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Abstract 

Vaccinations are a crucial preventative measure to stop the spread of a disease. 

However, due to the need to follow a cold chain procedure, the cost of transport for 

keeping the vaccine at +2 °C to +8 °C temperature at all times to avoid any loss of 

efficiency can become a hindrance in supplying vaccines. In an effort to be able to 

transport these essential vaccines, a new transport method is needed. By creating a new 

system for transport, it is hoped vaccines can be more readily available to everyone. 

This aim of this research was to develop a new production system to produce an additive 

for modifying the formulation of proteinaceous drugs to enable thermostability. This 

system would increase the thermostable range of vaccinations.  The protein 

Mannosylglycerate, MG, from Rhodothermus marinus, has the potential to work in this 

type of system. By isolating the mgs gene which produces this compound, a genetically 

modified Acinetobacter baylii ADP1 strain can be produced. Using this gene and the 

metabolic pathway of metZ in ADP1, a microbial factory capable of biosynthesising MG 

can be developed.  The protein could then be purified and added to a vaccination mixture 

and make it more thermostable in hotter temperatures. 

Several different methods were used throughout the research, mainly bacterial cell culture 

and plasmid manipulation. Batch culture was used to observe the growth of a plasmid-

containing bacterial cell culture at high and optimum temperatures, one with the mgs 

gene present and one without, to allow the thermostable properties of MG to be seen. 

This experiment produced inconclusive results as the organism containing the plasmid 

with the mgs gene did not grow as expected. 

Following this, a shuttle vector of PCR Blunt and metZ was constructed using restriction 

enzyme BglII and ligation methods. This construct was planned as a base in which further 

plasmid manipulation was to be performed to insert the mgs gene.  However, when the 

kanamycin resistance cassette was ligated into this shuttle vector with BamHI and BglII 

restriction enzymes, a crossover event occurred, and the shuttle vector had to be 

changed to pUC19.  

A new plasmid construct of pUC19 and metZ was created using the restriction enzyme 

EcoRI and ligation methods, and blue/white screening was used to isolate the plasmids 

containing the correct insert after ligation. This new vector showed promise but due to 
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time constraints the research was not completed.  However, this did highlight the 

potential for using the metabolic pathway of metZ in Acinetobacter baylyi ADP1 to insert 

the mgs gene for the production of MG. 
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1. General Introduction 

1.1 The use of vaccines in healthcare 

Vaccines are one of the most effective health prevention treatments against disease and 

involve injecting dead or weakened form of a pathogen into the human body. This 

stimulates the immune system to produce antibodies against the pathogen creating an 

immune response and will allow a better combat to the pathogen if infected again in the 

future as the immune system will be able to produce the correct antibodies, thus giving 

immunity against the pathogen. 

The development of vaccines has made a big impact on the fight against diseases in the 

developing world. Childhood vaccines such as polio, MMR, hepatitis B and varicella have 

protect against an estimated 14 million infections and 33,000 premature deaths 

(Schuchat, 2011). There are four different types of vaccine; attenuated, inactivated, 

subunit and DNA vaccines. Each vaccine has a different structure depending on the type 

and can be used to treat different types of diseases (Dai et al., 2019).  

However, every type of vaccine can be volatile or easily degraded and will gradually lose 

potency over time and this can be accelerated by the exposure to high and low 

temperatures and light. This creates many issues when trying to deliver a vaccine from 

production to consumer, as many factors need to be maintained and this requires a lot of 

care and attention to delivery to ensure quality (Yakum et al., 2015). Due to this, there is a 

need for a better transport system from production to consumer of the vaccination, so 

that the temperature instability is not such an issue. 

If a vaccine has not been stored or transported correctly and is then administered to the 

patient, it can cause every patient to have to be re-vaccinated to ensure immunity. An 

example of this was in 2019 when a practice in Sydney administered 3000 patients with 

vaccinations which had been incorrectly stored since 2010, which resulted in every 

patient having to be re-inoculated (Lin et al., 2020). This highlights the need for proper 

temperature cycling or a system that will ensure the vaccinations stay within the cold 

storage chain temperature range. 

To adapt to external pressures placed upon a microbial cell they can produce comparable 

solutes in response to cope with the fluctuations. These solutes can accumulate within the 

cell in response to stress and can range in concentrations of 1-2M, the protein stability of 
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these solutes support the folding of polypeptide chains and can protect macromolecules 

such as membranes against denaturation. This adaptation to stress can also protect 

against cells exposed to freezing and heat, these properties of the compatible solutes 

when added to a system can provide many advantageous properties (Vyrides and 

Stuckey, 2017). 

A compound called mannosylglycerate (MG), which is a compatible solute formed in a 

biosynthesis process in Rhodothermus marinus, allows the bacterium to grow in excess of 

65 °C (Bjornsdottir et al., 2006). Without MG the bacterium is not able to survive at these 

high temperatures. Production and purification of MG direct from R. marinus is 

prohibitively expensive due to complex growth conditions, and when MG is synthesized in 

vitro it requires GDP-Mannose and Glycerate, which are both also expensive. Therefore, it 

could be a more cost-efficient method to try and utilize the bacterial metabolic supplies of 

GDP-Mannose and Glycerate to produce MG within cells and create recombinant 

microbial factories in easy to grow hosts. 

A cheap alternative would be to clone the genes of appropriate compatible solutes like 

MG into an expression vector and try to produce MG within bacteria. Through the use of 

restriction cloning, which uses restriction enzymes to cut vectors at particular sites on the 

genome, vectors can be manipulated to contain specific sections of chimeric DNA. 

However, recombinant systems using expression vectors typically require the use of 

selectable markers, e.g. antibiotic selection, which can be undesirable in pharmaceutical 

formulation. Acinetobacter baylyi ADP1 is an upcoming model organism in that can be 

manipulated to contain genes of interest inserted into the chromosome by simple 

recombination.  It is hoped that through the use of metabolic engineering of the metZ 

gene, present in the methionine pathway, A. baylyi ADP1 can be manipulated, by 

insertion of the mgs gene from R. marinus, to produce MG and provide thermophilic 

protection to proteins and by co-effect protect the cells of A. baylyi ADP1when exposed 

to extreme conditions. 

1.2 The storage and transport of vaccines 

The cold storage and transport of vaccines is crucial to ensure efficient delivery of the 

vaccine, due to the risk of degradation when exposed to temperatures higher than +8 °C. 

The commercial production and distribution of vaccines has to be very specific as vaccine 
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instability can happen at any time from the manufacturer to patient. This is due to the 

many biological components present within a vaccine.  

When a vaccine is put under extreme heat it can not only degrade the active components 

of the vaccine but also if administered can be potentially dangerous for the patient. This is 

due to the components of the vaccine, which have been affected by the high 

temperatures, changing shape under the heat and coding for another type of response, 

different to the one intended. This in turn will have potentially dangerous effects on the 

patient (Kumru et al., 2014). 

Live, attenuated vaccines, for example, are sensitive to stress in an environment such as 

high temperatures and can be treated using a process called lyophilization to preserve 

the potency of the vaccine. This process removes the water present within a vaccine 

under decreased pressure and specific temperature conditions through different steps 

where freeze-drying is often required to maintain the stability of the vaccine. Lyophilized 

vaccines can be stored for months to years under the correct conditions and then 

reconstituted when needed to be administered to a patient. However, although this allows 

vaccines to be stored for years, most types of vaccines still require a cold chain storage 

to be kept for long periods and when being transported (Kumru et al., 2014). 

For example, when measles is in its lyophilized form it is generally stable for 2 years when 

stored in the cold chain at 2–8 °C. However, if it is stored at 22–25 °C it is only stable for 1 

month due to the higher temperature. When the measles vaccine is reconstituted and 

stored at 20–25 °C in just 1 hour it loses half of its potency. Moreover, if the vaccine is 

stored at 37 °C for 1 hour it will lose all of its potency. But when it is reconstituted and 

stored correctly in the cold chain, the vaccine is more stable and able to be used longer 

after the reconstitution as long as it is within the same day, This lowers the time restraints 

on using the vaccination from storage to patient (Kumru et al., 2014). 

Another method which can be used to avoid the use of cold chain storage is the use of 

passive cold storage devices (PCDs), these are storage containers which can keep a 

vaccine cold without the use of an active energy source. The PCDs are made of materials 

which can provide a space of minimum heat loss and a cooling medium for transport, thus 

reducing the need for electrical storage such as a refrigerator. These devices are still 

under development and different characteristics are being investigated to develop the 
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best vaccine storage device; incorporating ice requirements, capacities, and costs 

(Norman et al., 2013). 

Once the potency of a vaccine has been lost it does not return and the vaccine is now 

useless and the consequence of this can cost a pharmaceutical company thousands of 

pounds in wasted vaccinations. The equipment used to store vaccines should therefore 

be temperature monitored to ensure the cold chain storage is adhered to - it is vital that 

temperatures are checked twice a day at least to ensure a temperature between +2 °C 

and +8 °C (CDC, 2019).  

A vaccine that has an envelope has lipid bilayers which have been identified as a rate 

limiting structure in stability loss. Once the temperature of enveloped viruses reaches a 

maximum of above +8 °C the lipid bilayer, within the vaccines structure, will lose its 

structural integrity. This occurs due to the composition of the lipid, carbohydrate and 

protein components present in the lipid bilayer denaturing and losing their shape within 

the layer. The destruction of the lipid bilayers causes the vaccine to lose its potency as 

the cell can no longer perform to its maximum. Moreover, although the RNA/DNA 

components of a virus are generally stable, they can still be subject to degradation over 

time due to the helical secondary structures and tertiary structures they contain. These 

structures can become unfolded which will change the shape and function of these 

components (Kumru et al., 2014). 

In developing countries there is a need for the efficient use of vaccines to fight against 

diseases such as Polio and Hepatitis. In these developing countries there is a more 

frequent exposure to freezing and hot temperatures, due to the process of transport and 

hotter climates. Moreover, the unreliable power sources, limited materials and financial 

resources in these developing countries means they have limited access to efficient 

vaccinations (Yakum et al., 2015). 

Therefore, in these countries there is a need for effective vaccinations against Hepatitis B 

(HBV) to be developed and not have to be delivered according to the cold chain storage 

procedure. In many of these countries, 5-15% of the population (which equates to 350-

400 million worldwide) carry this virus and there is a very high prevalence of the disease 

as there are not enough measures in place to be able to confine the spread of the 

infection. Many of these infections present themselves in childhood or early adulthood 
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and for children under 1 year the risk of chronic infection is 90% (Abbas and Siddiqui, 

2011). Although there are treatments in place for the infection, it is very costly and limited 

at that. Therefore stopping the infection through herd immunity by vaccinations will aid the 

fight back against the disease. 

In relation to the hepatitis B virus (HBV) vaccine as an example, the cold chain storage 

procedure should be followed to deliver the vaccine efficiently to the community. When 

this vaccine is not delivered correctly at birth or is late it can result in the horizontal 

transmission of HBV. Within the cold chain this vaccine is stable for many years, however 

if the vaccine reaches 20–25°C, 36–40°C, or 45°C, it might only be stable for several 

months, weeks, or days due to having no thermal protection against the heat on the 

vaccine. If the vaccine is administered after being out of the cold chain storage the 

effectiveness of the vaccine is reduced and could have adverse effects (Scott et al., 

2018). Hepatitis B vaccine is also a cold sensitive vaccine, which when frozen or reaches 

a temperature below -0.5°C can cause a serious reduction on potency in comparison to 

the measles vaccine which is not damaged at all by freezing (Ren et al., 2009). 

