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Abstract 

 

The evolution of antibiotic resistance presents an escalating problem in the treatment of various 

infectious diseases worldwide. Although the origin of antibiotic resistance genes is not generally 

clearly documented, it has been thought that they evolved from specific genetic elements which 

eventually managed to spread to other microorganism of different strains and species through 

mobile genetics elements, transposons and plasmids. Extensively studying all aspects of these 

genes and their impact on the development of new treatments and drugs is of extreme 

importance. This study focuses on evolving and understanding how novel antibiotic resistance 

develops. Error prone PCR (EP-PCR) was used to introduce random mutation in an arr gene 

which confers high level resistance to rifampicin in E. coli. The clones obtained from EP-PCR 

were screened on different antibiotics with varying concentration in an attempt to isolate a clone 

with an increased minimum inhibitory concentration (MIC) as compared to the wild type parent 

strain (pBstN49). 

 

Several clones showed decreased levels of resistance against rifampicin but however none 

showed any significant increase in any of the other antibiotic MICs tested.  
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1. Introduction 

 

1.1. Mycobacterium smegmatis 

 

Mycobacterium smegmatis is an acid fast, bacilli shape member of the phylum Actinobacteria. It 

is generally considered non-pathogenic but is known to cause certain infection especially in 

immunocompromised animals. M. smegmatis is considered to be a “fast-growing” 

microorganism in its genus with the ability to produce visible colonies in 3-5 days on solid 

media. Since M. smegmatis shares similar genes with other pathogenic mycobacteria species and 

grows relatively faster, it is an attractive model organism in molecular biology. It can be readily 

grown in a number of different media and it has been shown to express genes from pathogenic 

species such as Mycobacterium tuberculosis and Mycobacterium leprae. The arr gene studied in 

this work was cloned from M. smegmatis (Quan et al., 1997). 

  

1.2. Antibiotics 

 

The term "antibiotic" was coined by Selman Waksman in 1942 to describe a metabolite that was 

produced by a microorganism which at low concentrations inhibit or kills other microorganisms. 

Various groups of antibiotics exist naturally such as β-lactams and aminoglycosides while other 

groups such as quinolones are created through synthetic means. Antibiotics are divided into 

various sub groups depending on the structure and/or mode of action: sulfa drugs, folic acid 

analogs, β-lactams, aminoglycosides, tetracyclines, macrolides, lincosamides, streptogramins, 

fluoroquinolones, polymixins, rifamycins, mupirocin, cycloserine, aminocyclitols, glycopeptides 

and other functionally related molecules. 

 

1.2.1. Ansamycin antibiotics 

 

Ansamycins are characterized by the presence of an ansa-bridge connecting two separate 

positions of an aromatic nucleus (August et al., 1998). Two distinct aromatic moieties of 

ansamycin have been studied and they are the basis on which these compounds are classified and 
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identified. The first aromatic moiety has a benzene based nucleus while the second group is 

based on a naphthalene nucleus. The latter group includes agents such as rifampicin and other 

rifamycin based antibiotics. Although the benzoquinone and the naphthoquinone ring systems 

are generally regarded as sub classes of the ansamycin antibiotics (Laport et al., 2009) they act in 

a completely different manner on prokaryotes and eukaryotes (Xu et al,. 2003). 

 

  

Figure 1: General structure of rifamycin antibiotics (adapted from 

http://www.lookchem.com/300w/546/5459948.png). The circled region indicates the generalized 

active site of the antibiotic 

 

Rifamycins are a class of antibiotics  which are very effective against bacterial genera such as 

Mycobacterium, Nocardia, Gordona, and Rhodococcus. This makes them useful in treating 

infections associated with these organisms such as tuberculosis and leprosy. This antibiotic class 

was first isolated in 1957 from the bacterium Streptomyces mediterranei (later renamed to 

Amycolatopsis mediterranei in 1960). Several rifamycins were isolated from the culture broth 

and designated as A, B, C, D and E. Through spontaneous expulsion of glycolic acid and 

reduction reactions, rifamycin S and SV were produced (Xu et al., 2003). 

  

The introduction of semi synthetic derivatives of rifamycins (S and SV) such as rifabutin and 

rifapentine has provided a new direction on the treatment of diseases due to Mycobacterium and 
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other related species (Wallace et al., 1995). Rifabutin is a semi synthetic derivative of rifamycin 

S and its mode of action involves blocking the action of DNA dependent RNA-polymerase of 

gram positive bacteria especially Mycobacterium species. It is recommended as a first line 

treatment drug for pulmonary tuberculosis patients and is widely used to treat Mycobacterium 

avium complex (MAC) disease (Brogden and Fitton, 1994).  

 

Rifapentine is a cyclopentyl-substituted rifamycin whose serum half-life is five times that of 

rifampin (Vernon et al., 1999). It has been shown to be more effective than rifampicin at treating 

tuberculosis. However rifampicin resistant organisms usually develop cross resistance to 

rifapentine (Zhang et al., 2011). 

 

 

Figure 2: Chemical structure of rifampicin (adapted from 

http://pathmicro.med.sc.edu/mayer/rifampin.gif). The regions circled indicated the two domains 

which are responsible for the antimicrobial action of rifampicin (Campbell et al., 2001). 

 

1.2.2. Tetracyclines 

 

Tetracyclines antibiotics inhibit the aminoacyl-tRNA from binding to the ribosome during 

protein synthesis. This useful class of antibiotics inhibits protein synthesis by binding to the 16S 
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complex of the 30S ribosomal subunit and thus preventing the charged tRNA from entering the 

A site (Olson et al., 2006). Three different resistance mechanisms against tetracycline antibiotics 

have been characterized to date: enzymatic inactivation, active efflux and ribosomal 

modification. For instance, the plasmid pBR322 has genes that encode a membrane protein 

which can effectively remove tetracycline from the cell (Allard and Bertrand, 1992). 

Tetracyclines (derivatives of polycyclic naphthacene carboxamide) possess four hydrocarbon 

rings. More specifically, they are defined as a subclass of polyketides having an 

octahydrotetracene-2-carboxamide skeleton. 

 

 

 

Figure 3: Chemical structure of chlortetracycline (adapted from 

http://www.lookchem.com/UserFilesUpload/1181-54-0.gif). The circled regions indicate the 

points were the antibiotic interacts with its substrate to reduce/halt its function (Chi et al., 2011) 

 

1.3. Antibiotic resistance 

 

Antibiotic resistance is the innate or acquired ability of a microorganism to survive and thrive in 

the presence of an antibiotic that should be able to kill it or at least interfere with its cellular 

growth and reproduction cycles. Antibiotic resistance evolves via natural selection and is often 

the results of random mutation or lateral gene transfer between two organisms. This phenomenon 

can also be engineered by applying an evolutionary stress on a population under controlled 

laboratory conditions. There are four general types of mechanisms that microorganisms use for 
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antibiotic resistance: Target alteration, drug inactivation, decrease in membrane permeability and 

active exclusion of the metabolite from the cell. 

