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Summary 

 

Staphylococcus aureus is a common community and hospital acquired pathogen. It 

can cause a wide range of diseases from food poisoning to the serious condition of 

bacteremia. It is well equipped to penetrate and infect the host cell, but not all the S. 

aureus strains are virulent. S. aureus is often carried by humans without any 

symptoms. There are many antibiotics that are used as treatments but the resistant 

strains increase every year so there is a great need for effective antibiotics. Fusidic 

acid is an effective antibiotic against staphylococci resistant to other antibiotics. 

During the treatment with fusidic acid there is an increased possibility that resistant 

strains arise. The resistance can develop in two known ways. The first is through 

chromosomal mutations (fusA) in the elongation factor (EF-G). The second depends 

on a plasmid  that carries a gene (fusB) the product of which prevents the antibiotic 

from accessing the target There is also evidence for a third chromosomal mutation, 

different from the first one. The responsible gene for the third mutation has not been 

identified yet (fusC). The aim of this project was to make progress towards the 

identification of the genetic basis of the third type of mutation. 

Appropriate plasmids for cloning were purified and the DNA of S. aureus was 

partially cleaved with the restriction enzyme Sau3AI. The aim was to gain fragments 

around 5kb. After optimizing the digestion procedure the desired fragments were 

obtained, ligated to the appropriate vectors (plasmids) and E. coli cells were 

transformed with the vectors. Useful protocols were developed through the 

optimization of the above procedures. These protocols can be used for further 

investigation like transforming S. aureus (fusC- ) mutants with the wild type genome 
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(fus C+ ) and check for genetic complementation. This project is a first approach for 

the identification of the fus C phenotype.  
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INTRODUCTION 

 

Staphylococcus aureus as pathogen. S. aureus is an important community and 

nosocomial acquired pathogen (6). It is responsible for a wide range of diseases like 

carbuncles, food poisoning, wound related infections and more serious conditions like 

bacteremia, necrotizing pneumonia and endocarditis. S. aureus is a Gram-positive 

bacterial species (1) which means that appears purple after Gram stain. Gram negative 

bacteria appear red with the same stain (11). S. aureus expresses many proteins that 

facilitate evasion of the host immune system or that can damage host cells. Among 

these, S. aureus expresses the cell surface proteins fibronectin and laminin that 

interact with host proteins and help the bacteria gain access to host tissues. In 

addition, expression of protein A, leucocidin and capsular polyssacharides facilitate 

avoidance of host defenses, while toxin proteins can damage host tissues (1). 

 

Virulence of Staphylococcus aureus. Not all S. aureus strains are virulent. 

Staphylococcus aureus is often carried by humans without symptoms of illness or 

disease. For example, 30% of the population in United Kingdom carries S. aureus 

strains in their nostrils (5) without symptoms. Serious S. aureus infections are often 

caused by specific hypervirulent clones that carry a strong selective advantage (5). 

 

Because of the spread and the severity of the diseases that S. aureus causes there is a 

great need for effective antibiotics. The resistance that the microorganism develops is 

a problem and the number of effective antibiotics is being reduced every year. Useful 

antibiotics for which resistance is a problem include penicillin, methicillin, 

vanomycin (6), and fusidic acid. 
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Protein synthesis and fusidic acid reaction. During protein synthesis elongation 

factor EF-G in complex with GTP and the ribosome is required to translocate 

ribosome-bound tRNA molecules from the A and P sites to the P and E sites of the 

ribosome respectively. This process is coupled to the hydrolysis of GTP to GDP on 

EF-G. After translocation EF-G·GDP leaves the ribosome, thus leaving the ribosomal 

A-site empty and permitting a new round of protein elongation to begin (5). The 

antibiotic fusidic acid binds to EF-G when it is on the ribosome and, apparently by 

inhibiting an essential conformational transition, prevents EF-G·GDP from leaving 

the ribosome. This prevents protein synthesis from continuing, resulting in a cessation 

of cell growth (9, 12). Fusidic acid is an effective antibiotic against S. aureus but the 

emergence of resistant strains is increasingly a problem. 