The vaccine itself contains HBsAg, a surface antigen on the virus. The gene is inserted 

into Saccharomyces cerevisiae to recombinantly produce the protein for the vaccine. 

Although HBV can be classed as a relatively heat stable vaccine and does not lose 

potency when it is stored for up to one month at ambient temperature (Chen, 2009), the 

World Health Organisation (WHO) has only licensed its use for within the standard cold 

chain procedure. This restricts the access of the vaccine to those who need it in rural and 

remote communities and do not have the means to ensure the cold chain storage is 

adhered to (Scott et al., 2018). 

This is just one example of a vaccine which could help to aid the fight against diseases in 

developing countries, but there is the limit of the storage of these vaccines when they 

arrive in the country and the high cost of cold storage transport to these countries.  

1.3 Methods for stabilising vaccines for storage and transport 

The need for a temperature stable vaccine has been researched before, Leung et al. 

(2019) used the sugars pullulan and trehalose, two compounds which are readily 

available and low-cost, to create a sugar film onto which vaccines would be spray dried. 

This study used two viruses, which were specifically live-enveloped viruses as they are 
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known to be more unstable, Herpes Simplex Virus type 2 (HSV-2), which is a DNA virus; 

and influenza A virus (IAV), which is an RNA virus. The in vitro studies showed that when 

mixed together, pullulan and trehalose films were able to thermally stabilize both vaccines 

for 12 weeks at 40 °C and did not interfere with the efficacy of the vaccine. However, the 

fact that after 12 weeks the film becomes unstable and can no longer offer the same 

stability suggests that there is degradation within the films (Leung et al., 2019).  

Another study which also attempted to stabilise a vaccine using the sugar trehalose was 

by Ohtake et al. (2011). This study used the live attenuated Salmonella typhi ‘Ty21a’ 

bacterial vaccine. When Ty21a was mixed with trehalose, methionine, and gelatin the 

vaccine was stabilised at 37 °C for 12 weeks. The method for this involved foam drying 

and the combination of the foam drying and components increased the stability of the 

vaccine. This means that the shelf-life of Ty21a should increase and allow for vaccines to 

be stored without the need for refrigeration (Ohtake et al., 2011). Both these studies 

showed good results by the addition of sugar components to vaccine mixtures, however 

there is still a need for new methods of thermally protecting vaccines to solve the cold 

storage chain issue. 

1.4 Thermophilic bacteria  

Thermophiles are bacteria that are able to grow in conditions above 55ºC and since 

discovered are organisms of interest due to this ‘heat-standing’ ability. The intrinsic 

stability of their cellular components and more specifically their proteins makes 

thermophilic bacterium a source of high-temperature biological catalysts (Noll, 2001).  

To adapt to external pressures placed upon a microbial cell they produce comparable 

solutes in response to cope with the fluctuations. These solutes can accumulate within the 

cell in response to stress and can range in concentrations of 1-2M, the protein stability of 

these solutes support the folding of polypeptide chains and can protect macromolecules 

such as membranes from against denaturation. This adaptation to stress can also protect 

against cells exposed to freezing and heat, these properties of the compatible solutes 

when added to a system can provide many advantageous properties (Vyrides and 

Stuckey, 2017). 

They mainly occur during non-common ecological features in separate geothermal 

locations all over the world, this therefore means the hot springs in which they grow in are 
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sparse. The locations currently known are in Iceland, United States, New Zealand, Japan, 

Italy, Indonesia, Central America, and Central Africa and the bacteria isolated from these 

are used in many applications in bioindustries. These involve utilising enzymes from these 

sources, such as; protease enzymes for stability in detergents, washing powders, food 

industry, leather processing, and pharmaceuticals; cellulase enzymes in the production of 

glucose feedstock, agriculture and the production of bioethanol (Mohammad et al., 

2017). 

In the application of thermophilic bacteria in the bioindustry, it has been shown to be 

advantageous to run processes at a higher temperature. To do so, these bacteria can 

come in use. One advantage is that at a higher temperature, microbial contamination is 

reduced and the use of antibiotics within the process is also reduced which in turn will 

lower costs for the process, in addition operating at higher temperatures can reduce 

energy input (Lin and Xu, 2013). An example of this is in the production of bioethanol, this 

involves the second-generation of lignocellulosic biomass; this requires costly chemical 

pre-treatment and enzymatic processes. Lignocellulosic biomass is difficult to degrade 

due to the high crystallinity of cellulose and the lignin sheath – therefore operating this 

process at a higher temperature will help to improve the efficacy of the production (Scully 

and Orlygsson, 2019). 

The degradation of cellulose is a slow and costly process due to the hydrogen bonds 

present in tightly packed crystalline matrix which is cross-linked with other biopolymers 

such as lignin. Thermophilic anaerobes possess efficient cellulose and hemicellulose 

degrading qualities and thermostable enzymes, they can also withstand the risk of 

fluctuation in temperature, pH and other factors adding to their benefits in this process. 

The use of thermophiles in bioethanol production involving lignocellulosic biomass can be 

beneficial and has environmental benefits, it is also already considered more sustainable 

but more research needs to be undertaken (Ahmad and Qazi, 2014). 

The use of biofuels shows there is already the utilisation of thermophiles being used in 

everyday processes, this research focuses on Rhodothermus marinus as a thermophilic 

bacterium of interest. This bacterium produces low molecular weight osmolytes in order to 

maintain an appropriate pressure and to protect the enzyme activity of the cell when the 

solute concentration of a growth medium increases. These osmolytes can be termed as 

compatible solutes and refers to compounds that can accumulate to very high levels 
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without affecting cell metabolism and enzyme activity, R. marinus produces a specific 

compound called Mannosylglycerate (Nunes et al., 1995). 

1.5 Mannosylglycerate 

Mannosylglycerate, MG, is a compound produced by Rhodothermus marinus in response 

to fluctuating temperature and salinity, at temperatures at or above 67ºC up to maximum 

growth temperature of 77ºC MG is seen to protect the cells from the increased heat. A 

compound called mannosylglycerate (MG), which is a compatible solute, formed in a 

biosynthesis process in Rhodothermus marinus allows the bacterium to grow in excess of 

65 °C (Bjornsdottir et al., 2006). Without MG the bacterium is not able to survive at these 

high temperatures.  Two pathways have been found, one involves a single-step process 

and the other a two-step process (Borges et al., 2004). Also classed as a compatible 

solute due to its ability to accumulate in cells in response to external stress, MG has a 

small molecular weight which does not affect the cells physiology (Empadinhas and da 

Costa, 2008). 

 

Figure 1 Diagram to show the two different pathways in which Mannosylglycerate can be produced. 

The enzyme Mannosylglycerate synthase (MGS) catalyses these reactions by using the 

GDP Mannose as a donor species for the reaction. However, the mechanism by which 

this occurs is not very well understood, a 2005 paper by Flint et al., used mass 

spectrometry to determine the rate of product formation from GDP-Mannose as a donor 

to D-glycerate as an acceptor. From this study, MGS could be classified as a 

glycotransferase (GT) sequence, a dinucleotide repetitive sequence, becoming a new 

member of the family as GT78. GTs use a variety of sugar donors to perform hydrolysis by 

double displacement using a covalent intermediate formation (Flint et al., 2005). 
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There has also been a paper published by Faria et al. (2018), that shows the growth of 

MG in another microorganism Saccharomyces cerevisiae. This investigated the uses of 

the yeast as a cell factory for MG production. S. cerevisiae has already showed prospects 

for this use, however the level of MG produced was very low, this study used the 

CENPK2-1C strain – which is a genetically modified S. cerevisiae strain engineered to 

produce high levels of MG by the overexpression of the genes involved in synthesis of 

GDP-mannose. The first strain, MG01, targeted the mgsD gene encoding mannosyl-3-

phosphoglycerate synthase and mannosyl-3-phosphoglycerate phosphatase and the 

second strain, MG02, contained the plasmid pSP02 containing the mannose-6-phosphate 

isomerase (PMI40) and GDP-mannose pyrophosphorylase (PSA1) genes from S. 

cerevisiae.  

The two strains were grown under multiple conditions involving batch culture, chemostat 

and continuous growth cultures, all experiments maintained a growth temperature of 30 

°C and the MG produced was analysed by High Performance Liquid Chromatography 

(HPLC) to determine the amount produced. From this the strain MG02 produced the best 

results and the MG produced was 2.2 fold higher than MG01, being able to produce 

1.79mg of MG per gram of biomass per hour at a dilution of 0.15 h−1 (Faria et al., 2018). 

This 2018 paper showed that the production of MG is possible in a yeast organism and 

displayed the upcoming research into this compound, however the temperature at which 

the MG was cultured at did not display its thermophilic properties. This is because the 

cultures were grown at a low temperature of 30 °C. 

Another paper in 1999 by Martins et al., experimented with both of the different MG 

synthesis pathways and managed to determine that although different in the steps they 

need to produce MG that the single-step pathway is salt-independent whereas the two-

step pathway needs NaCl or KCl to achieve full activity of the enzymatic system (Martins 

et al., 1999).  

1.6 Aims and objectives of this study  

Based upon the evidence discussed, MG clearly has potential to be used as a protective 

additive within vaccines to provide heat stability.  This research will try to use the MGS 

gene in order utilise the single-step pathway that is salt-independent to produce 

thermophilic recombinant proteins. When used correctly, these can then in theory protect 

a vaccine from any temperature fluctuations, specifically in higher temperatures. 
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However, production and purification of MG direct from R. marinus is prohibitively 

expensive due to complex growth conditions, and when MG is synthesized in vitro it 

requires GDP-Mannose and Glycerate, which are both expensive. Therefore, the 

development of a more cost-efficient method to produce MG, through utilising the 

bacterial metabolic supplies of GDP-Mannose and Glycerate within cells to create 

recombinant microbial factories in easy to grow hosts is needed. 

A solution to the cost of this production is to clone the genes of an appropriate compatible 

solute like MG into an expression vector and try to produce MG within bacteria. Through 

the method of restriction cloning, which uses restriction enzymes to cut vectors at 

particular sites on the genome, vectors can be manipulated to contain specific sections of 

chimeric DNA. But recombinant systems using expression vectors typically require the 

use of selectable markers, e.g., antibiotic selection, which can be undesirable in 

pharmaceutical formulation.  Acinetobacter baylyi ADP1 is an upcoming model organism 

that can be manipulated to contain genes of interest, these can be inserted into the 

chromosome by simple recombination.  

Through the use of metabolic engineering, it is hoped that the metZ gene, present in the 

methionine pathway, that the genome of A. baylyi ADP1 can be manipulated by insertion 

of the mgs gene from R. marinus. From this, using the ADP1 genome as a vector, A. 

baylyi ADP1 can be engineered to produce MG and provide thermophilic protection to 

proteins and by co-effect protect the cells when exposed to extreme conditions. The 

ADP1 genome was selected for use due to the potential uses of its genetic characteristics 

such as its nutritionally versatility, fast growing nature and its ease to be cultured and 

grown. 

