Rubidium chloride 2.42 g 100 mM rubidium chloride 0.121 g 10 mM 
calcium chloride 0.294 g 10 mM calcium chloride 1.1 g 75 mM 

manganese chloride 2.0 g 50 mM    
Glycerol 30 ml 15% v/v Glycerol 15 ml 15% v/v 

pH 5.8 with dilute acetic acid pH 6.5 with dilute NaOH 

  Table 3. Recipe making TBFI and TBFII
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Primer design 
Table 4 shows all the primers used during the project.  KF94 and KF95, for amplification of kinY, were 
based on the sequence from the database. Klas Flärdh had previously constructed the primers KF 75-
77 used to amplify the aac(3)IV apramycin resistance gene (1). The primers were ordered from 
Invitrogen. 

Table 4. Primers 

Name Sequence Description 

KF 75 
5’-GTGGGCGGCC GGGCACAGCG 
GTATCGGTCG ACCCCTGCGG 
GAGGGACACA CAGAGGTTTT 
CACCGTCATC AC-3’ 

Amplifies aac(3)IV. Contains a 50 bp tail homologous to 
SC7C7. Works for both the kinX and kinXregX fragment. 
Forward primer. 

KF 76 
5’-GGCGCCGCCA CCCTGCCGCC   
GCCACCGGCT CCGGTGGGCT 
CGCCCGGGG CGCCCTTTCG TCTTCAAGA 
ATTCC-3’ 

Amplifies aac(3)IV. Contains a 50 bp tail homologous to 
DNA flanking the kinX fragment in SC7C7. Reverse 
primer. 

KF 77 

5’-CGCGGAGGCC GCCGCGACGA 
GCCTCACGGG CGGCAGGGC 
ACTCCCGACG GCCCTTTCG 
TCTTCAAGA ATTCC-3’ 

Amplifies aac(3)IV. Contains a 50 bp tail homologous to 
DNA flanking the kinXregX fragment in SC7C7. Reverse 
primer. 

KF 94 

5’- GGTGGTGGGT CCTCGCCGCG 
AGGACCCCGG GAGCGGAAAC 
GAGGGTGCGC GACGGTATCG 
ATAAGCTGG ATC -3’ 

Amplifies the antibiotic casette from pLoxCat2 or 
pLoxGen4. Contains a 50 bp tail homologous to DNA 
flanking the kinY fragment in SC4G10. Forward primer. 

KF 95 

5’- GGGCACCGGC CGGATCGCCG 
GGCTGCTCGG GGGTGCTCAT 
GCGGGCCTCCT CCGGAATA TTAATAGGCC 
TAGG -3’ 

Amplifies the antibiotic casette from pLoxCat2 or 
pLoxGen4. Contains a 50 bp tail homologous to DNA 
flanking the kinY fragment in SC4G10. Reverse primer. 

KF 103 5’-GCTTGTTCAC GTGCTGGAT-3’ Amplifies kinY, forward primer. 
KF 104 5’-TTTCTCCTGG GGACGAATC-3’ Amplifies kinY, reverse primer. 

 
PCR 
PCR amplification was performed using 10µl Q-solution, 5ul 10xPCR buffer, 5µl dNTPs (0,5mM), 2µl 

of each primer (conc. 25µM), 0,25µl Taq polymerase, 2µl template DNA diluted 1:100 in dH20 and 

23.75µl dH20, total volume 50 µl. Program; melting temp. 95°C, 2 min, annealing temp 53°C, 30 sec., 

extension temp 72°C ,5 min, repeated 30 times. The product was purified using “concert rapid PCR 

purification system” from Life Technologies. 

 
Electroporation with PCR product 
The purified PCR product was cleaved by DpnI to degrade the methylated DNA in the pLoxCat2 or 

pLoxGen4 plasmid, heatshocked at 80°C for 20 minutes to deactivate DpnI, and dialyzed against H20. 

