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Heterologous expression of a putative transcription factor 
controlling sporulation in Streptomyces 

Mikael Persson 

Sammanfattning 

Streptomyces coelicolor hör till ett släkte av vitt spridda jordbakterier. Dessa bakterier är 
industriellt viktiga därför att de producerar en mängd olika antibiotika som vi människor har 
stor användning av. De är mycket svåra att odla på grund av sitt växtsätt. De växer i långa 
förgrenade hyfer (nästan som en tråd av långa celler i rad) som klumpar ihop sig och orsakar 
diverse problem vid storskalig odling. 

Då S. coelicolor skall sprida sig skickar den upp hyfer i luften där dessa plötsligt delas upp i 
ett femtiotal små celler som bildar sporer. Det skulle förenkla odling av bakterien om man 
kunde få hyferna att dela upp sig i mindre celler under sin tillväxtfas. Genom att förstå 
sporuleringsprocessen i grunden hoppas man kunna modifiera bakterien så att den delar 
sönder sina hyfer i mindre celler under tillväxtfasen, dock utan att bilda sporer. Detta 
examensarbete motsvarar en liten bit på vägen mot detta.  

Ett av de regulatoriska proteiner som behövs för att lufthyfer skall bilda sporer heter WhiH. 
Tidigare arbete har lett till hypotesen att WhiH kontrollerar aktiviteten hos en central 
celldelningsgen. För att kunna testa denna hypotes har jag framställt en löslig variant av 
WhiH, något som behövs för vidare försök. 

Examensarbete 20 p i Molekylär bioteknikprogrammet 
Uppsala universitet, januari 2001



 

Introduction 
In the complex life cycle of the bacterial genus 
Streptomyces, sporulation is interesting in that it 
involves a dramatic change of the regulation of cell 
division. Vegetatively, streptomycetes grow as long 
branched hyphae with very long cells that contain 
several copies of the chromosome. For dispersal 
and long-term survival, the streptomycetes form 
aerial hyphae that initially are reminiscent of 
vegetative hyphae, but are then transformed into 
chains of spores through multiple synchronised cell 
divisions (Chater, 1998; 1999). One aerial hypha 
gives rise to about 50 pre-spores that continue to 
differentiate and are released as mature spores, each 
and every one containing a single copy of the 
chromosome. 

It is known that the differentiation of the aerial 
hyphae to spores is regulated by at least six 
regulatory genes called the early whi genes (Chater, 
1998; 1999). These six genes are necessary for the 
multiple cell divisions that divide aerial hyphae into 
pre-spores, and for expression of ftsZ, a gene 
central for cell division in all bacteria (Chater, 
1999; Flärdh, 1999; 2000). The facts of how the 
whi genes regulate sporulation are not well 
characterised, and could have implications for the 
general understanding of bacterial cytokinesis.  

 

 

The ftsZ of S. coelicolor have three separate 
promoters, and it is known that the second one, 
ftsZ2p, is developmentally regulated and required 
for sporulation. Deletion of this promoter gives the 
same phenotype as deletion of the whiH gene 
(Flärdh et al., 2000), which may indicate that WhiH 
directly activates ftsZ2p.  

The WhiH protein shows homology with the GntR 
family of transcription factors in a helix-turn-helix 
domain, which has DNA binding properties in other 
members of the family (Ryding et al., 1998). These 
transcription factors are often autoregulatory, and 
there are strong indications that this is true also for 
WhiH. Studies of the transcription of whiH showed 
significantly increased levels of expression in 
whiH-mutants compared to wild-type S. coelicolor 
(Ryding et al., 1998; Ainsa et al., 2000). 