When manipulating ADP1 as a production system for the insertion of MG into vaccines it 

is hoped that using the cells own GDP-Mannose and Glycerate, from the innate pathways 

found in Acinetobacter, the cell will be able to produce MG. The MG produced will then in 

theory be able to thermophilically protect the cell when exposed to the extremes of 

temperatures, high and low. If sufficient MG is produced metabolically, it can be 

harvested and as such Acinetobacter can be considered a microbial factory and the MG 

produced will hopefully protect a vaccine during transport and storage without the 

requirements of any cold storage. The MG produced would need to be purified through 

the pharmaceutical industry to be able to be used as an additive in vaccine manufacture. 
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1.7 Recombinant Proteins 

The production of recombinant proteins in microbial systems through expression and 

purification has been revolutionized since the discovery of the lac operon and there are 

now many new expression systems being researched and developed every day. Firstly, a 

researcher will generally start with the Escherichia coli system due to it being the 

organism of choice as a cell factory for expression (Rosano and Ceccarelli, 2014a).  

The lac operon, which contains the genes involved in metabolism, was firstly discovered 

in 1961 by Jacob and Monod who proposed a regulatory mechanism for this operon 

which at the time was the first promoter region to be defined. This operon is only 

expressed when lactose is present and glucose is not, in effective two regulators turn “on 

and off” in response to lactose and glucose (Lodish et al., 2000). This mechanism 

proposed that a repressor, the lac repressor, molecule from a nearby gene forms a 

complex with an operator to stop gene expression by preventing RNA synthesis. The 

complex can be broken by the dissociation of the inducer which in this operon is lactose, 

and through this you can negatively control gene expression (Zubay, 1972). 

Although when discovered Jacob and Monod labelled the repressor molecules as RNA 

molecules, they are now known to be proteins. With the operon containing three genes 

lacZ, lacY and lacA that code for β-galactosidase, lac permease and a transacetylase, β-

galactosidase enzyme allows lactose to be cleaved into galactose and glucose to be used 

by the cell. Using glucose and lactose we can extracellularly regulate the activity of the 

operon allowing us to control metabolic events within the cell (Santillán and Mackey, 

2008), this started to revolutionise the molecular biology field. 

When the lac operon is stimulated, by the addition of a gene into a vector, a recombinant 

protein can be encoded and in turn be produced in large enough quantities with ease. 

There are over 100 recombinant proteins that are used as therapeutic agents such as 

insulin and its analogs, blood clotting factors and erythropoietin, these proteins can be 

used for a number of different functions such as replacements for proteins that are 

missing in which insulin falls into (Wientjes, 1997).  

1.8 The pET system 

To be able to produce a recombinant protein a vector is needed, this can be described as 

DNA molecule that is able to transfer foreign material into another cell. They are typically 
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able to isolate, multiply and express the insert within the target cell, thus can produce and 

express recombinant proteins (Strickland, 2018). Not only is a DNA vector needed but a 

good production system to be able to replicate the vector, the pET system is notably 

known as the most powerful system yet developed for the cloning and expression of 

recombinant proteins. This system utilises pET vectors that are under the control of 

bacteriophage T7 transcription that uses T7 RNA Polymerase to utilise all the cells 

resources into gene expression making it very desirable (Mierendorf et al., 1998). 

The first pET vector was originally created by Studier and colleagues in 1986 outlining 

that a gene expression vector had been developed based on the T7 RNA polymerase 

bacteriophage (Studier and Moffatt, 1986). From this it has become one of the most 

formidable systems developed for the cloning of recombinant proteins in E. coli genes due 

to the strong T7 translation and transcription signals the bacteriophage provides. When 

induced the host cell can compromise more than half of the cells protein making the 

system very effective allowing it to be widely used (Mierendorf et al., 1998). The host cell 

is the organism which will provide the protein synthesis machinery which will produce the 

protein of interest within the cell, Host systems that are available include bacteria, yeast, 

filamentous fungi, and unicellular algae; each with their own advantages and 

disadvantages (Rosano and Ceccarelli, 2014b).  

The system has allowed E. coli to become established as an organism of choice when it 

comes to cloning recombinant proteins despite new bacterial expression systems being 

developed all the time. E. coli is generally chosen due to the rapid growth, rapid 

expression and ease of culture advantages that it can provide when used as a host. The 

genetics of E. coli have therefore been widely researched allowing more understanding on 

transcription, translation and protein folding making it able to be used in a variety of 

methods (Demain and Vaishnav, 2009). 

 1.8.1 Advantages of the pET System 

One of the main advantages of this system is the fast growth rate in the correct media 

which allows optimum doubling time (Rosano and Ceccarelli, 2014a) and it is also very 

easy to manipulate for laboratory use so not much laboratory experience is required. 

Moreover, it is also relatively inexpensive to culture in the correct setting to high cell 

densities and there is also a wide selection of cloning vectors to choose from with 

different antibiotic resistant cassettes. There is also the added advantage of being able to 
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stimulate more growth through IPTG, a strong inducer, by using allolactose to stimulate 

the lac operon (Wurm et al., 2016). 

1.8.2 Disadvantages of the pET System 

Although commonly used there are many disadvantages of the system, leaving an 

opening for a new system to be developed. This is mainly because E. coli is a prokaryotic 

based system eukaryotic based proteins may not be properly expressed or modified in the 

cloning process (Khow and Suntrarachun, 2012). Furthermore, although IPTG can induce 

more expression this can also add stress to the cell due to the large amount of protein 

and cause precipitation (Khow and Suntrarachun, 2012) and overexpressed proteins can 

also accumulate in the cytoplasm or periplasmic space in the cell. 

One of the other major disadvantages is due to E. coli not being naturally competent and 

therefore engineered constructs cannot pass into the vector without intervention. This is 

normally done via heat shock of the construct in laboratory setting to artificially force entry 

of the DNA into cells (Sinha and Redfield, 2012). 

1.9 Restriction Cloning 

In order to create effective DNA vectors and produce recombinant proteins, DNA must be 

effectively manipulated and transferred, and this is done with the use of restriction 

enzymes. Restriction enzymes that recognise specific regions of 4-8bp sequences are 

called restriction sites, and these enzymes can isolate DNA from an individual organism at 

a specific place to be re-inserted into another sequence. Many of these restriction 

enzymes make singular cuts that leave single stranded segments, these can be called 

‘sticky ends’ and can base pair with other DNA fragments with the same restriction 

enzyme to join each fragment together. 

These two segments can be joined together if the two strands are complementary by 

DNA ligase, this enzyme forms phosphodiester bonds between the fragment and vector. 

The ligation of ‘sticky ends’ of restriction fragments is desired as these do not require as 

much DNA concentration, but some restriction enzymes can cut DNA strands to form 

‘blunt ends’. These enzymes cut the strands at the same point to produce identical 

fragments called ‘blunt ends’, these are harder to ligate and require a higher DNA 

concentration.  (Lodish, H.; Berk, A.; Zipursky, 2000). 
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Figure 2 An image from Lodish et al., 2000 showing the EcoRI restriction enzyme cutting a section of methylated DNA 

at the specific 6bp section. Also showing methylated bases forming in restriction-recognition sites. 

To ligate self-complementary sticky ends and blunt ends, a dephosphorylation step is 

needed, this is to avoid the restriction sites from self-ligating together and the re-

circularisation of plasmid DNA. Alkaline phosphatase is an enzyme that can aid the 

dephosphorylation process, the enzyme removes the phosphate group from the 5’ end of 

the restriction sites. The removal of this group will allow DNA ligase to catalyse the 

formation of phosphodiester bonds between adjacent molecules which carry one 5’-

phosphate group aiding the cloning process (Sambrook and Russell, 2001). 

1.10 Acinetobacter as an alternative for protein production  

Previous sections have discussed the use of E. coli as an organism of choice for the 

creation of recombinant proteins as a microbial factory. However, although highly 

favoured, this bacterium can face some issues. Two of the main issues are related to the 

fact that E. coli must be manipulated to be transformed as it is not naturally competent. 

The second relates to the recombination abilities of E. coli. In order for E. coli to achieve 

this, more recombination factors must be added to the mix due to the limitations of E. coli 

such as, the inability of E. coli as a prokaryotic to carry out posttranslational modification 

(Fakruddin et al., 2013). This leaves an opening for a better gene expression system to be 

developed. 

The use of recombinant protein production within a microbe such as Escherichia coli 

introduces the theory of setting up a system called a microbial factory. The manipulation 

of E. coli for the use of a microbial factory for recombinant protein production has been 

the optimal system for the production of natural products but it has its flaws. In theory, E. 
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coli could be used to produce MG through recombinant introduction of the R. marinus 

mgs gene but E. coli has its limitations in this regard (Mühlmann et al., 2017).  

The use of E. coli has some flaws such as the inability to carry out disulphide bond 

formation, not being able to perform sufficient expression due to protein degradation from 

mRNA remaining in a secondary structure, halting translation, and due to E. coli being a 

prokaryote there is a struggle to carry out posttranslational modification which is typical 

for a eukaryote. Moreover, the codon sequences for specific amino acids also differ from 

eukaryote to prokaryote, this is known as “codon bias” and is a hindrance in protein 

synthesis within E. coli (Fakruddin et al., 2013). E. coli belongs to the class of 

Gammaproteobacteria, which represent one of the largest classes within bacteria, with a 

diverse range of phenotype and metabolic capabilities. Under this class is the well-studied 

enteric E. coli and other known pathogens such as Pseudomonas, Vibrio, Salmonella etc., 

within this class is also the species Acinetobacter spp. in the Pasteurellales order (Gao et 

al., 2009).  

Acinetobacter baylyi ADP1 belongs in this class and is easily genetically transformed and 

does not require refrigeration or a -80°C freezer for storage. These characteristics mean it 

is very easy to transport and maintain stocks (Murin et al., 2012). When ADP1 was 

sequenced it was found to encode 3325 predicted coding sequences which can be 

suitable targets for genetic manipulation to produce desired sequences (De Berardinis et 

al., 2008).  

This has allowed a new laboratory tool ADP1 to become emergent and be used as an 

alternative to E.coli as a model organism for genetic transformation with ideal metabolic 

versatility in the biotechnological field (Metzgar et al., 2004). A. baylyi, formerly known as 

Acinetobacter calcoaceticus BD413, is a soil bacterium with desirable transformation and 

recombination capabilities. The efficient systems for the uptake and chromosomal 

incorporation of exogenous DNA, including linear and foreign DNA make this organism 

very desirable for laboratory experimentation.  

Closely related to A. baylyi is Escherichia coli part of the Enterobacteriales order of 

Gammaproteobacteria. Due to E. coli belonging to the same order they share a number of 

characteristics that make a good laboratory organism but A. baylyi is starting to look 

superior. The antibiotic resistance cassettes used in E. coli also transfer over to A. baylyi 
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accordingly such as tetracycline, kanamycin, ampicillin and chloramphenicol resistance 

(Kok et al., 1995). 