 

Table 1: Key features of various antibiotics used in this work 

Antibiotic 

name 

Target site Spectrum Class Resistance 

mechanism 

Reference 

      

Rifampicin β-subunit of 

bacterial 

DNA 

dependent 

RNA 

polymerase 

Broad 

spectrum 

Ansamycin Target 

alteration 

Davies and 

Davies, 

2010 

Chlortetracycline Bacterial 30S 

ribosomal 

subunit 

Broad 

spectrum 

Tetracycline Active efflux, 

ribosome 

protection 

(target 

alteration) 

and drug 

inactivation 

Davies and 

Davies, 

2010 

Erythromycin Bacterial 50S 

ribosomal 

subunit 

Gram + 

cocci 

Macrolide Ribosome 

(target) 

modification 

Davies and 

Davies, 

2010 

Streptomycin Bacterial 30S 

ribosomal 

subunit 

Broad 

spectrum 

Aminoglycoside Target 

alteration 

Davies and 

Davies, 

2010 

Kasugamycin Bacterial 30S 

ribosomal 

subunit 

Broad 

spectrum 

Aminoglycoside Target 

alteration 

Davies and 

Davies, 

2010 

Chloramphenicol Bacterial 50S Gram +, Amphenicol Reduced Davies and 
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ribosomal 

subunit 

gram- and 

anaerobes  

membrane 

permeability, 

drug 

inactivation 

and target 

alteration 

Davies, 

2010 

 

 

1.3.1.  Alterations in membrane permeability 

 

Some bacteria have protein receptors on the cell wall which have been found to be involved in 

the translocation of certain substances across the membrane. Sato and Nakae (1991) reported on 

the difference in membrane permeability of Acinetobacter calcoaceticus and Escherichia coli 

which contributes to the resistance of A. calcoaceticus to cephalosporins. 

 

1.3.2. Active efflux 

 

This type of antibiotic resistance involves an energy dependent pump system that actively 

prevents the intracellular antibiotic from accumulating. Many gram-negative bacteria 

communicate by N-acyl homoserine lactose signals called autoinducers (Pearson et al., 1999). 

This communication channels also serve as pump centers to actively removed or accumulate a 

specific substance in the cell. A well-known example of this type of resistance mechanism is 

found in the plasmid pBR322. This plasmid has a gene that encodes a membrane protein that 

removes tetracycline from the cell and prevents it from accumulating intracellular. According to 

a previous study (E Dabbs, personal communication) the expression of arr gene (the focus of this 

work) confers low level resistance to chlortetracycline and spectinomycin in Escherichia coli. 

 

1.3.3. Resistance by target alteration 

 

Two novel mechanisms of macrolide resistance of Pneumococcus species have been described, 

which complicate the inference of the genetic mechanism of resistance based on the phenotype. 
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These two mechanisms involve mutations in the fifth domain (domain V) of the 23s rRNA 

subunit and mutations of two different ribosomal proteins that constitute part of the assembled 

50s rRNA, ribosomal protein L4 and ribosomal protein L22 (Tait-Kamradt et al., 2000). 

Although such mutations preserve the active site, the protein acquires new biophysical properties 

that might not be recognized by the antibiotic thus the effects of the antibiotic on the organisms 

are greatly reduced. This is the principle idea of resistance by target alteration. 

     

1.3.3.1. Rifampicin resistance by target alteration 

 

Several studies indicated there are mutations on the rpoB gene in E. coli (Jin and Gross, 1988), 

M. leprae (Honore and Cole, 1993) and M. tuberculosis (Telenti et al, 1993) that results in an 

altered β-subunit of the RNA polymerase which the antibiotic cannot recognize and bind to 

(Alexander et al., 2003). Such alterations were also observed in rifampicin-resistant 

Mycobacterium tuberculosis and Mycobacterium leprae strains (Quan et al., 1999). Some 

bacterial strains such as Mycobacterium smegmatis do not have mutations on the rpoB gene that 

lead to an altered β-subunit but instead they possess an antibiotic inactivation mechanism that 

involves ADP-ribosylation of rifampicin. The ribosylated antibiotic is reported to have little 

effect on the growth and proliferation of this particular strain at moderate concentrations (Quan 

et al., 1999). 

 

1.3.3.2. Spectinomycin resistance by target alteration 

 

Spectinomycin binds to the 30S ribosomal subunit and interferes with the interaction of mRNA 

and tRNA thus disrupting protein synthesis. Spectinomycin antibiotics have been used to treat 

sexually transmitted diseases such as gonorrhea with success. Besides inactivation of this drug, a 

new form of resistance arose from mutations in the 16S ribosomal rRNA and ribosomal protein 

S5. These mutations lead to an altered 30S ribosomal subunit which can stay active even in the 

presence of this antibiotic (Kehrenberg and Schwarz, 2007). High level resistance has emerged 

in the 16S ribosomal RNA in Pasteurella multocida (Kehrenberg and Schwarz, 2007). 
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Figure 4: Chemical structure of spectinomycin (adapted from 

http://pathmicro.med.sc.edu/mayer/spectinomycin.gif). 

 

1.3.4. Drug inactivation 

 

Some organisms produce enzymes that can inactivate the antibiotic by either degrading or 

changing it to a less or non-effective form. For example, penicillin-resistant strains of bacteria 

often harbor a plasmid that specifies the gene for β-lactamase that destroys the β-lactam ring 

based antibiotics (Mathews et al., 2000; Senda et al., 1996). 

 

1.3.4.1. Decomposition of rifampicin 

 

Decomposition is the most widespread of the four rifamycin inactivation mechanisms and has 

been identified in Nocardia, Rhodococcus and Mycobacterium, (Tanaka et al., 1996) as well as 

Bacillus species (Andersen et al., 1996). These species produce an oxidoreductase enzyme 

(monooxygenase) that catalyses the transfer of a hydroxyl group to rifampicin. The subsequent 

addition of the hydroxyl group is believed to attack the naphthalenyl moiety of rifampicin based 

on its sequence similarity to many monooxygenases acting on phenolic compounds (Hoshino et 

al., 2009). 
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1.3.4.2. Glucosylation and phosphorylation of rifampicin 

 

Glucosylation of antibiotics is a resistance mechanism against macrolides and lincomycin 

antibiotics usually found in Rhodococcus spp and Nocardia spp (Yawaza et al., 1994). It 

involves the transfer of a β-D-glucose moiety to the C23-OH group of rifampicin acceptor to 

produces a less toxic derivative of the antibiotic. Phosphorylation of rifampicin occurs at the 

hydroxyl group at C23 and blocks interaction with the RNA polymerase target (Mayers, 2009).  

  

1.3.4.3. ADP-Ribosylation of rifampicin 

 

Reversible ADP-ribosylation is utilized as an enzyme regulatory mechanism in prokaryotes 

(Baysarowich et al., 2008). The most thoroughly studied example of this type of control 

mechanism is the ADP-ribosylation of the dinitrogenase reductase from Rhodospirillum rubrum. 