 

Resistance to fusidic acid. Resistance to fusidic acid is known to occur in two ways: 

1. Target mutations altering EF-G: reduced affinity for the target. 

A variety of different mutations in the chromosomal fusA gene that cause amino acid 

substitutions in the target protein EF-G are known to result in resistance to fusidic 

acid (2,3,9). The mechanism of resistance is believed to be reduced affinity for the 

target. 

 

2. Plasmid-mediated resistance: protection of the target 

The plasmid pUB101 carries a gene, fusB, that confers fusidic acid resistance to S. 

aureus (13). The mechanism of resistance is believed to be production of a protein 

that prevents the antibiotic from accessing the target (14). 
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Among spontaneous fusR mutants at least 25 % have no mutations in the fusA gene 

and they do not carry any plasmid. The genetic basis of their mutation is unknown. 

This class of mutants, referred to as fusC, is strongly associated with slow growth and 

low fitness in animal models (12). The level of resistance associated with fusA, fusB, 

and fusC class resistance is approximately the same.  

 

The aim of the project was to identify the genetic basis of the fusC phenotype using 

the approach of gene cloning and genetic complementation. Fusidic acid is not as 

commonly used as other antibiotics for the treatment of S.aureus diseases partly 

because of the frequency with it develops resistance (12). The genetic identification of 

the third type of resistance, fusC, and of its mechanism is important for a better 

understanding of the genetics of S. aureus and might assist in the development of 

more efficient drugs. 
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RESULTS 

 

Preparation of cloning vectors pMP16 and pND50 

The two plasmids, pMP16 and pND50 were prepared from CH264 and CH265 

respectively, as described in Materials and Methods. These plasmids are shuttle 

vectors (capable of replication in both E. coli and S. aureus), and were prepared for 

use as cloning vectors for the preparation of a S. aureus chromosomal DNA library.  

 

Aliquots of each plasmid preparation were cleaved with the restriction enzyme 

BamHI and the cleavage products visualized after agarose gel electrophoresis (Figure 

1). The aim of this digestion was, firstly to determine if the plasmids were sufficiently 

pure to digest with BamHI (to be used in cloning later), and secondly to determine 

from the size of the digested linear form of the plasmids whether the observed sizes 

are in agreement with the published sizes (to support the correct identification of each 

plasmid). BamHI cleavage leaves single-stranded DNA ends that are complementary 

with the single-stranded DNA ends left by Sau3AI. It was planned that the S. aureus 

chromosomal DNA would be cleaved with Sau3AI before ligation to the plasmid 

DNA. 
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Figure 1: Electrophoresis of the purified plasmids. Lane 1,( size marker) ; Lane 2,  undigested  pMP16 

plasmid ; Lane 3, BamHI-digested pMP16; Lane 4,  undigested pND50 ; Lane 5, BamHI-digested 

pND50. 

 

 The linear form of pMP16 is between 6-8 kb while the linear form of pNDP50 is 

between 3-4 kb. These results agree with the published sizes of these plasmids, which 

are 6,414 bp and 3,772 bp, respectively. 

 

 

 

 

Optimisation of restriction digection of S.aureus chromosomal DNA  
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Chromosomal DNA was prepared and purified from S. aureus. The chromosomal 

DNA was of a sufficiently high concentration and purity to be used in the preparation 

of a genomic library. The aim was to make a partial Sau3AI digest of S. aureus 

chromosomal DNA to generate fragments with an average size of ~5 kb. The rationale 

for using partial (incomplete) cleavage was to avoid the possibility that the interesting 

fusC-related gene would be cleaved into separate non-functional parts before being 

ligated into the plasmid vector. The rationale of aiming at an average fragment size of 

~5 kb was to ensure that the fragment sizes to be cloned would be long enough to 

contain all of the genetic information required to make the fusC gene product.  