The kinX and kinXregX were transformed with the aac(3)IV apramycin resistance fragment and kinY 
with pLoxCat2. DY380 containing the cosmid SC4G10 or SC7C7 was grown in LB + suitable antibiotic 

to OD550=0.4 – 0.6. Approximately 5 ml/transformation was placed at 42°C for 15 minutes, and then 

cooled in ice-cold water. Cells were spun down in a centrifuge (approx 3000 rpm) and the supernatant 
removed. Then the cells were washed 3 times in water, mixed with the PCR product and 

electroporated at 1.6 kV, 25 µF, 200 Ω in 1 mm cuvettes. 1 ml LB medium was added and then the 

cells were incubated for 1 hour at 30°C. After incubation the cells were spread on plates containing 

appropriate antibiotics, and some of the colonies were isolated and grown for DNA extraction.  
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Removal of the antibiotic cassette 
Since the antibiotic cassette might disrupt the transcription of a gene downstream of kinY, it had to be 
removed. To achieve this, the cosmid was extracted from DY380 and transformed into KF104 as 
described earlier. The cells were grown at 42° without antibiotic to express cre and then screened for 
sensitivity. Colonies that were sensitive were grown for DNA extraction and the plasmids cut with 
restriction enzyme SacI to determine if the deletion had been successful. When the antibiotic cassette 
had been removed it was no longer possible to screen directly for resistance, and a more elaborate 
method was used. Colonies containing the cosmid were picked and allowed to sporulate without 
selection. Then they were isolated as individual colonies and grown in YEME for 4 days. DNA was 
extracted using a scaled down version of a method developed by Pospiech and Neumann (1995) (1), 
and colonies were screened by PCR to determine if kinY had been removed from the genome. 
 

Transformation of Streptomyces coelicolor 
The cosmid DNA was transferred into E. coli strain GM2929 using  “PEG-assisted transformation of 
Streptomyces protoplasts with plasmid DNA” (1). GM2929 produces non-methylated DNA that was 
used to transform the Streptomyces wild-type strain M145. Non-methylated DNA is used since 
Streptomyces coelicolor has a very potent methyl-specific restriction system. Resistant colonies were 
isolated and grown in YEME. Total DNA was extracted and a Southern blot was performed according 
to the manufacturers instruction (Boeringer Mannheim) using pKF27 as probe.  The same procedure 
was used to remove the kinY gene, but since the antibiotic cassette might affect a gene downstream 
of kinY, Cre recombinase was used to remove the cassette prior to transformation of Streptomyces 
coelicolor.  
 
Plasmid construction 
Three different plasmids, containing kinY, kinX and kinXregX were needed for the complementation 
studies that would confirm that the mutant phenotypes were caused by the loss of the targeted 
genes.The pN702MK.2 plasmid was digested with HindIII and subjected to phosphatase treatment. 
The kinY gene was amplified by PCR and blunt-end ligated into the pN702MK.2 plasmid. The kinX 
and kinXregX plasmids were cut out by restriction cleavage from the plasmids pKF27using SacI and 
from SC7C7 using PstI, respectively. The restriction fragments and the PCR fragment were treated 
with Klenow enzyme to generate blunt ends on the fragments before ligation into PN702MK.2. 

Ligation mixtures were transformed into E. coli strain DH5α as described earlier, incubated at 37°C 

and spread on X-gal plates. The plasmids containing insert were expected to give white colonies since 
the insert disrupted the lacZ gene in the plasmid. Unfortunately, there was not enough time remaining 
to repeat the experiments. 
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Results  
When the project was initiated, Klas Flärdh had already completed the kinXregX knockout, but it had 
not been verified. Greger Källtorp and I had knocked out the kinX gene on the 7C7 cosmid as 
described earlier during a course in gene technology. First all the cosmids and plasmids that would be 
used during the project were tested by restriction enzyme cleavage (data not shown). All predicted 
bands were present with their correct sizes.  
  
During my exam work I did the following: verified the kinX and kinXregX mutants by Southern blotting 
and performed the knockout of the kinY gene in cosmid SC4G10. I also began constructing plasmids 
containing kinX, kinXregX and kinY to use for complementation studies. The kinY mutants were 
investigated by PCR to amplify the region surrounding the kinY gene, if the gene had indeed been lost 
the PCR fragment would be smaller compared to that of the wild type. 
 