This enzyme is one of the key enzymes in the nitrogen assimilation. Nitrogen fixation is costly to 

the microbe therefore this process is under tight control. In the presence of fixed forms of 

nitrogen (ammonia or nitrate salts), the activity of nitrogenase enzyme is rapidly shut off. This is 

achieved by the addition of an ADP-ribosyl unit to the enzyme (Ludden, 1994). ADP-

ribosylation also plays a key role in the mode of action of toxins such as diphtheria and cholera 

toxins. 

 

In the presence of diphtheria toxin the ADP-ribose portion of NAD is transferred to an 

aminoacyl transferase II enzyme (Honjo et al., 1968). Following the subsequent ADP-

ribosylation of this enzyme, the assembly of amino acids into a polypeptide chain is 

compromised. Cholera toxin (choleragen) also catalyzes the hydrolysis of NAD to ADP-ribose. 

Moss and Vaughan (1977) have previously demonstrated that choleragen and its α-promoter can 

catalyze the hydrolysis of NAD to ADP-ribose and nicotinamide (Morisaki et al., 2000). This 

NADase activity is analogous to that exhibited by the α-fragment of diphtheria toxin, which has 

been shown to inhibit protein synthesis through an NAD-dependent ADP-ribosylation of 

elongation factor II (Moss and Vaughan, 1977). ADP-ribosylation can also be used to inactivate 

or modify an antibiotic to reduce its toxicity and effectiveness against the host organism. 
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There are bacterial species that possess the ability to add a functional group to rifampicin which 

reduces its toxicity and effectiveness towards the organism. Studies (Quan et al., 1999) showed 

that rifampicin is modified to give a glucosylated or phosphorylated derivative in pathogenic 

Nocardia spp. A variety of other Mycobacterium strains such as M. smegmatis DSM43756, M. 

chelonae subsp. abscessus, M. flavescens, M. vaccae, and M. parafortuitum as well as Gordona 

and Tsukamurella strains have the ability to inactivate rifampicin by ribosylation (Imai et al., 

1999). ADP-ribosylation of rifampicin happens on oxygen (O) atom at position C23 as opposed 

to a nitrogen (N) atom in the protein acceptors of various bacterial toxins mentioned above. 

Mono ADP-ribosyltransferases are predominantly found in prokaryotes while poly ADP-

ribosyltransferases in eukaryotes (Hottiger et al., 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Chemical structure of ADP-ribosylated rifampicin (adapted from Imai et al., 1999). 
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As rifampicin is a compound that is of semi-synthetic nature (Baysarowich et al., 2008), it is 

surprising that enzymes that act on this compound in preference to the natural product (rifamycin 

SV) exist. 

 

Due to the recent emergence of extreme drug resistant pathogenic strains, like M. tuberculosis 

(Daley and Caminero, 2013), it is clear that antibiotic resistant is going to be a huge problem if 

the appropriate treatment is not implemented soon. To archive this, information regarding the 

sub-cellular interactions of the pathogenic strains needs to be collected in an attempt to facilitate 

the development of better and more efficient drugs to treat the infections.  

 

1.4. The arr gene 

 

ADP-ribosylation is a post-translational modification of primary proteins and/or antibiotic and is 

involved in various metabolic processes including carcinogenesis (Lakadong et al., 2010). ADP-

ribosylation is catalyzed by ADP-ribosyltransferase. These is achieved through the catalysis and 

transfer of nicotinamide adenine dinucleotide (NAD) and adenine diphosphate ribose (ADPR) 

respectively, hence the transfer of the ribose moiety to an acceptor molecule which could be 

either protein or an antibiotic (Dabbs et al., 1995). The ribosylation of proteins in prokaryotes 

usually leads to the production of potent toxins in species such as Corynebacterium diphtheriae 

(diphtheria toxin), Pseudomonas aeruginosa (exotoxin A and exoenzyme S), Vibrio cholera 

(cholera toxin), Escherichia coli (labile toxin) and Bordetella pertussis (Bordetella pertussis 

toxin). 
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Figure 6: Crystal structure of ADP-Ribosyltransferase (adapted from Baysarowich et al., 2008). 
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2. Justification 

 

The emergence of antibiotic resistant strains is becoming a huge problem especially in 

pharmaceutical and medical industries. Antibiotic resistance is mainly driven by the selective 

pressure imposed on the particular organism. This is usually the result of inadequate exposure to 

an antibiotic from which a few cells from the bacterial colony managed to survive and recover 

over time, acquiring resistance towards the antibiotic. Mycobacterium tuberculosis, the causative 

agent for tuberculosis (TB), has been documented to have multiple drug resistant strains. 

Tuberculosis is now attributed to a number of countries worldwide losing up to 7% of their GDP 

(World health organization (2009): fact sheet on tuberculosis). 

 

Antibiotic resistance can either be passed on between different bacteria (on a plasmid, 

transposons or acquiring free/naked DNA from the environment for example) or can result from 

a mutation in the genetic makeup of the organism. This research aims at the development of such 

resistance from a mutation in a specific gene (arr gene). Understanding how this process 

happens will assist in the development of new or more effective drugs to treat the infection the 

particular strain causes 

 

2.1. Specific objectives 

 

 arr gene expression in E. coli 

 Random mutagenesis of the arr gene 

 Screening for increased/decreased resistance on alternative antibiotics 

 Select and sequence clones with altered minimum inhibitory concentration (MIC) values  
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3. Materials and methods 

 

3.1. Bacterial strains and plasmid vectors used 

 

Table 2: Bacterial strains and plasmid vectors used in this work 

 Phenotype/Markers Source 

Bacterial strain   

   

Escherichia coli MM 294-4 Nal
R 

, end A1, hsdR17, gyrA ER Dabbs 

Bacillus subtilis 1 A3-1 Spc
R
 rifampicin assay organism ER Dabbs 

Rhodococcus erythropolis SQ 1 Cam
S
, increased 

transformability 

ER Dabbs 

   

Plasmid vectors   

   

pGEM lac Z' gene, Sp6 and T7 RNA 

polymerase promoters, Amp
R
 

ER Dabbs 

pBstN49 pGEM with arr gene insert. Rif
R
 Quan et al., 1997 

pGEM T-Easy lac Z' gene, 3´ thymidine over 

hangs, Sp6 and T7 RNA 

polymerase promoters, Amp
R
 

Promega 

 

 

3.2. Plasmid isolation 

 

This procedure was carried out by growing a single colony of the bacterial strain in LB (see 

appendix A) supplemented with 100 µg/ml of ampicillin and 100 µg/ml of nalidixic acid (see 

appendix A) overnight at 37°C. Aliquots of 1.5 ml were transferred to Eppendorf tubes and 

microfuged for 2 min at 13000 rpm using a Sigma 1-14 microfuge. The pellet was resuspended 

in 100 µl of solution I (see appendix A) and left for 2 min after which 200 µl of solution II (see 
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appendix A) was added and the mixed by gentle inversions. A volume of 200 µl of a pre-chilled 

solution III (see appendix A) was added and the mixture shaken vigorously then chilled in ice 

water slurry for 5 min. The solution was microfuged for 5 min at 4°C. The supernatant was 

transferred to a clean Eppendorf tube and warmed up to 42°C. A volume of 250 µl of 

isopropanol was added and left at room temperature for 5 min and microfuged for 5 min. The 

pellet was washed with 150 µl of 96% ethanol and dried at 42°C for 20 min. The dry pellet was 

then resuspended in 100 µl sterile distilled water (sdH2O) and 10 µl of RNAse stock solution 

(see appendix A) was added. The solution was incubated at 65°C for 10 min then chilled on ice. 