To put it more clearly, the primary questions 
around WhiH are as follows. Is WhiH a DNA-
binding transcription factor? Does WhiH bind to its 
own promoter, and if it does, where is the binding 
site? Does WhiH bind the developmentally 
regulated ftsZ2p? Expression and purification of the 
WhiH protein would allow the in vitro assays 
necessary for answering these questions to be 
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AGCTTCATA  TC   T  G 
        GTGAGTACCCTT 

AGCTTCAT           T  T        T        T  G  T 
        ATGATGACCGCCGCCCGTTCCGCCGACTCCGGCCTCGCG 

AGCTTCATA    A  G  A     T  T  T  T  T  T     T 
        GTGGAGCCCGAGCTGGGGCGCGTGGGCCGGCGCACCGCG 

Fig. 1 – Engineered forms of the whiH gene, designed for heterologous expression in E. coli. To the uppermost of the 
figure the wild-type sequence of the start of whiH can be seen with the three putative start-sites marked in black. The three 
lower figures show the start of the three different versions of whiH. The bottom sequence shows the original bases and the 

top sequence shows modifications that had been made. In all three cases, NdeI-sites had been created overlapping one of 
the start codons, and codon choice of the first few codons had been optimised for E. coli. These constructs were engineered 
by H. Kim, N. J. Ryding, and K. F. Chater, John Innes Centre, Norwich, UK. 

WhiH219(1234) 

WhiH219(1256) 

WhiH219(1278) 

ATCGGTGAGTACCCTTGCGCACACCATGATGACCGCCGCCCGTTCCGCCGACTCCGGCCTCGCG
AACCCGGGCGAACTCGACCGCTACCCGTACGCGGAGACGCCCGCCGTCGACCGCCTCGGGGCGC
CCTCCTGGGAAGGGGTGGAGCCCGAGCTGGGGCGCGTGGGCCGGCGCACCGCGGGCAACCGTGG 

whiH 



 

performed. 

The whiH gene has three putative start sites, as 
deduced from sequence analysis and homology 
with other transcription factors of the GntR family. 
It is as yet unknown which is used in vivo. Thus 
three different versions of the gene had been 
constructed in a previous attempt to express WhiH 
in E. coli (Kim, H., Ryding, J., and Chater, K.F. 
unpublished). The first few codons of all three 
constructs had also been modified to better fit the 
codon choice of E. coli, and NdeI-sites had been 
introduced at the start codons to allow cloning into 
two pET expression systems, pET11a and pET15b 
(Fig. 1 & 2). The difference between these two 
systems is that the pET15b carries an N-terminal 
His-tag. Unfortunately, it had been discovered that 
these constructs contain a loss-of-function mutant 
allele of whiH called whiH219 (Flärdh, K., and 
Chater, K. F., personal communication; Ryding et 
al., 1998), and this had to be corrected before 
further studies could be performed. 

In this project, the plasmids for expression of wild-
type WhiH, with or without a hexahistidine-tag in 
E. coli have been corrected by site-directed 
mutagenesis. I have also shown that the protein 
mainly is produced in insoluble form in E. coli, but 
a method is presented that allows WhiH to be 
produced in a soluble form for further studies. In 

addition, I have produced PCR products for 
electrophoretic mobility shift assays on the protein. 

Results 
Construction of the whiH expression systems 

Since the existing expression-plasmids based on 
pET11a and pET15b contained whiH constructs 
with only a point mutation causing loss-of-function, 
I used site-directed mutagenesis to correct this 
mutation as described in Materials and Methods 
(Fig. 2). The resulting plasmids were purified and 
subjected to enzymatic cleavage with BstXI to 
make certain that the mutagenesis had been 
successful. BstXI has a recognition pattern that will 
cut the plasmids three times with an interval of 
about 100 bases if they contain the mutant whiH, 
and four times in a corrected plasmid, this time 
with an interval of about 1 kb between the 
recognition site introduced by mutagenesis, and the 

Fig. 3 – Agarose gel electrophoresis of BstXI reactions. Lane 1 
(top and bottom) is a KiloBaseTM DNA marker (Amersham 

Pharmacia Biotech). Among the top lanes, lanes 2 & 3 contain 
pKF50, lanes 4 & 5 - pKF53r, lane 6 – non mutated 
pET11a(H)1234, lanes 7 & 8 – pKF48. Among the bottom 
lanes, lanes 2 & 3 contain pKF49, lane 4 – non mutated 
pET15b(H)1256, lanes 5 & 6 – pKF51r, lanes 7 & 8 – pKF52r, 

lane 9 – non mutated pET15b(H)1278. 