1.10.1 Advantages of Acinetobacter baylyi ADP1 

One of the main advantages of this organism is its natural competence, there are many 

examples that suggest that from characteristics it has an active DNA uptake system and 

a strong natural tendency for recombination. This allows us to easily genetically modify A. 

baylyi. The competency of ADP1 has been said to be 10-100 times more competent as 

Calcium Chloride treated E.coli in cell−1 μg−1, a very good property when needed to 

uptake foreign DNA (Metzgar et al., 2004). 

ADP1 has a small compact genome size of 3.7MB which now has been completely 

sequenced for manipulation. Lab-strains that will be used in this research are said to be 

harmless to humans after having their pathogenicity removed (Metzgar et al., 2004). 

Sharing a third of its genes with the well-studied E. coli is another major benefit and can 

provide a complementary model when needing to study metabolism and compare the 

two. The main reasons for this are the fact that A. baylyi ADP1 does not show metabolic 

ambiguity and can provide comparison due to its ecological niche of soil being different to 

that of E. coli (De Berardinis et al., 2008). 

1.10.2 Disadvantages of Acinetobacter baylyi ADP1 

Due to the natural competence of ADP1, and not requiring any artificial chemical or 

electrical treatments to be transformed, there is a higher chance of mutants being present 

in experiments. Mutants with reduced transformability may now be able to take over a 

population oppose to the gene of interest, identified within A. baylyi ADP1 is a filamentous 

phage which inhibits the growth and transformability of A. baylyi ADP1. These filamentous 

phage’s use the IV pili as their cell surface receptors and target the ADP1 pilus involved in 

natural competence. This is a key disadvantage to using this organism as a host cell 

these phage’s inhibit transformation and reduce growth of ADP1 thus the gene of interest 

(Renda et al., 2016). 

1.11 Summary 

Highlighted in this introduction is the need for vaccines to be able to protect from 

diseases such as Hepatitis B Virus (HBV) in the developing world, but also the many 

storage issues that can arise. These storage issues are due to the need for vaccines to be 
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kept in the cold chain storage between 2-8°C to keep the potency of the vaccination but 

this can be expensive to achieve. Therefore, although other methods have been 

discussed, they are still in the development stages and there is still a need for a new 

storage procedure which is not as costly to store vaccinations. 

The discovery of thermophilic bacterium, especially Rhodothermus marinus was 

interesting due to their ability to withstand high temperatures. R. marinus produces 

osmolytes called compatible solutes in response to the stress placed upon the bacterium 

in order to retain the enzyme activity, the solute of interest is called Mannosylglycerate, 

MG. MG is a solute which is produced by the single-step pathway of converting GDP-

Mannose to MG by using GDP-Mannose as the donor to D-Glycerate as an acceptor, this 

reaction is catalysed by Mannosylglycerate synthase (MGS). To be able to produce MG 

directly from R. marinus is very expensive due to the costs of GDP-Mannose and D-

glycerate and the complex growth conditions. 

By utilising cloning abilities of expression vectors such as the pET system, the appropriate 

gene needed to produce MG can be cloned into a suitable vector by the method of 

restriction cloning. The restriction enzymes used can cut the expression vector at 

particular sites on the genome to manipulate the DNA to contain specific sections of DNA, 

this can be used to insert the MGS gene which produces the enzyme MGS needed for 

the conversion of GDP-Mannose to MG.  

Using the method of restriction cloning to produce recombinant proteins, MG can be 

produced - but the correct organism to utilise is needed. Overall Acinetobacter baylyi 

ADP1 is becoming a bacterium to rival E. coli as a laboratory tool in genetic cloning due to 

its natural competency and small genome. Through the use of metabolic engineering and 

the metZ gene present in the methionine pathway of ADP1, it is hoped that the MGS gene 

can be successful cloned into the genome to grow large amounts of the compound 

mannosylglycerate. Once this protein has been produced, we can harvest and purify this 

protein.  

This now purified protein can be added to a vaccinations mixture as an additive to aid the 

thermostability of the vaccine and provide protection when said vaccine is exposed to 

extreme temperatures. This research aims to utilise the ADP1 bacterium as a microbial 

factory and to develop a new production system to produce an additive for modifying the 

formulation of proteinaceous drugs to enable thermostability.  
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2. Materials and Methods 

2.1.1 List of equipment  

Name Company Model 

Benchtop Centrifuge VWR Micro Star 17 

Thermal Cycler Bio-Rad T100 

Shaking Incubator Thermo Fisher Scientific 496 

Benchtop Incubator  VWR IL53 

Centrifuge Eppendorf 5810 R 

Colourimeter WPA Biowave II 

ChemiDoc MP Imaging System Bio-Rad Universal Hood III 

 

2.1.2 List of reagents 

Reagent Company Product No. 

LB Agar Fisher Bioreagents BP1425-500 

LB Broth Fisher Bioreagents BP1426-2 

Agarose 

Genetic Grade 

Fisher Bioreagents BP1356-500 

MgS04 Sigma-Aldrich M7506 

CaCl2 Sigma-Aldrich C1016 

Anza™ Alkaline Phosphatase Invitrogen LSIVGN2204 

KpnI (50U/µL) Thermo Scientific ER0521 

BglII (10U/µL) Thermo Scientific ER0082 

BamHI (10U/µL) Thermo Scientific ER0051 

EcoRI (10U/µL) Thermo Scientific ER0271 

T4 DNA Ligase Thermo Scientific EL0011 

Phusion High-Fidelity DNA 

Polymerase 

Thermo Scientific F-530L 

Zero Blunt™ PCR Cloning Kit Thermo Scientific K270020 

Tango Buffer (10X) Thermo Scientific BY5 

T4 DNA Ligase Buffer (10X) Thermo Scientific B69 
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DNA Gel Loading Dye (6X) Thermo Scientific R0611 

Lambda DNA/EcoRI plus 

HindIII Marker 

Thermo Scientific SM0191 

SYBR Safe Invitrogen S33102 

Kanamycin Monosulphate Melford K22000 

Ampicillin Sodium Salt Melford A0104 

IPTG Melford I56000 

UltraPure X-Gal Invitrogen 15520034 

TAE 50X Fisher Bioreagents 10490264 

SOC Media Thermo Scientific 1544034 

 

2.1.3 List of kits  

Name Company ID 

QIAquick Gel Extraction Kit  QIAGEN 28706 

QIAprep Spin Miniprep Kit QIAGEN 27106 

GeneJET Plasmid Miniprep Kit Thermo Scientific K0503 

QIAquick PCR Purification Kit QIAGEN 28106 

Each kit was used according to the instructions provided and only the elution buffer 

volume was changed for some protocols from 50µl to 30µl. 

2.1.4 List of bacterial strains and plasmids used 

Bacterial Strains 

Strain Genotype Reason Used 

 E.coli TOP 

10 

F- mcrA Δ( mrr-hsdRMS-mcrBC) 

Φ80lacZΔM15 Δ lacX74 recA1 

araD139 Δ( araleu)7697 galU 

galK rpsL (StrR) endA1 nupG 

Chemically competent cells that 

provide high transformation efficiency 

and a high-copy number of plasmids to 

be produced. 

E.coli XL1 

Blue 

recA1 endA1 gyrA96 thi-1 

hsdR17 supE44 relA1 lac  

Chemically competent cells that allow 

blue-white screening and the high 

transformation efficiency and 

preparation of plasmid DNA. 

E.coli BL21 

Tuner Cells 

F–ompT hsdSB (rB
– mB

–) gal dcm 

lacY1(DE3) 

Contains lacZY deletion for adjustable 

levels of protein expression, this allows 

IPTG into all cells and the amount 

expressed can be adjusted by 

concentration added. 
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Plasmids 

Plasmids Chapter Used Reason Used 

pET22b 3 To compare the growth of the plasmid with pJF50. 

pJF50 3 To compare the growth of the plasmid with pET22b, 

pJF50 is genetically modified pET22b. 

pCR-

Blunt 

4 Used as a shuttle vector to develop the insert which is 

then going to be inserted in ADP1. 

pGD1 4 & 5 Contains the kanamycin resistance cassette which is 

used as the selective marker for the insert when cloning 

into the shuttle vectors. 

pUC19 5 Used as an alternative shuttle vector to pCR-Blunt to 

develop the insert which is then going to be inserted in 

ADP1. 

2.1.5 Bacterial Growth  

Luria-Bertani (LB) media was used throughout. To reduce contamination into growing 

cultures all protocols that involved bacteria were carefully performed under aseptic 

conditions, within 30cm of a blue Bunsen flame. The two antibiotics used, kanamycin and 

ampicillin, used were stored in the fridge before being made up as stocks of 50mg/ml to 

allow negative selection. These stocks were stored in the fridge at 4°C. 

2.1.6 Transformation of plasmid into E.coli 

Competent cells (section 2.1.9) were removed from the -80°C freezer and defrosted over 

ice for 30 minutes before being used. 1-2µg/µl of plasmid was aseptically added to the 

competent cell stock and left on ice for 30 minutes before being heat shocked in a water 

bath at 42°C for 45 seconds. After this the samples were placed on ice for 2 minutes. 

200µl of SOC media was added to each aliquot and placed in a 37°C shaking incubator 

for 1 hour. 200µl was spread onto LB-Agar with the appropriate antibiotic and the plates 

were placed in a 37°C incubator overnight. 

2.1.6 Blue/White Screening Agar Plates 

To make up the agarose plates in which would allow blue/white screening a stock of LB-

Amp-XGal-IPTG plates were made according to these quantities. 

400ml LB Agar 800µl X-Gal solution @50mg/ml 

400µl Ampicillin @ 50mg/ml 400µl IPTG @0.1M 

 



21 
 

2.1.7 Restriction Digest 

Single Restriction digests were incubated at 37°C for 1.5 hours. When performing double 

digests, the concentration and volumes of each enzyme were carefully considered. 

The volumes and final concentrations of the reaction mixtures are as follows; 

For Extraction:      

 Volume Final Concentration 

Plasmid 20µg <1µg/µL 

10X Buffer 8µL 1X 

dH2O 48µL 

Enzyme 4µL 1U/µL 

 

For Analysis: 

 

 

 

 

 

2.1.7.1 Double Restriction Digest with BamHI and BglII 

The double digest protocol for BamHI and BglII was calculated on the Thermo Scientific 

website using the DoubleDigest calculator. 

 Control BamHI BglII Double 

Plasmid 2.5µL 2.5µL 2.5µL 50µL 

10X Tango 2µL 2µL 2µL 16µL 

BglII 0 0 1µL 5µL 

BamHI 0 1µL 0 5µL 

dH2O 5.5µL 4.5µL 4.5µL 16µL 

 

 Volume Final Concentration 

Plasmid 2.5µg <1µg/µL 

10X Buffer 1µL 1X 

dH2O 15.5µL 

Enzyme 1µL 1U/µL 
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2.1.8 Alkaline Phosphatase Treatment 

Following restriction enzyme digestion of DNA, 2µl alkaline phosphatase was added to 

38µl of the cut DNA to remove the 5’ and 3’ phosphate groups 

Solutions were incubated at 37°C for 1 hour, followed by 80°C for 10 minutes, and finally 

stored at -20°C. 