 

3.3. Transformation (E. coli) 

 

A single colony of E. coli MM294-4 was grown overnight at 37°C in LB (see appendix A) 

supplemented with 100 µg/ml of nalidixic acid (see appendix A). 200 µl of the pre-grown culture 

was added to 20 ml of LB and 200 µl of 20% glucose (see appendix A) and incubated at 37°C 

for 1 hr 45 min to 2 hr 15 min. The culture was cooled in ice water slurry for 5 min. The culture 

was transferred to a JA-20 centrifuge tube and centrifuged at a speed of 10000 rpm and 

temperature of 4°C. The pellet was resuspended in half the volume (10 ml) of CaCl2-Tris buffer 

and put on ice for 15-30 min. The cells were recovered by centrifugation at 10000 rpm for 5 min 

at 4°C. The pellet was resuspended in 1/15 volume (1.33 ml) of CaCl2-Tris buffer (see appendix 

A) and left on ice for 2-24 hr to induce competency. The competent cells were then mixed with 

the transforming DNA vector in a clean sterile Eppendorf tube at a ratio of 5:1 respectively and 

put on ice for 15-30 min. The cells were then heat shocked at 42°C for 90 sec. 500 µl of LB was 

added and the cells incubated at 37°C for 1 hr. The transformants were spread plated on LA (see 

appendix A) which has been supplemented with the selected screening antibiotic. 

 

3.4. Gel electrophoresis 

 

Agarose stock solutions (0.4x, 0.8x and 1.0x) were prepared in 0.5x TBE (see appendix A). After 

heating the appropriate stock solution so as to liquefy it, a volume of 50 ml of the agarose was 

poured into a conical flask and 5 µl of 1% ethidium bromide was added and mixed. The agarose 

was poured into a gel tray with the appropriate comb inserted and left at 4°C for 20-30 min. The 
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gel was transferred to a gel tank containing 0.5x TBE (see appendix A) and the comb removed to 

expose the wells. The molecular weight marker and the samples to be analyzed were loaded into 

the sequential wells with 2-5 µl of tracking dye (see appendix A) added to each sample with 

exception to the molecular weight marker. The electrophoresis was conducted with a power 

source at 100 V at room temperature for 1 hr or until adequate separations has been achieved and 

the gel was viewed with the Biorad Gel-Doc system. 

 

For low melting agarose gel electrophoresis, stock solution of 0.8% low gelling agarose was 

prepared in 0.5x TBE (see appendix A). A volume of 40 ml was poured into a conical flask and 4 

µl of 1% ethidium bromide was added. The gel was polymerized at 4°C for 20-30 min. The gel 

was transferred to an electrophoresis tank with chilled 0.5x TBE. The samples were loaded with 

the tracking dye and the electrophoresis run at 80 V at 4°C for 1 hr or until adequate separation 

has been achieved. The gel was viewed with the Biorad Gel-Doc system 

 

3.5. DNA manipulation techniques 

 

3.5.1. Phenol-chloroform isolation 

 

Following the isolation of plasmid DNA a phenol-chloroform extraction would be performed. 

The volume of the plasmid DNA solution was filled to 300 µl with TE buffer (see appendix A) if 

it was less. One third volume (100 µl) of phenol solution was added and the tubes were mixed by 

ten inversions. The mixture was centrifuged at 13000 rpm for 3 min after which the top layer was 

transferred to a new Eppendorf tube and the procedure repeated two to three more times with the 

sequential additions of 10 µl of 1 mM Tris-HCl buffer (see appendix A) between the transfers. 

The solution was centrifuged and the top layer transferred to a new Eppendorf tube. Twice the 

volume (600 µl) of chloroform was added and the tubes mixed by ten inversions. The solution 

was centrifuged at 13000 rpm for 5 min and the top layer was treated with salt-ethanol 

precipitation technique outlined in 3.5.2. 
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3.5.2. Salt-ethanol precipitation 

 

The plasmid DNA was precipitated by adding half volume of 1 M NaCl (see appendix A) and 

two fold volume of 96% ethanol. The DNA was left to precipitate out at -20°C overnight and 

pelleted at 13000 rpm for 30 min at 4°C. The supernatant was discarded and the pellet dried for 

20 min at 42°C. The dry pellet was resuspended in 100 μl of sterile distilled water. 

 

3.5.3. Ligations 

 

The ligations were done by adding the appropriate vector and insert at a ratio of 1:5 – 1:10 

respectively. Ligase buffer and ligase enzyme (both supplied by Promega) were added to the 

concentrations outlined by the manufacturer in the instruction protocol. 

 

3.5.4. Cloning of EP-PCR products (TA cloning) 

 

The cloning of EP-PCR (error prone PCR) products was carried out by a TA cloning technique 

with the Promega pGEM T-Easy cloning vector kit. Prior to cloning, the pGEM T-Easy vector 

was briefly microfuged and the 2x ligation buffer vigorously vortexed to ensure they are properly 

mixed. The ligation buffer, vector (pGEM T-Easy), EP-PCR product and T4 DNA ligase (3 

Weiss units/µl) were added at volumes of 5, 0.5, 3 and 1 µl respectively. The mixture was filled 

upto 11 µl with sdH2O and incubated overnight at 4°C. The ligation mixture was boiled for 10 

min at 65°C and placed on ice or stored at -20°C until needed. 

 

3.6. Gel extraction 

 

3.6.1. Low melting agarose extraction 

 

Following low melting agarose gel electrophoresis, the required band was excised using a scalpel 

under UV light and place in an Eppendorf tube. The tube was heated to 65°C in a water bath so 

as to melt the agarose gel. The liquefied gel was subjected to phenol-chloroform isolation 

followed by salt-ethanol precipitations as stated in 3.5.1 and 3.5.2 respectively. 
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3.6.2. Freeze-squeeze gel extraction 

 

Following gel electrophoresis, the required band was cut out using a scalpel under UV light and 

transferred into an Eppendorf tube. The agarose containing the desired band was crushed and 

frozen at -70°C for 30 min then thawed at room temperature. The Eppendorf tube was 

centrifuged for 6 min at 13000 rpm and the supernatant was transferred to a new tube. The pellet 

was again crushed, frozen, thawed and centrifuged. The supernatant from the second round was 

pooled together with the one from the first round and subjected to phenol-chloroform and salt-

ethanol precipitation as in section 3.5.1 and 3.5.2. 