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8 9

1 kb 

1.5 kb 

1 kb 

1.5 kb 
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Fig. 2 – Approximate representation of the pET plasmid constructs. 
The variable region is longest in the 1234 construct, and shortest in 
1278. The sequences below the plasmid show the sequence of the 
whiH gene before (top), and after (bottom) mutagenesis. The 

recognition site for BstXI is marked in black. 

ori 

whiH 

Region of 
variable size 

3×BstXI 

BstXI created by site 
directed mutagenesis  

pET11a(H)/pET15b(H) 

2300 GAGGCCAAGGGGCAGGTCAGCGCTCGCCCC 2329 
2300 GAGGCCAAGGGGCTGGTCAGCGCTCGCCCC 2329 

Mutagenesis 
primers 



 

three 100 base interval sites. The gel of these 
enzymatic cleavages showed that the length of the 
longest segment of the mutated plasmids were 
about 1kb shorter than the longest segment of the 
original plasmids (Fig. 3). In some cases the ~1kb 
segment was also visible on the gel in Fig. 3. This 
pointed to the creation of a new BstXI cleavage site 
inside the whiH gene by the site-directed 
mutagenesis, and indicated that the method had 
been successful. 

However pKF51r, 52r & 53r did not show the 
predicted restriction pattern. This is especially 
evident if one studies the ~1kb segment which is of 
identical size in all these plasmids. It should have 
been longest in pKF51, intermediate in pKF52, and 
shortest in pKF53. Further investigations showed 
that the gene was located back to front in plasmids 
pKF51r, pKF52r, and pKF53r (data not shown). 
This was due to errors in the original plasmids 
obtained from the John Innes Centre, Norwich, 
England. 

Once new pET15b-derived constructs with inserts 
with correct orientation (pKF7, pKF8, and pKF9 
(Flärdh, K. unpublished)) were obtained from the 
John Innes Centre, they were submitted to the same 
site-directed mutagenesis as described above, and 
were likewise treated with BstXI to check the 
mutagenesis (Fig. 4).  

All plasmids that were cut correctly with BstXI 
were sequenced using a primer in the pET-vector 
T7 promoter. The sequences were read for 
approximately the first 400 bases and were found to 
be in accordance with the expected whiH gene (data 
not shown). This confirmed both that the missense 
mutation had been corrected, and that the 
engineered N-terminal whiH codons of the 
expression plasmid were correct. 

Expression of WhiH 

The final constructs (pKF48-pKF53) were 
transformed into the expression strain E. coli BL21 
(DE3), with and without pLysS, for expression 
trials. Initial trials failed, for unknown reasons to 
produce any protein (data not shown). Further trials 
still failed to produce any protein from the pET15b-
plasmid pKF51, but showed expression in the 

pET11a-plasmid pKF48. This last trial did not 
include pKF49, 50, 52, and 53 (data not shown). 

The solubility of the pKF48 product produced in 
BL21 (DE3) was tested, and it was discovered that 
the protein was insoluble (Fig. 5). It is known that 
co-expression with thioredoxin or the chaperons 
GroEL and GroES can enhance solubility of many 
proteins (Yasukawa et al., 1995). It was therefore 
tested whether co-expression from pKF48 or 
pKF51 and pT-Trx or pT-GroE would yield some 
WhiH in the soluble fraction. The pT-Trx strains 
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Fig. 4 – Agarose gel electrophoresis of BstXI cleaved plasmids. 