2.1.9 Competent Cell Production 

The main method used to make chemically competent (E.coli TOP 10, XL1-Blue and 

Tuner) cells, is from glycerol stocks in a -80°C freezer. These cells were streaked onto 

Luria Bertani (LB) agar and inverted in a 37ºC incubator overnight. From these plates, a 

colony was isolated and grown in 100ml of LB Broth at 37°C shaking at 210rpm. The 

optical density at 600nm was recorded every hour until an OD600nm of around 0.4 was 

reached. Once attained the cultures were put on ice and left for 30 minutes, then pelleted 

by centrifugation at 4000rpm, using a 5810 R centrifuge (Eppendorf) for 5 minutes. The 

supernatant was decanted, and the pellet re-suspended in 3ml of 0.1M MgSO4 before 

being centrifuged again at 4000rpm for 5 minutes. The supernatant was decanted, and 

the pellets were re-suspended in 1ml of 0.1M CaCl2 before being left on ice overnight. If 

not used the next day 1.9ml of 50% glycerol was added to each culture and each aliquot 

was transferred to the -80°C freezer for storage. 

2.1.10 Polymerase Chain Reaction (PCR) 

Each PCR cycle has different conditions; 

Primer Sequence Chapter and Purpose 

M13 

Forward 
GTA AAA CGA CGG CCA G 

Chapter 4 & 5 – Analysis of 

constructs, using the primer 

sites for ligation and colony 

PCR to select the metZ 

fragment after ligation 

M13 

Reverse 
CAG GAA ACA GCT ATG AC 

JPJF3 GGA TAT TCC AGC ACA GAT CTA GAT TGC TCA TGC Chapter 4 - Quikchange PCR 

to insert BglII site into metZ 

gene JPJF4 GCA TGA GCA ATC TAG ATC TGT GCT GGA ATA TCC 

MGS-

TRF 
CGC TCT GGA AAA CTG ACC GTG GTC ATC CG 

Chapter 3 – Quikchange 

PCR to insert the mgs gene 

into the NdeI and Xhol sites 

in pET22b MGS-

TRR 
CGG ATG ACC ACG GTC AGT TTT CCA GAG CG 
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 Quikchange PCR Colony PCR M13 PCR 

 Volume Concentration Volume Concentration Volume Concentration 

Template 1µL <1µg/µL N/A 0.5µL <1µg/µL 

2U/µL High-

Fidelity DNA 

Polymerase  

0.5µL 

0.02 

units/50µL 

reaction 

1µL 

0.02 

units/50µL 

reaction 

1µL 

0.02 

units/50µL 

reaction 

5X Buffer 10µL 1X 10µL 1X 10µL 1X 

12.5mM 

dNTPs 
0.5µL 0.125mM 0.5µL 0.125mM 0.5µL 0.125mM 

Forward 

Primer 
1µL 0.125µg/µL 2µL 0.1µg/µL 2µL 0.1µg/µL 

Reverse 

Primer 
1µL 0.125µg/µL 2µL 0.1µg/µL 2µL 0.1µg/µL 

dH2O 36µL 35.5µL 34µL 

Total Volume  50µL 50µL 50µL 

 

 Quikchange PCR Colony PCR M13 PCR 

 Temperature Time Temperature Time Temperature Time 

Initial 

Denaturation 
95°C 

2 

minutes 
94°C 

2 

minutes 
94°C 

2 

minutes 

Denaturation 95°C 
30 

seconds 
94°C 1 minute 94°C 1 minute 

Annealing 55°C 
30 

seconds 
55°C 1 minute 55°C 1 minute 

Extension 72°C 
6 

minutes 
72°C 1 minute 72°C 1 minute 

Final 

Extension 
72°C 

6 

minutes 
72°C 

7 

minutes 
72°C 

7 

minutes 

Cycles 18 25 25 

2.1.11 PCR Purification 

DNA from a PCR was purified, removing primers, nucleotides, enzymes, mineral oil, salts, 

and other impurities from the mix, using the QIAquick PCR Purification Kit following the 

manufacturers protocol provided. The plasmid was eluted into 50µL Buffer EB. 

2.1.12 Ligations of Construct into Plasmid 

Ligations of vectors and inserts were performed at a number of different ratios to try and 

improve the efficiency of the ligations. 

Ligations were left at room temperature overnight for approximately 16-18 hours. 
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* The insert amounts were adjusted based on the brightness of the bands to produce an 

approximate 3:1 ratio of vector to insert was achieved. 

2.1.13 DNA Agarose Gel Electrophoresis 

To analyse the DNA 1% agarose gels were made using 1X Tris-acetate-EDTA, TAE, using 

a SYBR Safe stain, from Invitrogen, diluted to a 1:10 ratio. The samples were loaded 

using a 6X loading dye from Thermo Scientific, using 1µL of loading dye to 5µL of sample 

and loading 5µL into each well. The samples were loaded against the Lambda DNA/EcoRI 

plus HindIII Marker ladder, from Thermo Scientific, for 1 hour at 100V in 1XTAE and then 

visualised using the ChemiDoc MP Imager under the Image lab system using the SYBR 

Safe setting.  

2.1.14 DNA Gel Extraction 

The agarose gel from which to extract from was made following method 2.1.13, 50% 

glycerol was used in replace of the loading dye. Loaded into the wells was 50µL of the 

plasmid for extraction to 25µL of was 50% glycerol and the DNA fragments were 

extracted from agarose gels using the QIAquick Gel Extraction Kit following the 

manufacturers protocol provided. The plasmid DNA was eluted in 30µL Buffer EB.  

2.1.15 Miniprep Production 

Plasmid DNA was extracted from host cells using the QIAprep Spin Miniprep Kit and the 

GeneJET Plasmid Miniprep Kit from Thermo Scientific, following the manufacturers 

protocol provided. The plasmid DNA was eluted in 50µL Buffer EB. 

Ligation Number 1 2 3 4 5 

Vector (µL) 1 1 1 1 1 

Insert (µL) 10* 5* 15* 0* 0* 

5U/µL T4 Ligase (µL) 1 1 1 1 0 

10X Buffer (µL) 2 2 2 2 2 

dH2O (µL) 6 11 1 16 17 
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2.1.16 Growth Curve  

2.1.16.1 Construction of the Plasmids 

The pJF50 plasmid was produced in the Flint et al. paper from 2005. This involved 

amplifying the mgs gene from R. marinus genomic DNA and then cloning it via restriction 

sites into a plasmid of choice. In the construction of this plasmid, the gene was cloned 

into the NdeI and XhoI sites in the plasmid pET22b, the plasmid was then further modified 

via a QuikChange™ site-directed mutagenesis using specific primers. pJF50 is 397bp 

longer than pET22b due to the insertion of the mgs gene making it a larger plasmid, the 

pET22b plasmid was used from a stock of a miniprep of the plasmid stored in a -20ºC 

freezer. 

2.1.16.2 Expression of the Plasmids 

To express each of the plasmids used and grown in this experiment, approximately 5µg/µl 

of each were transformed (section 2.1.9) into the Escherichia coli Tuner strain and grown 

up on an LB media agar plate with 50mg/ml Ampicillin and placed in a 37 ºC overnight 

and taken out in the morning allowing an average 16-21 hour growth.  

Broths of LB media were prepared and 10ml of LB media with 50mg/ml Ampicillin were 

inoculated with multiple colonies from the Tuner cell growth plates of pET22b and pJF50. 

These broths were placed in a 37 ºC shaking incubator overnight and taken out the next 

morning. 

2.1.16.3 Preparation of Cultures for Sampling 

200ml of LB media broth with 200µl of 50mg/ml Ampicillin were placed in the appropriate 

temperature orbital shaker for 30 minutes. From this, 2 out of the 4 cultures for each 

plasmid had 0.1mM of IPTG added to a 50µl/mg concentration in the media and all media 

was with 50µl/mg Ampicillin. Each appropriate conical flask was inoculated with 2ml of the 

overnight cultures which have been measured on a colorimeter to similar optical 

densities, at 600nm.  

1ml of each sample was taken every 45 minutes over a 405-minute period and the optical 

density, at 600nm, noted. 
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3. The protection of E.coli cells by the recombinant expression of 

MGS 

3.1 Introduction 

The main objective of this chapter was to show that at a high temperature, the mgs gene 

present in a plasmid would allow thermal protection of the bacterial cell. In the 

experiments pJF50 was used, a plasmid which is derived from pET22b but manipulated to 

contain this mgs gene to compare it to the growth of pET22b. In theory, cells containing 

pJF50 should be able to grow at a higher temperature than cells containing pET22b 

through the protection caused by the presence of MG within the cell.  

 

Figure 3 Shows an insert from the pJF50 plasmid, highlighting the mgs gene in the pET22b plasmid. 

The pET system was chosen as the system of choice due its wide variety of pET vectors, 

which are effective at expressing proteins, this means that any genes on the plasmid 

should be highly expressed. pET22b was used as the plasmid to modify due to the 

versatility of pET vectors as it is also very easy and cheap to manipulate this E.coli 

derivative. Moreover, the presence of the T7 RNA Polymerase in the plasmid, which 

initiates transcription and translation, allows the use of IPTG to initiate more activity from 

the plasmid as the T7 system is under the control of the lac operon.  

IPTG can further enhance the expression of genes, this is due to allolactose from IPTG 

binding to the lac operon and stimulating more growth expression of the gene under the 

control of the T7 promoter in the cell. Adding IPTG allows a comparison of growth with 

and without IPTG expression of the gene.  

Mannosylglycerate (MG) is produced by two different pathways in response to high 

temperatures but in this case, the focus is on the one-step pathway. This pathway 

involves the transfer of α-mannosyl residues from GDP-mannose to D-Glycerate which 

forms MG with Mannosylglycerate Synthase (MGS) catalysing the reaction. The aim was 

to use this pathway and the mgs gene to determine if when MG is expressed within a 

plasmid that it is enough to provide a cell with heat protection from high temperatures. 
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The hypothesis of this experiment is that bacteria with plasmid pJF50 will be able to grow 

better at higher temperatures than bacteria with plasmid pET22b because the addition of 

the mgs gene. The addition of IPTG to the cultures should bring about more growth in the 

broths as the compound will initiate more transcription within the cells. 

3.2 Method and Expectant Results 

As the method 2.1.16.1 describes, pJF50 was from the Flint et al. paper from 2005 and 

pET22b was from a stock, from this both plasmids were transformed into Tuner cells 

(section 2.1.9) these competent cells were used as they are mutants of E.coli BL21. The 

IPTG was made up to a 0.1mM concentration, this concentration is commonly used in 

molecular biology to keep expression at similar levels and inducing less damage to cell 

growth (Larentis et al., 2014). IPTG was added to the cultures to induce growth at the 

start of the experiment when the media was being inoculated and is up to the specific 

temperature (section 2.1.16.3) 

The cultures were grown (section 2.1.16.2) in order to assess the growth rates of Tuner 

cells containing pET22b and pJF50 at 37°C and 50°C over a 405-minute period, values of 

optical density were recorded.  