 

3.7. Inactivation assays 

 

The ability of the clones to inactivate rifampicin was assayed using the plate inactivation 

method. In order to achieve accurate results two approaches were adopted for this purpose: In 

vitro and In vivo inactivation assay. The former refers to using sub-cellular components of a 

bacterial cell to assess the effect/impact of an experiment while the latter refers to using intact 

bacterial cells to obtain a similar objective. Living organisms contain a complicated system of 

metabolic pathways, proteins, nucleic acids, other organic and inorganic compounds which all 

interact to sustain life. Since in vitro inactivation assay requires disrupting or even killing the cell 

to get to the intracellular components, it is easy to come to a wrong conclusion when analyzing 

the results obtained from this assay. However it offers a simplified module to study and 

extrapolate data on a specific intracellular component without interference. In vivo inactivation 

assay, however, uses intact cells to observe the overall effect on the whole cellular metabolic 

pathways. This assay is more preferred in molecular biology since it gives a better picture of how 

the organism will react to a particular stressor or stimulant. For the purpose of this study both 

methods were used to study the effect of random mutagenesis of the arr gene on rifampicin 

resistance 
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3.7.1. In vitro inactivation assay 

 

The clone containing the required plasmid was cultured in LB supplemented with 100 µg/ml of 

ampicillin (see appendix A) and 100 µg/ml of rifampicin (see appendix A) overnight at 37°C. 

The cells were harvested at 15000 rpm in a JA20 rotor for 15 min. The pellet was washed twice 

with sonication buffer and resuspended in 1 ml sonication buffer. The cells were sonicated for 10 

sec 4 times over ice in Eppendorf tubes and the homogenate recovered at 15000 rpm for 5 min in 

a JA20 rotor. The following reaction mixture was setup: 

 

Table 3: Reaction mixture for In vitro inactivation assay 

Reagent Volume (µl) 

  

Sonication Buffer 31.5 

Antibiotic (10 mg/ml of Rif) 1.5 

Co-factor (NAD or UDPG) 15 

Co-enzyme A 15 

MgAc (2 mM) 15 

Glutathione 7.5 

LDR 6 

Cell homogenate 58.5 

    Total Volume    150 µl 

 

The reaction mixture was incubated for 14-16 hr at 37°C and boiled for 10 min. A volume of 65 

µl was added to the wells of a bioassay plate (half agar plates spread with a confluent growing 

Bacillus subtilis culture) then incubated at 4°C for 4 hr and 42°C for 4-5 hr and finally at 37°C 

overnight. 
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3.7.2. In vivo inactivation assay 

 

The clone containing the required plasmid was cultured in LB supplemented with 100 µg/ml of 

ampicillin and 100 µg/ml of rifampicin overnight at 37°C. The reaction mixture was setup as in 

table 4 below. 

Table 4: Reaction mixture for In vivo inactivation assay 

Reagent Volume (µl) 

  

Sonication Buffer 31.5 

Antibiotic (10 mg/ml of Rif) 1.5 

Co-factor (NAD or UDPG) 15 

Co-enzyme A 15 

MgAc (2 mM) 15 

Glutathione 7.5 

LDR 6 

Pre-grown culture 58.5 

    Total Volume    150 µl 

 

The reaction mixture was incubated for 14-16 hr at 37°C and boiled for 10 min. A volume of 65 

µl of the reaction mixture was added to the wells of a bioassay plate (half agar plates spread with 

a confluent growing Bacillus subtilis culture) then incubated at 4°C for 4 hr and 42°C for 4-5 hr 

and finally at 37°C overnight  

 

3.8. Random mutagenesis 

 

3.8.1. The polymerase chain reaction (PCR) 

 

The polymerase chain reaction is a molecular biology technique that uses the natural process of 

DNA replication to amplify copies of a DNA template. The newly synthesized copies serve as 

templates for the next cycle and these results in an exponential amplification. In theory, a single 
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copy of DNA will generate over a million copies of DNA in twenty amplification cycles. PCR 

works in a three step manner: denaturation, annealing and elongation. 

 

During denaturation, the DNA is heated to its melting points so as to separate the two strands to 

allow for primer annealing. In vivo, this process is facilitated by enzymes such as DNA helicase 

and DNA binding proteins. After primer annealing at cooler temperatures, the Taq DNA 

polymerase is allowed to catalyze the elongation of the two respective strands using the parent 

strand as the template. PCR employs a heat stable Taq polymerase isolated from Thermus 

aquaticus since it uses high temperatures to denature the native DNA. 

 

To achieve high and efficient amplification of the target DNA the conditions within the reaction 

mixtures and the environment were the PCR reaction proceeds need to be optimized. Usually this 

involves addition of precise concentrations of Mg
2+

 ions and buffered solutions to the reaction 

mixture. 

 

3.8.2. Error prone PCR 

 

Often when probing the structure or function of a protein or nucleic acid, a library of mutant 

strains is generated and the desirable strains selected by a specific screening method (Cadwell 

and Joyce, 1994). The substitution of Mg
2+

 ions with Mn
2+

 ions is one of the factors that can 

greatly reduce the fidelity of the DNA polymerase leading to more random base substitutions. 

The error rate of Taq polymerase is the highest of the known thermostable DNA polymerases, in 

the range of 0.1 x 10
-4

 to 2 x 10
-4

 per nucleotide per pass of the polymerase, depending on 

reaction conditions (Cadwell and Joyce, 1994). 
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3.9. Error prone polymerase chain reaction (EP-PCR) 

 

Error-prone PCR was conducted under the parameters shown below in tables 5, 6 and 7 below.  

 

Table 5: The reaction mixture used for EP-PCR 

 Concentration of 

stock solution 

Volume added (µl) Concentration in final 

mixture (50 µl) 

    

sdH2O - 30.75* - 

Taq buffer 10x 5.0 1x 

MgCl2 25 mM 3.0* 1.5 mM* 

MnCl2 50 mM 0.0* 0.0* 

dNTP’s 2 mM 5.0 200 µM each 

DMSO - 2.0 4% 

Forward primer 100 µg/µl 1.0  

Reverse primer 100 µg/µl 1.0  

Template DNA 100 ng/µl 2.0  

Taq polymerase 5 units/µl 0.25 1.25 units 

 

*These volumes were varied (as shown in table 6 below) to exploit the error rate of Taq 

polymerase but keeping the total reaction mixture volume constant at 50 µl. 
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Table 6: Different conditions used for EP-PCR 

 

Conditions 

MnCl2 (50 mM) MgCl2 (25 mM) sdH2O 

Concentration 

(mM) 

Volume 

(µl) 

Concentration 

(mM) 

Volume 

(µl) 

Volume added 

(µl) 

      

1 0.5 0.5 1.0 2.0 31.25 

2 0.5 0.5 1.5 3.0 30.25 

3 0.5 0.5 2.0 4.0 29.25 

4 0.5 0.5 7.0 14.0 19.25 

5 1.0 1.0 1.5 3.0 29.75 

 

Table 7: The temperature profiles used for EP-PCR 

Cycle Temperature (°C) Duration (Sec) 

   

1. Taq polymerase activation 95 180 

2. Denaturation 95 30 

3. Annealing 60 40 

4. Extension 72 30 

5. Final extension 72 600 

6. Holding step 4 ∞ 

 

 

3.10. Minimum inhibitory concentrations (MIC) 

 

The minimum inhibitory concentration was determined by spot testing. Different concentrations 

of antibiotics (kasugamycin, spectinomycin, chlortetracycline, erythromycin and 

chloramphenicol) were prepared in a LA plate and dried for 48 hr at 37°C. A single colony from 

freshly grown clones/strains was placed in the wells of a spot test plate (replica plate) filled with 

100 µl of sterile distilled water. A sterile 16 point inoculating pad was dipped into the plate and 

placed on the LA-antibiotic plate for 10 sec. This process was repeated for the other antibiotic 
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concentrations and all the LA-antibiotics plates were incubated at 37°C for up to 72 hr. The 

confluency of growth was assessed. 