  

 

Figure 2: Digestion of the S. aureus DNA with different 

amounts of Sau3AI. Lane 1: size marker; Lane 2: 1 µg 

uncut chromosomal DNA control;  Lane 3: Chromosomal 

DNA, 2 µg, incubated with water but no added enzyme;  

Lanes 4,5,6 chromosomal DNA (2 µg) digested with 1,4 

or 10 units of Sau3AI respectively for 30 mins 

 

 

Figure 3: Digestion of 1 µg chromosomal 

DNA with 1 unit Sau3AI for different 

lengths of time (5,10,15,20 or 30 mins for 

the lanes from left to right).  
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To achieve partial cleavage the conditions were systematically varied. Thus, different 

amounts of restriction enzyme (Figure 2) and different lengths of incubation time with 

the enzyme were tested (Figure 3). 

 

As can be seen from Figures 2 and 3, under all of the conditions tested above the 

chromosomal DNA was digested to a size of 2 - 3 kb, much shorter than the 5 kb 

being aimed at. These results suggested two possibilities: (i) that the efficiency of 

Sau3AI enzyme was greater than expected (1 unit of enzyme under optimal conditions 

is supposed to cut 1 µg pure ! DNA in 1 h); or (ii) that the chromosomal DNA , or 

one of the solutions being used, was contaminated with DNase. To test these 

possibilities a series of control digestion experiments were made (described below).  

 

Digestion of S. aureus with multiple enzymes and control digestions 

The S. aureus chromosomal DNA preparation, water, buffer and Sau3AI enzyme 

were examined for the presence of DNAase activity that might cause non-specific 

degradation of the chromosomal DNA under the conditions used for restriction 

enzyme digestion.. The results of one such experiment are shown in Figure 4. 
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Figure 4: Control digestion with multiple enzymes. At the left (size marker and next  1 µg undigested 

chromosomal DNA); Lane 1, 1!g pBR322 plasmid; Lane 2, DNA, buffer, water; Lane 3, DNA, water; 

Lane 4, DNA alone; Lane 5, buffer, water, Sau3AI, no DNA; Lane 6, DNA, buffer, water Sau3AI; 

Lane 7, DNA, buffer, water, EcoRI ; Lane 8, DNA, buffer, water, PstI. The incubation time was 30 

minute. 

 

From this experiment (Figure 4) the conclusion can be drawn that in the absence of 

added restriction enzyme (lanes 1, 2, 3) no significant cleavage of chromosomal DNA 

occurred. This shows that neither the water, the 10 x restriction buffer, nor the 

chromosomal DNA contain DNAase responsible for the observed rapid cleavage. In 

lanes 5, 6, and 7 the influence of three different restriction enzymes on cleavage was 

tested. It can be seen that while both EcoRI and PstI cut the DNA (the thick band was 

reduced in density in lanes 6 and 7), the Sau3AI was more effective in reducing the 

size of the chromosomal DNA (Lane 5). Thus to overcome the problem of achieving 

partial cleavage by finding out the optimum conditions, pBR322 plasmid was cleaved 

with a lower concentration of Sau3AI. 
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Partial Sau3AI digestion of the plasmid pBR322 

Plasmid cleavage was chosen as a control on partial cleavage for two reasons: (i) the 

pattern of full cleavage could be examined to check that the Sau3AI preparation being 

used did not cause non-specific DNA degradation, and (ii) conditions of partial 

cleavage would be easier to establish because it was expected that specific bands of 

different sizes typical of a partial plasmid cleavage would be visible upon agarose gel 

electrophoresis. A standard amount of pBR322 was incubated for 30 min at 370C  

with from 10 down to 0.001 units of Sau3AI. The results are shown in Figure 5. 

 

 

 

Figure 5: Partial digestion of the pBR322 plasmid. From left to right the size marker, plasmid DNA 

incubated without Sau3AI or with 10, 1, 10-1, 10-2 or 10-3   units of Sau3AI.  

 

From the results in Figure 5 the following conclusions can be drawn: (i) between 1 

and 10 units of Sau3AI result in complete cleavage; (ii) 0.1 units of Sau3AI results in 

partial cleavage; (iii) 0.01 – 0.001 units of Sau3AI resulted in no detectable cleavage 
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of pBR322. The overall conclusion is that the restriction enzyme appeared to cleave 

correctly but was more potent than the manufacturer’s information would suggest. 

This information could now be applied in a new attempt to achieve the desired partial 

cleavage of S. aureus chromosomal DNA. 