Throughout each experiment the 37ºC flasks were set up as a control to compare with 

higher temperatures, this was also to ensure, at the optimum growth temperature, each of 

the transformed bacterial strains grew as expected with IPTG and without IPTG in LB 

Broth. The average OD600 for each of the different temperatures and conditions were 

calculated from 3 experiments which were under the same conditions. Each of the 

cultures were inoculated with the same density of overnight culture of approximately 0.9 

OD600. 

The results expected once the experiment had started was the eight cultures to stay in 

the lag phase while they adjust to their new environment. Once all the bacteria at both 

temperatures had time to adjust, they should start to enter the log phase of growth, also 

known as exponential stage. This is the main growth period where the cells start to divide 

rapidly and the cells keep on growing until they reach the stationary phase, this is when 

the cells stop growing due to exhaustion of nutrients. After this phase the cells then enter 

the dead phase where they lose all ability to replicate as the number of dead cells exceed 

that of living cells (Wang et al., 2015). 
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Figure 4 Shows the typical stages of growth in culture medium (Wang et al., 2015) 

More specifically in relation to the cultures, the four growing at 37°C should grow all the 

same as this temperature is an optimum growing condition for Tuner cells containing both 

plasmids pJF50 and pET22b and the growth should be very exponential. The addition of 

IPTG to these cultures should increase the growth further to make these growth curves 

the optimum due to, in theory, all cells were able to perform transcription and enter the 

exponential phase. 

The four other cultures grown at 55°C should grow differently, the two cultures of Tuner 

cells containing pJF50 should grow significantly better than the two other cultures of 

Tuner cells containing pET22b. The culture of Tuner cells containing pJF50 should have 

protection against the higher temperatures , due to addition of the mgs gene, and the 

addition of IPTG within the media should show an even better survival of cells at this 

temperature due to the IPTG increasing induction within the cells. This means the cultures 

should enter the exponential phase and be able to divide and grow at this heat. The 

addition of IPTG to the pET22b containing cultures should have no effect as these cells 

will have no thermophilic protection and in theory should not enter the exponential phase. 
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3.3 Results and Discussion 
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Figure 5 A Graph of the growth of Tuner cells containing pET22b and pJF50 at 37 ºC and 55 ºC with or without IPTG over a 405-minute period. Samples taken every hour and OD measured 

at 600nm 
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The results predicted were different to the results achieved and the values of 

optical density above 2.5 were not included in the results data set, due to above 

this level the optical reader cannot accurately give a result.  

From Figure 5 the highest growth was achieved from Tuner cells containing 

pET22b without IPTG at 37ºC, as shown by growing to a higher optical density 

after 405 minutes than the rest of the other plasmids tested. This growth curve 

shows the typical lag to exponential phase of growth. Surprisingly, the second 

culture to grow the best was the Tuner cells containing pET22b without IPTG at 

55ºC, highlighted by the green solid line on Figure 6. This is not as predicted as 

due to the higher temperature and the typical growth of Tuner cells containing 

pET22b this organism should not have been able to grow into the exponential 

phase as it is not a thermophilic bacterium.  

Moreover, there is also evidence that above 50ºC E.coli strains show low to no 

growth, as pET22b is a pET plasmid derived from E.coli the fact that in this 

experiment Tuner cells containing pET22b without IPTG showed growth at these 

higher temperature is opposite of expected. The minimal growth of DH5α strain of 

E. coli is shown in Figure 7 below, the graph indicates that the strain can grow 

above the optimum 37°C after 24, 48 and 72 hours but the absorbance for these 

temperatures are below 0.3, thus a low growth. But some growth is seen at the 

higher temperature of 45°C (Nguyen, 2006). 

 

Figure 6 A comparison of temperatures over different time periods to show the growth of DH5α in NB media. 

The averages of 30 samples are shown in the chart (Nguyen, 2006). 



31 
 

Although optimum conditions for growth are hot and moist environments above a 

certain temperature, which in the case of E.coli is 37°C, these conditions can 

cause some cells to lyse. To compare this experiment by Nguyen in 2006 and the 

one performed in this chapter, there is a difference in the medium in which the cells 

were grown in and different cell types. The medium used was nutrient broth (NB) 

opposed to LB media used in the growth curves in this chapter, when compared 

both these medias are complex media, which means they contain materials of 

biological origin such as blood or milk or yeast extract or beef extract needed for a 

cells growth (Ichhpujani et al., 2008). Despite this, the information from this study 

seems to contradict why the pET22b plasmid used in these experiments, an E. coli 

plasmid, allowed the hosts Tuner cells to grow at higher temperatures than 37°C.  

Furthermore, Figure 5 also shows the Tuner cells containing pJF50 plasmid did not 

grow as well as Tuner cells containing pET22b at both 37ºC and 50ºC without 

IPTG present. The orange solid and dashed line of Tuner cells containing pJF50 at 

37ºC in Figure 6 show the growth curve for theses cultures, the final optical density 

reached after 405-minutes is also less than half that of Tuner cells containing 

pET22b at 37ºC. This is very unexpected as even due to addition of mgs gene in 

this plasmid the growth should be almost identical to that of Tuner cells containing 

pET22b at 37ºC. 

One of the main theories which can result in low growth of Tuner cells containing 

pJF50 was due to the metabolic burden that was placed on the plasmid. This 

‘burden’ is linked to recombinant protein production in E. coli strains. Metabolic 

burden relates to the number of resources a cell has that are taken away to 

support DNA replication and maintenance when genetically modifying cells. 

Consequently, when Tuner cells containing pJF50 were attempted to be cultured 

at different temperatures, both 37ºC and 55ºC, this metabolic burden of the 

plasmid could have led to a decreased plasmid copy number. At 37ºC this can be 

indicated by the Tuner cells not hitting the exponential phase of growth until much 

later than Tuner cells containing pET22b at 37ºC and at 55ºC this could mean for 

pJF50 that little MG was produced to protect the cell at higher temperatures. 

Moreover, the whole plasmid stability of pJF50 could have had a contributing 

factor, when a plasmid is modified in any way such as deletion, insertion or 
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rearrangement of the plasmid DNA this can cause structural instability. Therefore, 

when the mgs gene was inserted into the genome of pET22b this could have 

caused the plasmid to become unstable due to the addition of a gene increasing 

the plasmid size. This can cause the same effects as metabolic burden and case 

the host culture to have low or no growth; these results were seen during this 

research (Silva et al., 2012).  

To support these two theories the growth curves for Tuner cells containing pJF50 

at 55ºC with and without IPTG can be studied. These two growth curves shown on 

figure 6 at the bottom of the graph as purple solid and dashed lines, indicate that 

the two cultures never exited the lag phase of growth.  

It could have also been possible that the initial inoculums of Tuner cells containing 

pJF50 and pET22b were contaminated with another bacterium. This can be shown 

in the experiment results by the control growth curve of Tuner cells containing 

pJF50 at 37ºC, this culture without IPTG grew at a lower rate than the controls for 

Tuner cells containing pET22b at 37ºC without IPTG. This could have been down 

to several factors such as not selecting a colony which contains the correct protein 

for MG production to protect the cell, the production of the enzyme slows growth, 

or changes made to the plasmid slows growth rate.  

Tuner cells were used to transform each plasmid into, these competent cells are 

used as they are mutants of BL21. They have the lacY deletion which means that 

no lactose permease is produced, normally when this gene is present it will readily 

diffuse lactose out of a cell to match the proton gradient. However, in Tuner cells 

the entry of IPTG is only regulated by concentration-dependent diffusion therefore 

the levels of IPTG present within the cell are adjustable. This means the amount of 

IPTG induced with stays within the cell without getting ‘pumped out’ by the lacY 

gene, so is the ideal competent cell for IPTG induction (Mühlmann et al., 2017). 

However, the addition of IPTG to four of the eight cultures could have also had an 

influence on the results achieved in Figure 5, the broths were induced with 0.1mM 

of IPTG at the beginning of their growth curve. The stage in which the cells were 

induced with IPTG could have influenced the results achieved, evidence of this was 

documented in a 2013 paper where E. coli cultures were induced with 0.3mM 

IPTG at OD600 0.1 when the cells were in early-log phase and OD600 0.6 when the 
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cells were in a mid-log phase. However, in this specific paper after they had 

induced the cells with IPTG they were grown at 4°C for 48-72 hours. From this it 

showed that when IPTG was added in early-log phase it produced a 2-3 fold higher 

soluble protein amount compared to being added in mid-log phase (San-Miguel et 

al., 2013). 

Although this is evidence of IPTG improving growth, depending on when it is 

added, there is a paper from 2014 by Larentis et al., which shows that it can, in 

fact, hinder growth.  E. coli was induced with 0.55mM of IPTG at 0.75 absorbance 

to stimulate recombinant expression, once added the post-induction temperature 

was kept at 28°C for 4 hours. But in this experiment it showed that after induction 

the bacterial growth fell over 60%; this could have been caused by the toxic effect 

that IPTG can have and how it can cause a metabolic burden on the cell due to the 

gene expression (Larentis et al., 2014).  

Out of all of the cultures grown, those inoculated with IPTG grew to a lower optical 

density than the same cultures grown at the same temperature. This could be 

explained by the potentially toxic effects that IPTG can have on a cell because of 

the rapid and strong expression stemming from the stimulation IPTG causes on the 

lac operon. When added the cell will redirect its metabolic capabilities to produce 

more recombinant proteins known as the metabolic burden, this is when the cell 

will overconsume metabolic precursors such as amino acids, ATP and rRNA to 

power the cells synthesis of protein. This can cause a toxic effect as the cell is 

taking energy away from the essential pathways to fulfil the demand placed on the 

lac operon, there is also potential for the build-up of metabolic intermediates 

(Dvorak et al., 2015). 

The concentration of IPTG added in these two papers was higher than the 0.1Mm 

that was used to assess the growth of Tuner cells containing pET22b and pJF50, 

however the mention of IPTG being a toxic effect on the growth can be related to 

these experiments. The addition of IPTG at the start of the growth could have 

caused a metabolic burden on the cells having not grown to a mid-log stage before 

being induced. This could explain the unexpected results when IPTG was present. 
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3.4 Recommendation for Further Work 

To conclude, the results achieved did not match the hypothesis and expected 

results. To be able to make a conclusion on the results gathered and how Tuner 

cells containing pET22b managed to grow at 50°C and why Tuner cells containing 

pJF50 did not seem to be thermostable, a separate growth curve of the Tuner 

competent cells used would be advisable. This would allow the comparison of the 

growths across the cells and especially identify if the competent cells have a good 

growth rate themselves. 

From the cultures, the cells can then be selected to be looked at more closely to 

see if there is any MGS produced, this can be done by running an SDS-PAGE on 

these cultures and investigating the level of protein present. This will separate the 

proteins present by mass and in theory there should be MGS present in cultures 

which are able to survive at thermophilic temperatures. To identify whether plasmid 

stability or metabolic burden was an issue during growth it should be ensured that 

both pET22b and pJF50 are sequenced to identify both sizes of the plasmid and 

throughout the growth of these regularly assess the plasmid copy number. 