  

3.11. Marker rescue technique 

 

Marker rescue technique was performed to screen a large number of clones for any increase in 

the minimum inhibitory concentration (MIC) of different antibiotics. Following transformation 

of E. coli MM294-4 with the PCR product of interest, the pool of colonies found on the selective 

media (LA supplemented with ampicillin) was washed off with 5-10 ml of LB into a sterile 

conical flask. The cells were grown at 37°C for 4-6. The plasmid DNA was extracted using the 

alkaline lysis method as stated in section 3.2. The isolated DNA was used to transform E. coli 

MM294-4 as stated in section 3.3. Aliquots of 100-500 µl of the cells were spread on increasing 

concentration of the antibiotic in question. A concentration of 100 µg/ml of ampicillin was added 

to all the LA plates to maintain the plasmid. 

 

3.12. DNA sequencing and analysis 

 

Sequencing was done by Inqaba Biotech and the sequencing results analyzed and edited by Finch 

TV (see section 4.5). To align regions with similarities between the clones and/or the parent 

strain, Basic Local Alignment Search Tool (BLAST) and Pairwise alignment tools (from sources 

listed in table 8 below) were used with the tools default parameters setup by the respective 

programmes. These programmes work solely by looking for sequences that match or closely 

resemble the query sequence. 

The FASTA programme was used to search and compare the protein sequence specifically with 

those already on the database while the translation of the sequenced nucleotides to a protein 

sequence was done using ExPASy proteomics Server with the default parameters as well. 
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Table 8: Programmes used for DNA sequence analysis and alignments 

Programme Address 

  

BLAST http://www.ncbi.nlm.nih.gov/BLAST/ 

FASTA http://www.ebi.ac.uk/fasta33/ 

ExPASy Proteomics Server (Translate 

tool) 

http://www.expasy.ch/tools/dna.html 

Pairwise alignment http://www.ebi.ac.uk/Tools/emboss/align/index.ht

ml 

Gene search http://www.ncbi.nlm.nih.gov/ 
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4. Results and Discussion 

 

4.1. Plasmid DNA isolation and purification 

 

This procedure was carried out as stated in section 3.2 above. The plasmid DNA isolated and 

used in for error prone PCR is pBSTN49 plasmid. It was derived from ligation of a 

Mycobacterium smegmatis arr gene into pGEM cloning vector (see appendix B). Upon 

completion of plasmid DNA isolation, as in section 3.2, the pBSTN49 plasmid was run on a 

0.8% agarose gel electrophoresis and visualized under ultraviolet light using the Biorad Gel-Doc 

system. Upon visualization the present bands were compared to known standards from a 

Fermentas 1 kb gene ruler.  

 

4.2. Error prone PCR 

 

Error prone PCR was conducted as shown in table 5 and 6. The aim of this experiment was not to 

change the sequence such that it bears no similarity to the donor sequence but rather to simulate 

natural selection in introducing fewer random mutations. The correct error rate is crucial in a 

directed evolution project because protein functionality has to be maintained to some extent. In 

establishing the ideal/optimum EP-PCR condition in terms of mutations introduced, a 0.7% error 

rate was targeted for this study (Cline et al., 1996). Given that the arr gene is about 432 bp, a 

0.7% error rate would result in no more than 3 nucleotide changes per clone. This would result in 

a rather moderate probability of amino acid change. The total number of simultaneous base 

changes that results in amino acid change can be calculated by (Patrick et al., 2003): 

 

     Vx =  3
x
N!    . 

      x!(N – x)! 

 

were x is the number of nucleotides that will be changed simultaneously and N is the sequence 

length. It was found that the optimal condition in terms of inducing random mutagenesis was 

condition 2. However, condition 3 was found to be too drastic producing 13 to 16 nucleotide 
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changes. The results show that an increase in the concentration of Mn
2+

 ions compromises the 

fidelity of Taq polymerase. Concentrations above 0.5 mM decrease the amplification efficiency. 

A similar trend is observed with an increase of Mg
2+

 ions of which optimum concentration was 

observed to be around 1.5 mM. Concentration between 1.5 mM and 2.0 mM drastically increase 

the error rate to levels which the translated protein is too mutated and impairs its functionality. 

 

 

Figure 7: Effects of Mg
2+

 on error prone PCR. Lanes 1 contain molecular weight marker. Lane 2 

contains 1.0mM Mg
2+

. Lane 3 contains 1.5mM Mg
2+

. Lane 4 contains 2.0mM. Lane 5 contains 

2.5mM Mg
2+

. Lane 6 contains 3.0mM Mg
2+

. Lane 7 contains 4.0mM Mg
2+

 and lane 8 contains 7 

mM Mg
2+

 respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Lanes:    1     2     3      4      5     6     7     8 
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Figure 8: Effects of Mn
2+

 on error prone PCR. Lane 2 contains molecular weight marker. Lane 4 

contains 0.3mM Mn
2+

. Lane 5 contains 0.4mM Mn
2+

. Lane 6 contains 0.5 mM Mn
2+ 

and lane 7 

contains 1.0 mM Mn
2+

 respectively. 

 

The EP-PCR products were ligated into pGEM T-Easy vector (see appendix B) and transformed 

into E. coli. The clones produced were sent for sequencing to analyze the mutations that might 

have been introduced during EP-PCR. Figures 19-27 (see appendix B) indicate the results 

obtained from the sequencing of representative individual clones. The results are summarized in 

table 9. 

 

4.3. Marker rescue technique 

 

Marker rescue technique was used to screen for clones with a higher MIC. Approximately 4000 

colonies were pooled and spread on plates with increased concentration of streptomycin, 

kasugamycin, erythromycin, chlortetracycline or chloramphenicol. However no colonies from 

the clones showed a significant increase in MIC on any of these antibiotics. 