 

Partial digestion of S. aureus chromosomal DNA and purification from the gel. 

2 !g aliquots of S. aureus chromosomal DNA were digested with 0.1 units of Sau3AI 

for 5, 10, and 15 minutes and  then the products were electrophoresed on a 1% low 

melting temperature agarose gel (Figure 6).  

  

Figure 6: Electrophoresis of the Sau3IA digested chromosomal S.aureus DNA on low melting agarose. 

2 !g DNA was digested with 0.1 unit Sau3IA for 5, 10 or 15 mins as are shown above the figure. 

 

DNA in the size range 5-10 kb was purified from the three lanes of the gel using the 

QIAquick Gel Extraction Kit (Materials and Methods).The extracted DNA had a 

concentration of greater than 40 µg/µl and was stored at -20"C for use in ligation 

experiments with BamHI-cleaved pMP16 plasmid DNA. 

 

Ligation and Transformation 
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Competent cells were incubated with ligation mixes for 2 hours and then plated in 

LB+ampicillin+X galactosidase  (60 !l) plates. After an overnight incubation white 

colonies had been formed on control plates with cells that had been transformed with 

the empty vector. The fact that colonies were formed on plates where ampicillin was 

present indicates that the transformation was successful. On the plates where cells had 

been transformed with the plasmid ligated to with S. aureus DNA only one blue 

colony was formed. The blue colony indicates the "-galactosidase gene had been 

disrupted probably by the insertion of the DNA. This result implies that the ligation 

efficiency was low, probably because the amount of DNA was not enough compared 

with the amount of vector DNA. 

The next step would be to plate again the cells of the blue colony to a new 

LB+amp+X-gal, purify the plasmid from the cells and compare its size with the 

plasmid without the insert. It should have a bigger size. 

 

The target was to achieve a good transformation and ligation efficiency in E. coli and 

then proceed and transform S. aureus. But the ligation efficiency was low so needs to 

be optimized before proceeding to the S. aureus transformation. 

Unfortunately I spent a lot of time on the control experiments and had no time for 

continuing with the cloning part. Now that the information for the digestion exists the 

next step will be to transform S. aureus and check for genetic complementation 

through fast growth. 
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DISCUSSION 

S. aureus is a common pathogen but its genetics is not so well understood and it is not 

as common a model organism for molecular studies as E. coli. The first step to 

approach the aim of this project, which was to make progress in the identification of 

the genetic basis for the fusC phenotype, was to make a S. aureus genomic library in 

plasmid vectors. This library would then be used to transform a mutant S.aureus 

(fusC) selecting for the plasmid (drug resistance) and screening for the 

complementation of the fusC phenotype (fast growth). In order to make an effective 

genomic library of S. aureus it was decided that the partially digested chromosomal 

DNA fragments should be around 5 kb. S. aureus species that have been sequenced 

(S. aureus N315 and S. aureus Mu50) the shortest and longest genes are 141 bb and 

2,670 bp respectively (15). So a 5kb fragment length should be sufficient to clone a 

whole gene without severely reducing the efficiency of cloning. By making a 

complete genome library the possibility of cloning the gene which when mutated 

confers resistance to fusidic acid would be increased. Mutant S. aureus cells with the 

fusC phenotype have slow growth as a secondary phenotypic characteristic. If the 

wild type copy of the gene (fusC+) were cloned into a plasmid vector and transformed 

into a mutant S. aureus (fusC-) resistant to fusidic acid with a slow growth as 

phenotypic, then expectation is that by genetic complementation the recipient cell 

should gain regain its normal growth phenotype. 

 

The restriction enzyme that was used to digest S. aureus chromosomal DNA for the 

purpose of making the genomic library (Sau3AI) is purified from a different strain of 

S. aureus, 3A (product description provided by Amersham Pharmacia Biotech). The 

reason Sau3AI was chosen among other restriction enzymes is that it recognizes a 
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four-base site, so it cuts much more frequently than an enzyme that recognizes six 

bases and more DNA fragments are obtained. 