Due to the lack of promising results obtained when working with pJF50 the next 

chapters focus on the work of setting up a new plasmid vector to be able to 

manipulate and insert the mgs gene into. This involves creating a new insert which 

will be able to produce MG and be insertable into A. baylyi ADP1 genome as an 

alternative to using an E. coli replication system. 
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4. Construct creation using pCR™-Blunt for the insertion of mgs 

gene into the ADP1 genome 

4.1 Introduction 

The next stage of the project was to insert the mgs gene, which codes for 

mannosylglycerate into A. baylyi to create an organism capable of creating large 

volumes of mannosylglycerate.  In order to do this, a plasmid shuttle vector was 

needed to transfer the mgs gene into the genome of A. baylyi.  This involved 

creating a plasmid construct that contained the mgs gene embedded within a site 

that would homologously recombine with the A. baylyi genome, resulting in the 

bacterial cell producing MG. 

This section of research aimed to build a construct in a shuttle vector, after which 

the relevant genes can then be cut out via restriction enzymes and then inserted in 

the genome of A. baylyi ADP1. From this, the methionine pathway and more 

specifically metZ was chosen as the gene for homologous recombination. This 

pathway was chosen because when the gene metZ is modified and will no longer 

work, ADP1 has alternative methods to produce methionine and the methionine 

pathway will still work and encode for the mgs gene. It is hoped that the compound 

mannosylglycerate will be produced and this can highlight the potential of ADP1 as 

a new model organism for cloning and one which should be further explored. 

4.1.1 Methionine production in A. baylyi 

Methionine is an amino acid that takes part in key functions in a cell such as 

protein synthesis, specifically initiation and translation. All bacterial species 

possess the biosynthetic pathways for methionine, however there are different 

genes that encode for different reactions within this pathway usually with the prefix 

met-(Ferla and Patrick, 2014).  

ADP1 has also been noted as one of the few that has both pathways of methionine 

biosynthesis. These being: 1) the transsulfuration pathway through cystathionine 

(CTT); 2) the sulfhydrylation pathway in which homocysteine is formed in one step 

(De Berardinis et al., 2008). Also, within Actinobacteria there are 88 metZ genes 

that encode for sulfurylation enzymes, the metZ-encoded enzymes are presumed 

to be responsible for the one-step conversion of O-succinylhomoserine to 
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homocysteine. (Ferla and Patrick, 2014). Therefore, attempting to recombine into 

this gene first would be a good start as when one pathway is interrupted the other 

pathway will still work. 

Figure 7 Diagram to show the first steps of methionine biosynthesis in ADP1 and E. coli. Essential genes are 

shown in red, whereas nonessential genes are in green (De Berardinis et al., 2008). 

4.1.2 The theory of homologous recombination 

For the integration of foreign DNA into the genome of Acinetobacter baylyi ADP1, 

the heterologous DNA fragments are transformed effectively if they contain a single 

region. Recombination sites chosen should have complete homology at the end of 

each construct to achieve recombination and recognition (De Vries and 

Wackernagel, 2002). From this, using the Database of Essential Genes (DEG) to 

view potential gene targets, the methionine pathway was chosen and metZ was 

identified as the gene of interest, which encodes for o-acylhomoserine 

sulfhydrylase enzyme and disrupts biosynthesis within ADP1 (Umland et al., 2012). 
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4.1.3 PCR-Blunt as a shuttle vector 

Now identified, the metZ gene, as shown in the figure below, once manipulated 

can start to change the metabolic process of the bacteria by inserting along this 

gene.  

Figure 8 Vector map of pCR™-Blunt.  The pCR™-Blunt vector will be modified for the insertion of our 

constructs. 

To clone the mgs gene into A. baylyi ADP1, a shuttle vector is required to create 

the construct before being inserted into the ADP1 genome. The vector pCR™-

Blunt from Thermo Fisher was selected. A shuttle vector is a bacterial plasmid 

vector but with added components, they have two origins of replication – one of 

which works in yeast allowing a higher number of organisms to be initiated. 

Moreover, they will also have two separate selection mechanisms, one for working 

in plasmids in yeast and the other for bacteria, which is usually an antibiotic 

selection method. This is a more favourable vector for use in cloning due to the 

vector being able to survive in more than one type of host cell (Clark and 

Pazdernik, 2013).  

This vector is an ideal system as it contains the lethal E. coli ccdB gene, which is 

part of a toxin-antitoxin system which is responsible for plasmid maintenance in cell 

division. The ccdB gene codes for the protein ccdB which when expressed causes 
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the DNA gyrase to ‘lock up’ and ultimately cause cell death (Bernard et al., 1994). 

This means that when foreign DNA is inserted into the vector the ccdB gene is 

inactivated. Therefore, since ccdB is toxic to cells, if the insert is not present the 

transformed cells will lyse. But if the ccdB gene is disrupted by the insert the cells 

can survive and grow (Bernard et al., 1994).  

This means that pCR™-Blunt allows for only positive selection of recombinant 

products to grow due to the ccdB gene present therefore, the only colonies 

produced from transformations are ones which must have the foreign DNA 

inserted.  

To improve the quality of the ligation, sticky-end products were produced from 

restriction cloning using sticky-end cutters. The cleavage from these enzymes can 

produce complementary sticky ends which can be ligated together simply using T4 

Ligase. However, the plasmids used should be alkaline phosphatase treated to 

prevent the two sticky ends self-ligating (Hoseini et al., 2015). The enzymes used 

in this section will easily allow DNA fragments to ligate together to form a chimeric 

molecule. DNA T4 Ligase catalyses the formation of covalent bonds between the 

two sticky ended cuts when ligated with ATP in the reaction mixture (Lodish, H.; 

Berk, A.; Zipursky, 2000). 

4.2 Methods, Results and Discussion 

4.2.1 Restriction digest of pBJB1 for analysis 

The starting point for this research was the plasmid, pBJB1, which is based on 

pCR-Blunt of length 3512bp with metZ of length 1192bp, inserted into a BglII site. 

In order to check the plasmid was constructed as expected, a BglII restriction 

digest was carried out (section 2.1.7), the resulting DNA was run on an agarose 

gel (section 2.1.13) and the results presented below in Figure 9.      



39 
 

 

Lane 1 1kb DNA ladder (10kb, 8kb, 6kb, 5kb, 4kb, 3kb (bold), 2kb, 

1.5kb, 1kb) 

Lane 2, 4, 6, 8 BglII digested pBJB1 

Lane 3, 5, 7, 9 Uncut pBJB1 

  
Figure 9 pBJB1 digested with BglII on a 1% agarose gel. 

Figure 9 shows restriction digest analysis on pBJB1 using BglII as the enzyme of 

choice for cutting. The expected result was a single linear fragment of 4704bp 

showing the successful cutting with BglII, however the result seen was two 

separate bands of DNA. These two bands are seen due to the two different types 

of DNA present, supercoiled and open circular, when pBJB1 was cut with BglII due 

to no site present the DNA remained supercoiled which travels faster down the gel 

but the reaction conditions and replication can also form circular DNA which 

travels slower down the gel, thus creating a secondary band. 
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This sample was consequently sent off for sequencing at Eurofins Genomics to 

assess why this did not work. Sequencing of the plasmid using M13 primers 

revealed that it did not contain the BglII site as expected. Figure 10 below shows 

the results of the sequencing, this highlights that lack of site was responsible for 

the results. 

metZ      TCGAATCCCTTGGCTGAAATTGCGGATATTCCAGCACAGATCTAGATTGCTCATGCCCAC

 540 

pBJB1     TCGAATCCCTTGGCTGAAATTGCGGATATTCCAGCACTTGCAGAGATTGCTCATGCCCAC

 261 

          *************************************      ***************** 

4.2.2 The insertion of BglII into pBJB1 

As pBJB1 did not contain a BglII site as expected, the next stage was to 

incorporate one using the Quikchange PCR method (section 2.1.10) in order to 

allow the project to proceed as originally planned.  

To insert the BglII site into pBJB1, a Quikchange PCR was performed using the 

JPF3 and JPF4 primers (section 2.1.10). This PCR should insert a BglII restriction 

site in the centre of the metZ gene, the BglII site acts as a site in which more 

constructs can be cloned into. A hybrid BglII and BamHI site was created to form a 

strong hybrid site, as shown in Figure 11. 

Figure 11 Shows the BglII and BamHI hybrid site. 

This hybrid site was inserted with 517bp before the site and 668bp after the site, to 

create a strong bond between the vector and insert but maintains the BglII site so 

extra inserts can be added after the insertion. This means the BamHI site is gone 

and the BglII site is preserved. The Quikchange PCR should create the pBJB2 

construct which will be metZ with a BglII site in the middle. The expected result 

after digestion following this PCR is a single linear fragment at 4704bp which is the 

3512bp of the pCR™-Blunt vector with a 1192bp insert of metZ, Figure 12 shows 

this desired result. 

Figure 10 Section of sequencing results when pBJB1 was sequenced with 

M13 primers and then compared using Clustal Omega. 
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Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2, 4, 6, 8 BglII digested pBJB2 

Lane 3, 5, 7, 9 Uncut pBJB2 

  
Figure 12 pBJB2 digested with BglII on a 1% agarose gel. 

Figure 12 shows the results of pBJB2 cut with BglII. The agarose gel was run after 

a restriction digest was performed for analysis (section 2.1.7) to check that the 

Quikchange PCR was successful.  
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4.2.3 The insertion of a kanamycin resistance cassette into pBJB2 

Once the BglII site was in the correct position a new selectivity marker of 

kanamycin antibiotic resistance needed to be inserted into the pBJB2 construct, as 

for any DNA transfer to be confirmed there needs to be a selection marker. Many 

plasmids have ‘inbuilt’ selection markers, the most common being antibiotic 

resistance.  If the plasmid that is being inserted is not present in the bacterial cell, 

and the cells are grown on antibiotics, then any bacterial cells not containing the 

plasmid will die.  For molecular cloning to take place within A. baylyi a selection 

mechanism needs to be created, and it was decided that the kanamycin resistance 

cassette would be built into the construct for the transfer of the mgs gene into the 

final organism. 

A plasmid, pGD1 was constructed from pCR™-Blunt and the kanamycin resistance 

gene from pET28b, with a BamHI site on one side and BglII site on the other, 

1238bp in length. This was the source of the KmR gene for this project and by 

performing a double restriction digest (section 2.1.7.1) with BamHI and BglII the 

kanamycin cassette from pGD1 was isolated, with a BamHI and BglII sticky ends. 

The reaction was left at 37°C for 1.5 hours and then loaded onto a 1% agarose gel 

for an agarose gel electrophoresis image to be seen. 
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Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 Uncut pBJB2 

Lane 3 BamHI digested pBJB2 

Lane 4 BglII digested pBJB2 

Lane 5 BamHI and BglII digested pGD1 

  
Figure 13 Plasmids created from the digest of pBJB2 with BglII and BamHI and pGD1 with BgII and BamHI on 

a 1% agarose gel. 

Figure 13 above shows the restriction digest of pBJB2, the fragment size of 

4704bp when cut with BglII is the expected result which is the metZ gene in 

pCR™-Blunt, as shown in lanes 3 and 4. Lane 5 shows the desired fragment size of 

1238bp for the KmR in pGD1 and this can be isolated to be inserted into pBJB2. 