 

Lanes:    1     2      3      4      5      6      7     8 
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4.4. Inactivation assays 

 

Clones generated were assayed for any change in rifampicin inactivating ability using in vivo and 

in vitro inactivation assays as described in section 3.7. From the clones generated (table 9), p8 

and p20 showed no inactivation present. It is worth noting that bith this clones were generated 

using condition 3 from PCR which is rather drastic in terms of the number of mutations 

introduced. Clone p157 and p11 showed reduced resistance (about halved) when compared to the 

non-mutated variant. This could be due to the amino acid change which will affect the tertiary 

and folding kinetics of the protein and thus ultimately affect function. However the rest of the 

clones (p4, p7, p10, p12 and p15) retained the Rif
R 

activity and all showed evidence of 

inactivating rifampicin. 

 

4.5. Clones sequenced 

 

Clone generated through EP-PCR, were sent to Inqaba Biotech for sequencing. The raw data was 

viewed, analysed (or edited if necessary) and saved as a proper nucleotide sequence using 

FinchTV (downloaded from http://www.geospiza.com/Products/finchtvdlrequest.shtml). 

FinchTV is an analytic chromatogram trace viewer developed by Geospiza for genetic analysis. 

Using this software, the chromatogram generated during sequencing could be viewed as a linear 

nucleotide sequence. 

 

 

 

 

 

 

 

 

 

 

http://www.geospiza.com/Products/finchtvdlrequest.shtml
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Table 9: Clones sequenced 

Clone Mutation type Nucleotide 

change 

Amino acid 

change 

Error 

rate (%) 

Condition used 

in error prone 

PCR 

Phenotype 

p8 16 changes. Transversion and transition. 3.7 3 Loss of Rif
R
 

p11 Transition and 

transversion 

A to G, T to A 

and  A to G 

D to G, Y to N 

and  E to G 

0.69 2 Reduced Rif
R
 

p12 Transition C to T and C to 

T 

H to Y and R 

to C 

0.46 2 Rif
R
 

p15 Transition, 

Transversion 

C to T, G to 

C(silent) 

H to Y 0.46 2 Rif
R
 

p20 13 changes. Transversion and transition. 2.7 3 Loss of Rif
R
 

p157 Transversion G to T S to I 0.23 1 Reduced Rif
R
 

p4 None None None 0 4 Rif
R
 

P10 None None None 0 1 Rif
R
 

p7 None None None 0 5 Rif
R
 

 

 

4.6. Minimum inhibitory concentration 

 

To establish the minimum concentration of various antibiotics required to inhibit growth, 

minimum inhibitory concentration tests were performed on the clones generated. To achieve this, 

LA plates supplemented with 100µg/ml of ampicillin were prepared with increasing 

concentrations of a specific antibiotic (erythromycin, chlortetracycline, kasugamycin, 

spectinomycin or chloramphenicol). An actively growing culture was streaked onto the LA-

antibiotic plate then incubated further at 37°C for 72 hr. Erythromycin and kasugamycin 

concentrations were increased by 50μg/ml (starting from 50μg/ml). The maximum concentration 

for erythromycin was 300μg/ml while the maximum for kasugamycin was 350μg/ml. 

Chlortetracline and streptomycin concentrations were setup with increments of 5μg/ml (from 

5μg/ml minimum) up to a maximum of 35μg/ml. Chloramphenicol concentrations however were 

only increased by 2.5μg/ml (starting from 5μg/ml) upto a maximum of 25μg/ml. The MIC value 
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was scored based on the confluence of growth on each antibiotic. Figures 9-11 represents the 

results obtained herein. 

 

 

 

Figure 9: Representation of the MIC values obtain for vector only control (pGEM) and non-

mutated clone (pBstN49). 

 

From figure 9, it can be established that pBstN49 does not confer much increased in resistance to 

streptomycin, chloramphenicol, erythromycin and kasugamycin (the MIC values of the pGEM 

and pBstN49 clones are identical). However it confers about 25% increase in the resistance of 

chlortetracycline (the MIC value of pGEM was determined at 20μg/ml while the MIC value of 

pBstN49 was determined at 25μg/ml). The resistance of rifampicin conferred by pBstN49 is 

quite pronounced increasing to over 350µg/ml. 
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Figure 10: Representation of the MIC values obtained for clones p15, p20 and p157. 

 

 

Figure 11: Representation of the MIC values obtained for clones p8, p11 and p12. 
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4.7. Discussion 

 

4.7.1. Clones sequenced 

 

ExPASy Proteomics Server (Translate tool) was used to predict the amino acid sequence of the 

sequenced clones and these clones were compared to the known sequence of the arr gene. Figure 

12 to 18 below show the pairwise alignment files obtained.  

 

 

Figure 12: Alignment of the p12 clone amino acid sequence with the Arr protein. The two 

nucleotide changes translated to two amino acid changes (H to Y and R to C). 

 

Although the polar amino acids that were changed in clone p11 were replaced by polar amino 

acids the nature of the new amino acids is different in size and charge. The wild type has two 

extra charged units while the mutant protein has three smaller amino acids in their place. This 

change in amino acid sequence resulted in lower resistance to rifampicin 

 

 

Figure 13: Alignment of the p11 clone amino acid sequence with the Arr protein. A total of three 

amino acid changes were observed (D to G, E to G and Y to N). 
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The deletion of a thymidine residue at position 432 of the p8 clone sequence (figure 14) resulted 

in a frameshift mutation that changed the nature of the latter half of the protein. The first 11 

nucleotide changes preceding the deletion resulted in a total of 8 amino acid changes. 

 

 

Figure 14: Alignment of the p8 clone amino acid sequence with the Arr protein. 

 

Clone p157 had a single notable change from S to I in the β4 subunit (refer to figure 6) of the 

protein. This mutation resulted in a reduced rifampicin resistance. 

 

Figure 15: Alignment of the p157 clone amino acid sequence with the Arr protein. The 

nucleotide change resulted in a change from S to I. 

 

The 13 nucleotide changes that occurred in clone p20 resulted in a loss of resistance. This can be 

contributed to the radical change that happened to the amino acid sequence which ultimately 

changes the folding thermodynamics of the tertiary structure and possibly even the 

physicochemical properties of the protein. 
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Figure 16: Alignment of the p20 clone amino acid sequence with the Arr protein. The 13 changes 

in the nucleotide sequence produced a total of 11 amino acid changes. 

 

The change from tyrosine (Y) to histidine (H) in clone p15 had little effect on the activity of the 

Arr protein. This can be due to the polar nature of the two amino acids hence substituting Y with 

H does not drastically change the conformational structure of the protein and it can retain its 

original function. 

 

Figure 17: Alignment of the p15 clone amino acid sequence with the Arr protein. The change 

from G to C on the nucleotide sequence produced a silent mutation while the second change (C 

to T) led to a change in the protein sequence from H to Y. 

 

Clones p4, p7 and p10 had no changes to the nucleotide sequence from EP-PCR so it was 

expected that there will be no change in the protein sequence. Figure 18 below represent the 

results from the alignment of each of these sequences with the Arr protein sequence. 
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Figure 18: Alignment of the p10, p4 and p7 clone amino acid sequence with the Arr protein. As 

expected there were no changes to protein sequence since there were no changes in the 

nucleotide sequences. 