 In the experiments described in this project the Sau3AI enzyme seems to have a high 

efficiency at digesting both S. aureus genomic DNA and pBR322 plasmid DNA. In 

this work 1 unit of the enzyme was sufficient to digest 2 !g of S. aureus chromosomal 

DNA from an average fragment size of >15kb down to ~2, 5 kb in 30 min. This was 

unexpected because the chromosomal DNA that was used to the experiment was 

probably not as pure (from proteins, cell debris) as the # DNA that is used to define 

unit activity.  

The efficiency of the restriction enzymes can be affected of the restriction 

modification system of the host. This pattern is created by the methylation enzyme of 

the host organism which adds methyl groups at specific bases (cytosine and adenine) 

of the chromosomal DNA either to become protected from the restriction enzymes or 

to correct mismatch errors (10). The methylation pattern is different among species, 

so it is expected that different restriction enzymes digest genomes with different 

efficiencies.  Also, it has been reported that the efficiency of some restriction enzymes 

is influenced by the sequence with different substrates or by the sequences that are 

flanking the cleavage sites (16). For example plasmid DNA may be partially or not at 

all cleaved by restriction endonucleases sensitive to methylation. Different restriction 

enzymes have different sensitivity to methylation. MboI and Sau3AI are restriction 

enzymes from different organisms that recognize the same sequence but digestion of 

GmATC from MboI is completely inhibited while from Sau3AI is unaffected (16). 

So the high efficiency of Sau3AI compared with the other two enzymes that were 

used (BamHI and PstI) can be explained by all the above factors that can affect the 

cleavage of the DNA. 
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After optimizing the digestion and ligation procedures competent E.coli cells 

transformed. The efficiency of ligation was very low suggesting that this procedure 

needed to be optimized before attempting to transform S. aureus. Further experiments 

should be done to establish the appropriate molar ratio of vector-insert for efficient 

ligation to make a good genomic library for transformation.  

In the future this work can be continued by transforming the mutated strain of 

S.aureus (fusC-) with the genome of the wild type stain (fusC+) and then check for 

genetic complementation through fast growth. If some fast grown colonies have arose 

then the plasmid should be purified and the insert examined by DNA sequencing. 

Then alignment of the new sequence against the S. aureus genome will provide a list 

of candidate genes for fusC. 
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MATERIALS AND METHODS  

Strains 

Strains of bacteria are shown in Table 1, and plasmids in Table 2 

Table 1: Bacterial strains  

Strain Relevant characteristics Source/reference 

Escherichia coli 

DH5$ 

F- %80lacZ!"15! (lacZYA- argF) U169 

deoR recA1 andA1 hsdR17 (rk-,mk-) phoA 

supE44 thi-1 gyrA96 relA1 #- 

InvitogenTM  

S. aureus RN4220 r- m+ fusidic acid susceptible  8 

CH264 Escherichia coli DH5$/ pMP16  D. Hughes 

CH265 Escherichia coli DH5$/ pND50  D. Hughes 

 

Table 2: plasmids 

Plasmid Characteristic Source/reference 

pMP16 Fusion of pUC19 and pE194. Size 

6414bp. Origins of replication for both E. 

coli and S. aureus. Select with ampicillin 

in E. coli and erythromycin in S. aureus.  

7 

pBR322 Commonly used E. coli cloning vector. 

Size 4361 bp. Select with ampicillin.  

4 

pND50 Derived from pUC18, pUB110 and 

pC194. Size 3772 bp. Origins of 

replication for both E. coli and S. aureus. 

Select for chloramphenicol resistance.  

17 

 

 



 19 

DNA extraction 

Bacterial growth  

One colony from each strain was incubated with 3 ml Luria-Bertani( LB) liquid 

medium (per liter):10 g Bacto-tryptone , 5 g Bacto yeast extract, 10 g NaCl, pH  7.5, 

with 0.02 mg/ml ampicillin (diluted in water) for CH264 and 0.1 mg/ml 

chloramphenicol (diluted in methanol) for CH265. Incubation was at 370C with 

shaking (~240rpm) for 7.5 h. 100 !l from each culture was inoculated into 100 ml LB 

with the appropriate antibiotics. The cultures were grown as above for 16 h.  