Deleting kinY 
The first step was to replace the kinY gene with the 
antibiotic cassette from either pLoxGen4 or pLoxCat2.  
Figure 4 shows a photograph of a gel analysis of the 
cosmid 4G10 where the kinY gene on the cosmid has 
been replaced with the cat cassette from pLoxCat2. 
After recombination, the DNA was extracted and the 
samples cut using SacI. The recombinants (numbers 
1–5) have one band shifted down approx. 2000 bp, 
from the double band at 10 kb to 8kb compared to the 
original cosmid, reflecting the difference in size 
between the kinY gene and pLoxCat2.  
 
Since the antibiotic cassette affected the transcription 
and translation of a downstream gene, it was removed 
using Cre recombinase. This caused some instability; 
several of the cosmids were subjected to random 
reorganization. This is indicated by the gel analysis in 
Figure 5, where the DNA has been extracted from Cre-
expressing colonies and cut with SacI. Cleaved DNA 
from the original cosmid 4G10 was also included as a 
reference. The three colonies to the right (O4-O6) are 
distinctly different from the other three colonies (O1-
O3). In the correct ones, O1-O3, the band at 8kb has 
shifted to approx 7kb, indicating the loss of the 
antibiotic cassette. Thus, a number of mutant cosmids 
where the antibiotic cassette had been removed were obtained.  

Figure 4. Restriction digest using SacI after 
recombination in DY380. The 10 kb band in 
4G10 is a double band. 

Figure 5. Restriction digest after removal  of the 
antibiotic cassette. The 4G10 pattern is the 
same as in figure 4. 
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To further verify the deletion of kinY, a PCR reaction 
was performed as described earlier. Primers KF103 and 
KF104 were used to amplify the region surrounding the 
kinY gene. The mutant cosmids O1-O3 were selected 
for verification. G1-G3 are transformations of DY380 
containing 4G10 with the pLoxGen4 plasmid, as 
described earlier. The PCR fragments have sizes of 
1300 bp (∆kinY, cosmids lacking kinY without an 
antibiotic cassette) and 2000 bp (∆kinY::aacC1, cosmids 
where kinY is replaced by a gentamycin resistance gene 
from the pLoxGen4 plasmid). The size of the PCR 
fragment indicates that both the kinY gene and the 
antibiotic cassette have been removed from the cosmids O1-O3.  
 
The O1-O3 cosmids were transformed into the E. coli strain GM2929, which produces non-methylated 
DNA. Non-methylated DNA was isolated using a DNA extraction kit from Quiagen. Finally, the non-
methylated DNA was transferred into S. coelicolor strain M145 and colonies containing the cosmid 
were picked for DNA extraction. This screening was possible since the cosmid vector confers 
kanamycin resistance, but since the antibiotic cassette that replaced the kinY gene has been removed 
it was not possible to screen for these mutants directly. Instead, the colonies were allowed to 
sporulate in the absence of antibiotic selection and then plated again too see if they had lost the 
cosmid insert. 144 colonies were plated on SFM plates containing antibiotic and 28 turned out to be 
sensitive. These strains had lost the integrated cosmid and some of them are expected to retain the 
∆kinY mutation on the chromosome. 18 colonies were picked for DNA extraction and PCR, but due to 
time constraints the PCR experiment has not yet been done.     

Figure 6. Confirmation of the cosmid using 
PCR. O1-O3 are PCR fragments generated  from 
the clones O1-O3 as seen in Figure 5. G1-G3 are 
PCR fragments generated from DY380 
transformed with pLoxGen4.  
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Verifying kinX and kinXregX 
 
Figure 7 shows the result from the Southern 
blot experiment, where pKF27 was used as 
a probe for the mutants lacking kinXregX 
(K108, K106) and kinX (S18,S6,K110,K111). 
Strains containing integrated cosmid with 
the ∆gene allele in addition to the gene+ 
allele (i.e. both the mutation and the gene) 
were also included (K105,K107,K109). Parts 
of the pKF27 plasmid are homologous to the 
7C7 cosmid, giving additional bands in the 
samples containing both mutation and 
cosmid, for example the band at 1500 bp. 
Predicted band sizes for the different 
mutants in basepairs are (1033,2712, 3544, 
3572, 7943) for the wild type strain M145, 
(1033, 2712, 3544, 6584) for the kinXregX 
mutant and (1033, 2712, 3544, 7700) for the kinX mutants.  
 