Lane 1 - λ HindIII, lane 2 & 3 – pKF51, lane 4 & 5 – pKF52, 

lane 6 & 7 – pKF53, lane 8 – a KiloBaseTM DNA marker 
(Amersham Pharmacia Biotech) 

1 2 3 4 5 6 7 8

1.5 kb 
1 kb 

Fig. 5 – Analysis of WhiH expression from BL21 (DE3) pKF48 
using Comassie-stained SDS-PAGE. From the left: lane 1 – total 
cell protein from pKF48, lane 2 – soluble proteins from induced 
cells, lane 3 – insoluble proteins from induced cells, lane 4 - 

soluble proteins from uninduced cells, lane 5 – insoluble proteins 
from uninduced cells, lane 6 – Low Molecular Weight Calibration 
Kit size marker (Amersham Pharmacia Biotech). A star marks 
expressed WhiH. 

1 2 3 4 5 6 

* * 

97 kD 

66 kD 

45 kD 

30 kD 

20 kD 

14 kD 



 

did not express any WhiH protein at all (data not 
shown). The pT-GroE strains, however, produced 
about 1/3 of the expressed WhiH in a soluble form 
(Fig. 6). 

PCR amplification of putative target sites in 
whiHp  and ftsZp 

To see if WhiH binds to its own promoter or to 
ftsZ2p, electrophoretic mobility shift assays can be 
performed. Therefore I designed primers for 
amplification of the promoter regions. These 
primers were designed so that PCR-products would 
include the putative binding sites of WhiH by 
covering an existing inverted repeat (Flärdh, 
personal communication) in each of the promoters 
(Fig. 7). The lengths of the calculated products 
from an amplification reaction using these primers 
are 232 bases for ftsZ, and 187 bases for whiH. 

After thermocycling the obtained products were run 
on an agarose gel to check for successful 
amplification. This confirmed that a reaction had 
taken place, and that the products seemed to be of 
correct length, and relatively pure (Fig. 8). This 
material would be suitable to label and use as 

probes in mobility shift assays. 

Discussion 

Construction of the whiH expression systems 

Although using two vector systems for expression 
meant a significant increase in work and time I 
decided that this was for the best. The pET15b 
plasmids gave the possibility to easily get a product 
high in purity by using the his-tag for purification 
on a nickel column. The pET11a on the other hand 
could be used to get a raw cell extract for the 
electrophoretic mobility shift (EMS) assays which 
could prove useful if something went wrong with 
the pET15b system, or if the his-tag proved to 
render the protein non-functional. 

The correction of the loss-of-function mutation 
could also be performed using two internal 
restriction sites to cut out the damaged part of the 
gene, and replace it with the corresponding wild-
type gene part. However the site-directed 
mutagenesis proved to be an easier approach. 

Alternative solutions to the problem with the 
reversed whiH gene in the pET15b plasmids were 
tried while I waited for the plasmids from the John 
Innes Centre. Both the start and the end of the gene 
have an NdeI site, which could be used to cut out 
the gene, and reverse it. This approach encountered 
problems both in the enzymatic cleavage step, and 
in the ligation. NdeI proved to be a tricky enzyme 
to work with, especially in high plasmid 
concentrations. When it came to ligation, the 
frequency turned out to be appallingly low (data not 
shown). This low frequency could be due to a batch 
of defective ligase, but this has not been explicitly 
proved since I decided to abandon this method 
when the correct plasmids arrived. 

Expression of WhiH 

The initial problems with expression of the pET11a 
derivates were probably due to the actual strains 

1p 

2p 

3pftsQ ftsZ 

KF82 KF83 

whiH 

KF84 KF85 

Fig. 7 – Approximate positions of the PCR primers for amplification of the ftsZ, and whiH 
promoter sites. The whiH promoter used is located on the pKF18 plasmid, and the ftsZ promoter 
region is located on pKF29. 
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Fig. 6 – Analysis of WhiH expression from BL21 (DE3) pT-
GroE pKF48, using Comassie-stained SDS-PAGE. From the 
left: lane 1 – Low Molecular Weight Calibration Kit size marker 

(Amersham Pharmacia Biotech), lane 2 – total cell protein from 
pKF48, lane 3 – soluble proteins from induced cells, lane 4 – 
insoluble proteins from induced cells, lane 5 - soluble proteins 
from uninduced cells, lane 6 – insoluble proteins from 
uninduced cells. A star marks expressed WhiH. 