 

Plasmids purification  

The QIAGEN Plasmid Midi kit was used for plasmid purification according to the 

manufacturers’ instructions (QIAGEN Plasmid Purification Handbook, pages 16-18, 

September 2002). At the end of the procedure the plasmid pellet from each strain 

were resuspended in 100 !l of TE buffer (10 mM Tris;Cl ,pH:8. 0. 1 mM EDTA), 

divided into smaller aliquots, and stored at -20"C. Plasmid concentration was 

determined using the Nanodrop. 

 

Large scale chromosomal DNA extraction from Staphylococcus aureus 

A single colony was inoculated into 1ml LB and incubated at 370C with shaking 

(~240 rpm) for 4 hours. The cells were transferred to 100 ml of LB and incubated 

under the same conditions overnight. After incubation the cells were centrifuged at 

~3000 x g for 15 min. The cell pellet was resuspended in 10 ml water and again 

centrifuged under the same conditions. The pellet was resuspended in 1 ml TE buffer 

to which was added 100 !l lysostaphin (10 mg/ml in water), 200 !l lysozyme (40 

!g/!l in water) and 100 !l RNase A (10 !g/!l in water). The solution was incubated 
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for 80 minutes at 370C. After incubation the cells were lysed by adding the same 

volume (1:1) of a 0.2 M NaOH, 1% SDS solution. Immediately after this addition the 

tube was inverted several times, resulting in clearing of the solution. Immediately 

after clearing an equal volume of phenol:chloroform:isoamylalcohol (25:24:1) 

saturated with 1 mM EDTA (pH 8.0) was added and the solution was vortexed 

vigorously to denature proteins and help release chromosomal DNA from cell 

membranes. The white mixture was centrifuged at 3000 x g for 15 min, resulting in a 

clear upper phase, a thick white interphase (protein phase) and a yellow lower phase 

(phenol phase). The upper phase and part of the interphase were transferred by pipette 

to a clean tube and the process was repeated. Altogether five successive phenol 

extractions were performed on the mixture (until the interphase was clear). 1/10 

volume of 3M potassium acetate (about 170 !l) was added to the phenol-extracted 

DNA solution and mixed, followed by the addition of 2.5 volumes 95% ethanol. DNA 

precipitated and became visible as cotton wool like strands. The DNA was transferred 

by pipette to a microfuge tube with 500 !l 75% ethanol and centrifigured (twice) for 2 

mins at 40C at 12000 x g,  in a microcentrifuge. This step is to wash salt from the 

DNA pellet. The washed pellet was resuspended in 1 ml TE buffer, incubated for 60 

min in 700C (to inactivate DNases), vortexed vigorously, then incubated at 40C with 

inversion overnight until the DNA went into solution. Finally, the DNA solution was 

cleaned of material that had not gone into solution by centrifugation three times at 40C 

for 15 min in a microcentrifuge (12000 x g), discarding any pellet after each 

centrifugation. The DNA purity and concentration of this final solution was measured 

by Nanodrop and by agarose gel electrophoresis. The chromosomal DNA was divided 

into small aliquots and stored at -20"C until use. 
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Agarose gel electrophoresis  

Agarose gel electrophoresis  was carried out in 0.5% , 0.6% or 1.0% agarose gels, 

made in 10 mM Tris. HCl, 1 mM EDTA, pH:7,9). The electrophoresis buffer was the 

same. One drop of ethidium bromide per 50 ml agarose gel solutiotion was used to 

visualize the bands after the electrophoresis. For electrophoresis of plasmid DNA 

0.5% agarose gels were used. To examine digested genomic DNA samples, 0.6% 

agarose gels were used unless otherwise stated. Gels were run at 70V for 

approximately 1 h 30 min (variations are noted in the Results section). For each 

restriction digestion product (plasmid or chromosomal) 18 !l of the mix and 2 !l 

loading solution(0.25 % bromophenol blue, 0.25  % xylene cyanol, 15.0 % Ficoll type 

400 in H20), store at room temperature were loaded onto the gel. For uncut 

chromosomal DNA solutions 1 !g DNA, 1 !l loading solution and water to a final 

volume of 10 !l were loaded. Also in each electrophoresis 5 !g kilobase DNA marker 

(Amersham biosciences) was loaded. 