The 7493 bp band, characteristic for the kinXregX gene can be seen in the wild type and in K109. In 
K108 a band of the predicted size (6584 bp) can be seen, the band is not particularly strong since the 
overlap with the probe is short. The ∆kinX mutants have bands at around 7700 bp, but it is impossible 
to determine if they are correct or not since the difference between wild-type and mutant bands is only 
243 basepairs.      
  
 

Figure 7. Southern blot of the KinXregX  and kinX and mutants. 
DNA from mutant S. coelicolor colonies have been cut with PstI. 
PKF27 containing kinX  has been used as probe. 
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Mutant phenotypes 

 

 
Figure 8. Phenotype of wild type and mutant strains of Streptomyces coelicolor, grown 4 days on SFM 
 and R2YE plates. 

All the strains have a wild type phenotype when grown on SFM plates, but when grown on R2YE they 
look different. The kinXregX mutants, (K106 and K108), have almost no aerial hyphae. The kinX 
mutants, (K110 and K111), have slightly reduced aerial mycelium formation. The strain K105, 
containing both the kinXregX mutation and the cosmid has increased growth compared to the 
kinXregX knockout strains, but it does not have the wild-type phenotype. This is probably because a 
fraction of the cells have lost the kinXregX region, either due to homologous recombination or by gene 
conversion. Thus, the parts of the colony that still contained the gene may have developed aerial 
hyphae. K109, containing the kinX mutation and the cosmid has a phenotype similar to K105, most 
likely also because of recombination/gene conversion. What can be seen is that the deletion of both 
kinX and regX gives a strong bald phenotype, with almost no aerial hyphae, whereas the deletion of 
kinX only gives partial loss. A replica plate of the K105 and K109 strains on plates containing the 
antibiotic would reveal if the resistance gene has indeed been lost due to homologous recombination 
or if gene conversion has occurred. 
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Future work 
The kinY mutants have not been verified, and a Southern blot experiment or PCR assay would reveal 
if the target gene has been removed. A second southern blotting experiment also has to be performed 
with the kinX and kinXregX mutants using a different restriction enzyme to determine if the gene has 
been removed. The plasmids that were to be used for complementation studies have not been 
completed due to time constraints. It might also be interesting to determine the sequence of the region 

surrounding the deletion to verify it. 
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Discussion 
This method is simple, fast and efficient. It is useful when doing knockout experiments, but also when 
constructing plasmids since it is possible to use the same antibiotic cassette several times. This 
makes it easier to create more complex constructions. It also permits the removal of several genes, as 
long as the distance between the loxP sites is sufficiently large, there will be almost no unwanted 
deletions between loxP sites left from earlier manipulations, since the removal of that much DNA 
would be harmful to the cell.  

 
Using the cre expressing strain KF104 caused instability, probably because the heat treatment 
induced too high a concentration of Cre recombinase, so it is important to screen enough colonies to 
ensure that the correct clone is isolated. After transformation into Streptomyces coelicolor it is easy to 
isolate the correct clones if antibiotics can be used.  It would be beneficial to have a Streptomyces 
strain expressing Cre recombinase since that would eliminate a step in the process and make it even 
faster. Such a strain is being constructed at the moment but there has been nothing published so far. 
  
The kinXregX mutants had a distinct bald phenotype, meaning that they did not form aerial hyphae. 
The kinX mutants showed a somewhat reduced aerial mycelium formation, but not as severe as in the 
other case. This indicates that at least the regX gene is involved in the formation of aerial hyphae, 
which is an important stage in the developmental life cycle of these organisms (11). 
A group working in England has performed the same deletions as in this project, and they report the 
same phenotypes as seen in this experiment.  
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