1 2 3 4 5 6 

* * * 



 

Fig. 8 – Gel run of PCR on whiH, and ftsZ promoters. From 

the left: lane 1 - λ HindIII, lane 2 – whiHp , lane 3 - ftsZp 

1 2 3 

used, since expression was detected as soon as a 
fresh strain was used. The pET15b derivates 
however could suffer from additional problems, but 
the evidence for this is still inconclusive as so few 
colonies could be tested due to time considerations. 

The pKF48 expression with pT-GroE seems to be 
very successful. The relative intensities of the 
protein bands corresponding to the soluble and 
insoluble WhiH seem to indicate that roughly 1/3 of 
the protein is in soluble form. This should give 
enough soluble protein to use in an EMS assay. It 
should be noted though that only the last 
experiment was successful, and that further trials 
would be appropriate. It should also be noted that 
since the pT plasmids are incompatible with pLysS, 
pLysS were not used in the solubility tests. 

Many optimisations remain to be done both in 
expressions of the pET11a derivates, and in the 
search for a method to express the hexahistidine-
tagged protein in a soluble form. 

PCR amplification of putative target sites in 
whiHp  and ftsZp 

The selection of the amplification primers was 
strongly influenced by the need for a short DNA 
fragment for the EMS. The larger the fragment, the 
harder it is to detect the shift. The ftsZp PCR 
product, containing all three ftsZ promoters, had to 
be extended a bit further than that of whiHp due to 
an inverted repeat sequence that exists close to ftsQ 
which could be a target site for WhiH (Flärdh, 
personal communications). When amplifying the 
fragments the Pfu DNA polymerase was used for 
high precision, but primarily to get blunt ended 
DNA, which will more efficiently be radiolabelled 

with 32P than the 3’-OH overhang left by Taq 
polymerase. 

 

A look ahead 

Further investigation should be performed on the 
pET15b plasmids to see if soluble his-tagged 
proteins can be produced. If that is possible, these 
proteins would be preferable to the pET11a 
products since they provide an easy way of 
purifying the protein. 

The pKF49 and pKF50 plasmids should be 
expressed together with pT-GroE to get the two 
shorter versions of the proteins. These proteins can 
then be used for EMS either as a trial before the use 
of purified his-tagged protein, or as a stand-alone 
experiment if the pET15b variants fail to produce 
any protein. 

Other experiments that could be useful would be to 
find the correct start site of whiH. This could easily 
be done using site-directed mutagenesis to create 
stop codons behind the first, and the second 
putative start codon. These whiH variants could 
then be used to try to complement a whiH- strain of 
S. coelicolor. By studying which of the genes 
complement the sporulation defective strain one 
would see which start codon is the correct one. 

Materials and methods 
Bacterial strains and plasmids 

The bacterial strains are listed in Table 1 and 
plasmids are listed in Table 2. 

Table 1 – Bacterial strains used in the project 
Strain Genotype 

E. coli DH5α supE44 ∆lacU169 (φ80 lacZ∆M15) 
hsdR17 recA1 endA1 gyrA96 thi-1 relA1 

E. coli XL-1 Blue recA1 endA1 gyrA96 thi-1 hsdR17 
supE44 relA1 lac [F’ proAB lacIqZ∆M15 
Tn10 (Tetr) 

E. coli BL21 (DE3) E. coli B F- dcm ompT hsdS gal λ(DE3) 
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Preparation of plasmids 

When the purity of the plasmids were essential, 
such as when further experiments were to be 
conducted on them, the CONCERTTM and 
QiagenTM plasmid preparation kits were used. In 
other cases, such as when checks of transformants 
were performed, a method described by Le Gouill 
et al. (1994) was used. 

Site-directed mutagenesis 

This procedure was performed with the 
QuickChangeTM kit from Stratagene according to 
the manufacturers instructions using the 
specifically designed primers KF69, and KF70. 500 
ng template DNA was used. Thermocycling was 
performed on a PTC-100 from MJ Research with 
the following thermocycle. 