 

 

Restriction digestions 

All restriction enzymes were from Amersham Pharmacia Biotect, Uppsala, Sweden 

and were used as recommended by the manufacturer. 

 

Digestion of S.aureus chromosomal DNA under different conditions  

2 !g of DNA, 10x digestion buffer appropriate for the restriction enzyme, water were 

mixed with different amounts (1, 4 or 10 units) of Sau3IA in a total volume of 20 !l  

and incubated for 30 min at 370C. Also 1 !g of DNA was mixed with 1 unit of 
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Sau3IA , 10x digestion buffer and water as above for different incubation times (5, 

10, 15, 20 or 30 minutes). The incubation temperature was 370C.  

Digestion of S. aureus chromosomal DNA with multiple enzymes  

2 !g of S. aureus chromosomal DNA were digested with the enzymes Sau3AI (10 

units), BamHI (15 units) or PstI (15 units). Controls included the digestion mix 

(DNA, restriction enzyme, buffer, water) (i) without added restriction enzyme; (ii) 

without added buffer or restriction enzyme; (iii) without DNA; and (iv) DNA 

incubated at 37"C alone. The above mixes were incubated for 30 min at 370C and 

then electrophoresed in a 0.6 % agarose gel at 50 V for 2 hours. 

 

Partial digestion of the plasmid pBR322 

1 !g of the pBR322 plasmid was digested with different amounts of Sau3AI enzyme. 

The different amounts were 101, 100, 10-1, 10-2, 10-3 units of enzyme.10x buffer and 

water was added in the digestion mix, to a total volume of 20 !l and the solutions 

were incubated for 30 min at 370C .The samples were electrophoresed in 1% agarose 

at 50 V for 2 hours. 

 

Partial digestion of S. aureus chromosomal DNA with Sau3I  

2 !g amounts of S. aureus chromosomal DNA were mixed with 10-1 units of Sau3AI, 

10x buffer and incubated for 5, 10 and 15 min at 370C. Then the mixtures were 

electrophoresed in 1% low melting temperature agarose. The part of the gel that 

contained DNA fragments around 5 kb was cut from the gel under UV light, and 

purified using a QIAGEN gel extraction kit according to the manufacturers’ 

instructions (QIAQUICK spin Handbook for QIAquick Gel Extraction Kit, July 

2002). After purification the DNA concentration was measured using Nanodrop.  
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DNA Ligation 

100 ng  of BamHI-digested pMP16 DNA was mixed with 30 units of T4 DNA ligase 

(Fermentas AB, Sweden), 2 µl 10x buffer(Fermentas), 0, 50, 100, or 200 ng of a 

Sau3AI partial digest of S. aureus chromosomal DNA, and water to 20 µl final 

volume. The ligation mixtures were incubated for 2 hours at 370C after which the 

enzyme was inactivated by placing the ligation mix at 650C for 10 minutes. 

 

Preparation of competent E. coli (DH5!) cells  

0.5 ml of an overnight culture of  E.coli DH5$ was subcultured in 50 ml of LB and 

incubated at 370C until the OD600 of the culture reached 0.5-0.6 (mid-log phase). After 

chilling on ice for 30 min the cells were centrifuged at ~3000 x g for 10 min. The 

pellet was resuspended in 20 ml of ice cold 0.05 M CaCl2, and the cells were 

incubated for a further 30 min on ice. Then the cells were harvested by centrifugation 

at ~3000 x g for 10 min and resuspended gently in 4 ml of ice cold 0.05 M CaCl2. The 

cells were then ready for transformation. 

 

Transformation  

To 200 !l aliquots of competent cells 10 ng and 50 ng of  ligation mix were added. 

The mixtures were chilled on ice for 10 minutes and then placed at 420C for 2 min 

(heat shock). After the heat shock 800 !l of warm (370C) LB was added to each mix 

and the cells were incubated for one hour at 370C. 100 !l of each mixture was plated 

on LA-ampicillin plates containing 60 !l 2 % X-galactosidase and the cells were 

incubated overnight at 370C. 
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