 

4.7.2. Conclusion 

 

By producing a sequence with a mutation that conferred resistance to a novel antibiotic, a new 

clone could be available to study the effects and/or mechanisms of antibiotic resistance and 

perhaps develop novel, semi synthetic antibiotics to treat infection before they become a 

worldwide pandemic. The introduction of new drugs to the market would be of great benefit to 

treat infection, for instance tuberculosis has been treated with the same drug for about 40 years 

now (Andries et al., 2005).  

 

 Although error prone PCR was highly effective in generating mutations in the arr gene, based 

on this work evolving novel antibiotic resistance is a difficult task to accomplish. The process of 

evolution of antibiotic resistance is driven by the selective pressure placed on microbes by the 

presence of antimicrobial agents and this constant selective pressure is difficult to replicate in the 

lab. More effective techniques as well as the production and sequencing of more clones should 

be implemented in future to accomplish this task. 
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6. Appendix A 

 

Media 

 

LA ½ Agar 

 

 1 g tryptone 

 0.5 g NaCl 

 0.5 g yeast extract 

  0.75 g agar 

 100 ml distilled water 

 

LA 

 1 g tryptone 

 0.5 g NaCl 

 0.5 g yeast extract 

 1.5 g agar 

 100 ml distilled water 

 

LB 

 1 g tryptone 

 0.5 g NaCl 

 0.5 g yeast extract 

 100 ml distilled water 

 

Plasmid isolation 

 

Solution I 

 0.9 g glucose 

 2.5 ml 1 M Tris-HCl pH 8.0 
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 2 ml 0.5 M EDTA 

 95.5 ml distilled water 

 

Solution II 

 0.8 g NaOH 

 1 g SDS 

 100 ml distilled water 

 

Solution III 

 60 ml 5 M potassium acetate 

 11.5 ml glacial acetic acid 

28.5 ml distilled water 

 

0.5M EDTA pH 8.0 

 18.61 g EDTA 

 pH adjusted to 8.0 

 Filled up with distilled water to 100 ml 

 

TE 

 1 ml 1 M Tris-HCl pH 8.0 

 2 ml 0.5 M EDTA pH 8.0 

 100 ml distilled water 

 

5M potassium acetate pH 6.0 

 4.9 g potassium acetate 

pH adjusted to 6.0 with acetic acid 

Distilled water added to 10 ml 

 

1% RNAse 

  0.01 g RNAse 

 1 ml distilled water 



 58 

 Boiled for 10 min 

 

Electrophoresis 

 

5x TBE 

 54 g Tris base 

 27.5 g boric acid 

 20 ml 0.5 M EDTA pH 8.0 

 Distilled water to 1000 ml 

 

0.5x TBE 

 20 ml 5x TBE 

 180 ml distilled water 

 

0.4% Agarose 

 0.4 g agarose 

 20 ml 5x TBE 

 180 ml distilled water 

 

0.8% Agarose 

 0.8 g agarose 

 20 ml 5x TBE 

 180 ml distilled water 

 

0.8% Low gelling agarose 

 0.8 g low gelling agarose 

 20 ml 5x TBE 

 180 ml distilled water 

 

1.0% Agarose 

 1.0 g agarose 
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 20 ml 5x TBE 

 180 ml distilled water 

 

Running buffer 

 20 ml 5x TBE 

 180 ml distilled water 

 20 µl 1% ethidium bromide 

 

1% Ethidium bromide 

 0.1 g ethidium bromide 

 10 ml distilled water 

 

Tracking dye 

 10 mg bromophenol blue 

 10 mg xylene cyanol 

 10 ml 30% glycerol in TE  

 

Transformation 

 

Calcium chloride transformation buffer 

 4.38 g calcium chloride hexahydrate 

 2 ml 1 M Tris-HCl pH 8.0 

 198 ml distilled water 

 

20% Glucose 

 4 g glucose 

 20 ml distilled water 

 

Table 10: Solvents used to make the antibiotic stock solutions 

Antibiotic Stock solution (mg/ml) Solvent (% per 100 ml) 
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Amp 100 70:30 (Ethanol:dH2O) 

Rif 10 Methanol 

Ctc 10 dH2O 

Kan 10 70:30 (Ethanol:dH2O) 

Str 10 dH2O 

Spc 10 dH2O 

Nal 10 70:30 (Ethanol:dH2O) 

Ksg 100 dH2O 

Ery 100 70:30 (Ethanol:dH2O) 

Cam 10 Ethanol 

 

In vivo/ In vitro inactivation assay 

 

Sonication buffer 

 2.0 ml 1 M Tris-HCl pH 8 

           100 µl 0.5 M EDTA 

           100 µl 1 M DTT 

           97.8 ml distilled water 

 

Co-factor NAD 

 51 mg NAD 

 10 ml distilled water 

 

Co-enzyme A 

 15 mg coenzyme A trilithium salt 

 10 ml distilled water 

 

Glutathione 

 0.102 g glutathione 

 10 ml distilled water 
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LDR 

 1 µg lysozyme 

 1 µg DNAse 

 1 µg RNAse 

 1 ml distilled water 

 

UDPG 

 12 mg UDPG disodium salt 

 10 ml distilled water 
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7. Appendix B 

 

 

 

Figure 19: Alignment of clone p10 with arr gene open reading frame. No nucleotide changes 

were detected. 
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 Figure 20: Alignment of clone p7 with arr gene open reading frame. No nucleotide changes 

were detected. 
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 Figure 21: Alignment of clone p8 with arr gene open reading frame. A total of 16 nucleotide 

changes and a single base deletion were obtained. 
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 Figure 22: Alignment of clone p4 with arr gene open reading frame. No nucleotide changes 

were detected. 
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 Figure 23: Alignment of clone p157 with arr gene open reading frame. A single nucleotide 

change was detected. This change from T to G resulted in an amino acid change from S to I. 
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 Figure 24: Alignment of clone p20 with arr gene open reading frame. A total of 13 nucleotide 

changes were detected. 
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 Figure 25: Alignment of clone p15 with arr gene open reading frame. Two nucleotide changes 

were detected. The change from C to T resulted in an amino acid change from H to Y while the 

second mutation (G to C) was silent. 
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 Figure 26: Alignment of clone p12 with arr gene open reading frame. Two nucleotide changes 

were detected and two amino acid changes were introduced (H to R and R to C).  

 



 70 

 

Figure 27: Alignment of clone p11 with arr gene open reading frame. Three nucleotide changes 

were detected and three amino acid changes were made (D to G, Y to N and E to G). 
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Figure 28: Alignment of the p11, p12 and p8 clones amino acid sequences with the Arr protein. 
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Figure 29: Alignment of the p157, p20 and p15 clones amino acid sequences with the Arr 

protein. 

 

Figure 30: Alignment of the p4, p7 and p10 clones amino acid sequences with the Arr protein. 
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Figure 31: pGEM T-Easy cloning vector adapted from www.promega.com, technical manual 

No.042 