Number of cycles Temperature / °C Time 
 1 95 30 s 
12 95 30 s 
 55 1 min 
 68 1 min 
1 4 ∞ 
 
 
 
Oligonucleotides 

Primers were designed using Primer3  
(http://www.genome.wi.mit.edu/cgi-bin/primer/ 
primer3_www.cgi) and ordered from Life 

Technologies. The primers used are listed in Table 
3. 

Restriction enzyme reactions 

All restriction enzyme reactions were made 
according to manufacturer’s methods in the 
presence of 0.01 % (w/v) BSA. Incubation at 
recommended temperature was allowed to proceed 
for at least two hours. 

Gel electrophoresis 

When running gel electrophoresis, 1% agarose gels 

in 1×E buffer (40 mM Tris-acetat, pH 7.8, 1 mM 
EDTA) were used. Visualisations of DNA were 
made after the gels were incubated for 20 minutes 

in a bath of 0.5 µg/ml ethidiumbromide. 

Sequencing 

The Department of Animal Breeding and Genetics 
at the Biomedical Centre, Uppsala University, 
performed Taq dye terminator sequencing on the 
plasmids using the KF71 primer. The sequences 
were run on an ABI 377 sequencer. 

Transformation 

Transformations into E. coli strains were performed 
according to the Chung and Miller (1993) protocol. 

Ampicillin (200 µg/ml) and Chloramfenicol (25 

µg/ml) were used for selection as was appropriate. 
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Plasmid Description Reference 
pET-11a(H)1234 whiH219(1234) cloned in pET11a Kim, H., Ryding, J., and Chater, K.F. unpublished 
pET-11a(H)1256 whiH219(1256) cloned in pET11a Kim, H., Ryding, J., and Chater, K.F. unpublished 
pET-11a(H)1278 whiH219(1278) cloned in pET11a Kim, H., Ryding, J., and Chater, K.F. unpublished 
pET-15b(H)1234 whiH219(1234) cloned in reverse in pET15b Kim, H., Ryding, J., and Chater, K.F. unpublished 
pET-15b(H)1256 whiH219(1256) cloned in reverse in pET15b Kim, H., Ryding, J., and Chater, K.F. unpublished 
pET-15b(H)1278 whiH219(1278) cloned in reverse in pET15b Kim, H., Ryding, J., and Chater, K.F. unpublished 
pKF7 whiH219(1234) cloned in pET15b Flärdh, K., and Chater K. F. unpublished 
pKF8 whiH219(1256) cloned in pET15b Flärdh, K., and Chater K. F. unpublished 
pKF9 whiH219(1278) cloned in pET15b Flärdh, K., and Chater K. F. unpublished 
pKF18 whiH promoter region cloned in pIJ2925 (a pUC-derivate) Flärdh, K. unpublis hed 
pKF29 ftsQ and ftsZ cloned in pIJ2925 (a pUC-derivate) Flärdh, K. unpublished 
pLysS Novagen product Novagen 
pT-Trx plasmid for expressing thioredoxin Yasukawa, T. et al., 1995 
pT-GroE plasmid for expressing GroEL and GroES Yasukawa, T. et al., 1995 
pKF48 whiH(1234) cloned in pET11a This paper 
pKF49 whiH(1256) cloned in pET11a This paper 
pKF50 whiH(1278) cloned in pET11a This paper 
pKF51 whiH(1234) cloned in pET15b This paper 
pKF52 whiH(1256) cloned in pET15b This paper 
pKF53 whiH(1278) cloned in pET15b This paper 
pKF51r whiH(1234) cloned in reverse in pET15b This paper 
pKF52r whiH(1256) cloned in reverse in pET15b This paper 
pKF53r whiH(1278) cloned in reverse in pET15b This paper 

Table 2 – List of the plasmids that were used or produced in this project. 



 

Expression 

Expression strains were grown at 37°C in LB, with 
appropriate selection until the reached an OD600 of 
approximately 0.6. The cultures were then divided 
in two, one expression culture and one control 
culture, and the expression culture was induced 
with 1mM IPTG (final concentration). The cultures 
were then allowed to grow for 2-3 hours.  

The cells were then harvested as described in the 
pET system manual (Novagen) by placing the 
flasks on ice for 5 minutes. They were then 

centrifuged at 5000×g for 5 minutes at 4°C. The 
supernatants were removed, and the cells were 
resuspended in 0.25 culture volumes of 20mM Tris-
HCl pH 7.8. The centrifugation was repeated, and 
the supernatants were removed. The cell pellets 

were then stored at –20°C, or were immediately 
lysed for protein extraction. 

Protein extraction 

When not performing solubility tests, the harvested 

cell pellet was resuspended in a suitable volume 1× 
phosphate-buffered saline to yield a cell 

concentration factor of 10× the concentration at the 

time of harvesting. One volume of 2× Sample 
buffer (100 mM DTT, 2% SDS, 80 mM Tris-HCl 
of pH 6.8, 0.006% bromphenol blue, 15% glycerol) 
was added to the cell mixture. The solution was 

then heated to 70°C for 3 min to lyse the cells, and 
denature the proteins.  

When performing a solubility test, the cell pellet 
was resuspended in ice-cold 20 mM Tris-HCl, pH 

7.5 to yield a 10× concentration of cells. The cells 
were then lysed by sonication performed on a MSE 

100 Watt ultrasonic disintegrator. The sample was 

then centrifuged at 14000×g for 10 min in 4°C to 
separate the soluble and insoluble fractions. The 
soluble fraction was removed, and the insoluble 
fraction was resuspended in 1/2 volume of 20 mM 
Tris-HCl, pH 7.5. The solution was centrifuged at 

10000×g and the supernatant was removed. This 
washing step was then repeated once. The final 
pellet obtained was resuspended in 1 volume of 1% 
SDS with heating, and mixing as necessary to solve 

the pellet. The sample was mixed with 2× sample 
buffer and heated as described above.  

The resulting protein solution was run on 

acrylamide gels or stored at -20°C until a gel run 
was possible. 

These methods were adapted from those described 
in Novagen’s pET system manual that can be 
obtained from their website (http:// 
www.novagen.com/). 

Protein gels 

Extracted proteins were run on SDS-
polyacrylamide gel electrophoresis according to the 
instructions for the BioRad Mini-PROTEAN gel 
electrophoresis system. The gels were run for about 
an hour (until the BFP ran off the gel) at 170V. For 
visualisation Comassie brilliant Blue staining was 
used. 

PCR amplification 

When amplifying the promoter regions of whiH and 
ftsZ, the PTC-200 thermocycler from MJ research 
was used. The reactions were performed with Pfu 
DNA polymerase according to the manufacturers 
(Stratagene) instructions. whiHp was amplified 
using KF82 and KF83 as primers, and 30 ng pKF18 
as template. The ftsZ amplification used primers 
KF84 and KF85, and 50 ng of the template plasmid 
pKF29. 

Number of cycles Temperature / °C Time 
 1 98 45 s 
30 98 45 s 
 55 45 s 
 72 1 min 
1 72 10 min 
1 4 ∞ 
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Primer Sequence Use 
KF69 GCCAAGGGGCTGGT

CAGCGCTCGCC 
Site directed mutagenesis  
primer 

KF70 GGCGAGCGCTGACC
AGCCCCTTGGC 

Site directed mutagenesis  
primer 

KF71 TAATACGACTCACTA
TAGG 

Sequencing primer 

KF82 AGGGTTTGACGACCC
CTCT 

PCR primer whiHp 

KF83 CAAGGGTACTCACGC
ATCCT 

PCR primer whiHp 

KF84 CACTTCGACGTGAGT
GTTGC 

PCR primer ftsZp 

KF85 CCGAACCCTAACGCT
GAAG 

PCR primer ftsZp 

 

Table 3 – Oligonucleotides used in the project 
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