Now the band size of 1238bp is achieved for the KmR insert, this was extracted 

using DNA Gel Extraction (section 2.1.14). However, before being ligated pBJB2 
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and KmR needs to be run on an agarose gel (section 2.1.13) to check the band 

sizes against each other and also assess the brightness of the bands in order to 

calculate what ligation ratios to use. 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 BglII digested pBJB2 

Lane 3 1192bp fragment of DNA extracted from BamHI and 

BglII digested pGD1 

Lane 4 1192bp fragment of DNA extracted from BamHI and 

BglII digested pGD1 

  
Figure 14 Quantification of pBJB2 and pGD1 on a 1% agarose gel. 

Figure 14 shows the results of the quantification of the two plasmids ahead of 

ligation. The correct band size is shown for pBJB2 of 4704bp and for pGD1 of 

1192bp, pBJB2 can then be ligated with the KmR insert to create pBJB3 which 

should be 5942bp (section 2.1.6). This ligation mixture was then transformed into 

XL1-Blue competent cells (section 2.1.6) and then spread plated onto LB media 
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containing kanamycin (section 2.1.5) to grow colonies containing the insert. The 

colonies on these plates were then selected and the DNA was extracted and 

purified to create pBJB3 (section 2.1.15). 

4.2.4 The analysis of pBJB3  

To analyse the ligation mixtures pBJB2 and pBJB3 were cut with restriction 

enzyme EcoRI (section 2.1.7), to check the sizing of the bands produced and that 

the EcoRI sites were present at the end of each of the constructs. EcoRI is used as 

the enzyme of choice as the construct is flanked by EcoRI restriction sites, so as to 

check the full construct (which should now have a KmR insert of 1238bp and a 

metZ gene insert of 1192bp within the boundaries of the EcoRI sites). After the 

restriction digestion was carried out, these plasmids were analysed on an agarose 

gel (section 2.1.13) to confirm the sizes of each fragment. Figure 15 should show 

for all the lanes a single fragment of 3512bp of the pCR™-Blunt vector. But with 

the addition of a 1192bp fragment of the metZ gene in lane 2 and an additional 

fragment of 2430bp which is the metZ gene and KmR in lanes 3,4,5 and 6. 
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Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 EcoRI digested pBJB2 

Lane 3 EcoRI digested pBJB3 

Lane 4 EcoRI digested pBJB3 

Lane 5 EcoRI digested pBJB3 

Lane 6 EcoRI digested pBJB3 

  
Figure 15 EcoRI digest of pBJB1and pBJB3 on a 1% agarose gel.  

Figure 15 shows the results from the EcoRI digestion on pBJB2 and pBJB3, the 

results achieved in Figure 14 were not as expected and therefore another analysis 

method was performed.  

Due to the restriction digest with EcoRI not giving the expected results, to make 

sure that the ligations had not worked, another analysis was done on pBJB2 and 

pBJB3. This was done by performing a PCR of the samples with M13 primers 

(section 2.1.10), these primers are present at the start and end of the pCR™-Blunt 
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product section of the vector therefore the PCR should produce an amplified 

product of the metZ and pGD1 construct together, approximately 2430bp. 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 M13 PCR of pBJB2 

Lane 3 M13 PCR of pBJB2 

Lane 4 M13 PCR of pBJB3 

Lane 5 M13 PCR of pBJB3 

Lane 6 M13 PCR of pBJB3 

  
Figure 16 PCR with M13 primers on pBJB1 and pBJB3 on a 1% agarose gel. 

Figure 16 does not show the results expected, lanes 2 and 3 show the correct 

result of just the metZ fragment which is 1192bp in size. However, lanes 4, 5 and 6 

should show a fragment size of 2430bp and there are only fragments less than 

564bp built up on the bottom of the gel. These fragments are unused primers 

which have been unable to bind to the M13 sites present and therefore have just 

run to the end of the gel.  
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4.2.5 Discussion 

To gather more information on the contents of pBJB2, and to understand the 

results obtained, the BglII digested pBJB2 were sent off to Eurofin Genomics. 

Once results were obtained, they were then analysed using the Nucleotide BLAST 

system on the NCBI website (in FASTA form) to compare to which genome the 

sequence had the most similarities with. When inputted, the BglII digested pBJB2 

sequence was most similar with the Acinetobacter sp. ADP1 complete genome, 

with 939/947 identifying bases with pBJB2. This result was hoped for and what 

was expected as this is supposed to be the metZ genome from ADP1 with a BglII 

site.  

Once the metZ construct had been matched to the ADP1 genome and was as 

expected, the pGD1 construct was also put into the BLAST system to ensure that 

it contained all that was needed to be ligated into the BglII site in pBJB2. When this 

sequence was put into BLAST it was identified with 914/918 identifiers with the 

cloning vector pET28b. This was as expected due to the kanamycin resistance 

cassette in pGD1 was derived from this cloning vector.  

Figure 17 Shows a plasmid map of in theory what pBJB3 should be with each of the restriction enzyme sites 

shown. 

The pCR™-Blunt system is based off the pKIL118/119 system developed with 

kanamycin resistance to allow a different antibiotic selection method to be used. 
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This was to overcome the satellite colonies produced by the pUC-based pKIL18/19 

which is ampicillin resistant, adding to the high selectivity for the correct colonies of 

pCR™-Blunt (Bernard, 1995). However, from the data it can be concluded that 

pCR™-Blunt was not the correct shuttle vector for this research. This was due to 

the genome already containing a kanamycin resistance cassette and by inserting a 

new kanamycin resistance cassette into the metZ gene this could have caused a 

crossover event. 

Figure 16 can also support the likelihood of this cross over event due to the 

unused primer at the bottom of the gel, as this highlights there been no M13 primer 

site for them to bind to. These primer sites have suddenly disappeared, this could 

be a result of molecular cloning but also if the kanamycin resistance cassettes 

have crossed over and destroyed the primer sites. Moreover, a cross over event 

can also be due to genetic recombination and is common to both prokaryotes and 

eukaryotes and contributes to the genetic diversity of DNA. Prokaryotes are 

different in the fact that they do not undergo meiosis as they are haploid however, 

due to the circular chromosome of a prokaryote a double crossing-over event 

needs to take place for a DNA fragment to exchange material (Akita et al., 2017). 

A recombination event is essential for every cell to be able to replicate and the 

crossing-over of the plasmid will allow genetic information to be exchanged to 

create a new combination of DNA sequence (Alberts et al., 2002).  

Another example of a crossover event can occur if during a PCR the polymerase 

does not continue to completion, this can produce partial products which can 

become primers themselves for the next reaction. If this primer associates with the 

template of another similar allele it will give rise to this cross over event (Roberts 

and Polak, 1995) 

However, taking into all the information and the difficulty of molecular cloning it 

would suggest that the ligation has simply not worked. This is shown in Figure 16 

by the small fragments as these unused primers from the PCR as the primers have 

no DNA to bind to and the insert has unexplainably disappeared. 

Overall, pCR™-Blunt should have been a stable shuttle vector to store and build 

the construct which would have been inserted into the metZ gene of ADP1. 

However, the addition of the kanamycin cassette, which were trying to be 



50 
 

introduced into ADP1 as a selection method, simply did not work. To carry on the 

research a new shuttle vector which does not have kanamycin resistance should 

be used, this is to rule out the potential risk of an antibiotic resistance crossover 

event occurring. 
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5. Construct creation using pUC19 into the ADP1 genome 

5.1 Introduction 

Due to the findings in Chapter 4 the next stage was to identify another shuttle 

vector that would be used to successfully insert the mgs gene into the genome of 

A. baylyi ADP1 for mannosylglycerate production. The plasmid pUC19 was chosen 

as a pET system vector for genetic manipulation, the construct will be grown in E. 

coli during manipulation, and finally transformed into ADP1.  

5.1.1 pUC19 as a shuttle vector 

The pUC19 plasmid, which is ampicillin resistant, was chosen as it is a widely 

known plasmid for cloning, this plasmid is also normally the control DNA supplied 

in cloning kits so readily available and relatively inexpensive. The pUC19 vector is 

also a vector which has desirable features for cloning such as; versatile multiple 

cloning sites; small in size;  convenient screening of recombinants; a high copy 

number (Schweizer, 1991).  

 

Figure 18 Vector map of pUC19. The pUC19 vector will be modified for the insertion of our constructs. 



52 
 

The methods used in this chapter were highly similar to the methodology used in 

Chapter 4 in which the multiple cloning site (MCS) and restriction sites present in 

the plasmid were utilised. Restriction enzymes were used to produce sticky ends 

on desired inserts which were then ligated into the vector by T4 DNA Ligase to 

produce desired products.  These manipulated plasmids were grown in competent 

E. coli cells. The constructs were then analysed using agarose gel electrophoresis 

to determine the success of the process.  

5.1.2 Blue/White screening method   

Due to the vector pUC19 from New England BioLabs being used in replacement to 

pCR™-Blunt, a new screening method needs to be used. This is because unlike 

pCR™-Blunt, pUC19 does not contain the lethal ccdB gene for positive selection, 

so instead the process of Blue/White screening method for selection was chosen. 

pUC19 contains lacZ, and in that is the Multiple Cloning Site.  Therefore, in an 

unmodified plasmid, lacZ is produced.  In a plasmid where there has been 

successful ligation, lacZ is knocked out. 

The Blue-white screening method is based on α-complementation, this is the 

combination of two inactive segments, N-terminal segment and C-terminal 

segment, of β-galactosidase -when combined these for an enzymatically active 

form of β-galactosidase. The action of the α-peptide, which is an N-terminal with 

11-41 residues deleted, combining with C-terminal in the presence of 5-bromo-4-

chloro-3-indolyl-β-D-galactopyranoside (X-gal) will allow active β-galactosidase to 

form and cleave the X-gal to dichloro-indigo, a blue pigment. This forms the blue 

colonies which do not have an insert.  

The insertion of a foreign gene, such as the gene of interest, will halt the cleaving 

of X-gal, and in turn the activation of β-galactosidase and X-gal will not be 

hydrolysed (Zhang, 2016). The insertion of a construct into the vector will also 

disrupt the lacZ gene and a white colony will form. To ensure that the lac operon is 

transcribed. IPTG should be added to the media (Welch, 2015). This method 

allows an easy screening method to distinguish between colonies which do and 

don’t have the insert present. 
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5.2 Methods, Results and Discussion 

5.2.1 The isolation of metZ from pBJB2 

To be able to insert the metZ gene into the new vector pUC19, the gene needs to 

be isolated from the constructed plasmid pBJB2 which was created in Chapter 4 

(section 4.2.2). As the metZ gene is flanked by EcoRI restriction sites, a restriction 

digest was carried out with EcoRI (section 2.1.7) to isolate the gene of interest. 

When pBJB2 is cut with EcoRI this should produce two bands, one at 3512bp 

which is the pCR™-Blunt genome and another at 1192bp which is the metZ gene. 

The pUC19 vector provided for this experiment was also EcoRI cut as a control to 

ensure the correct size genome of 2686bp was seen. 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 EcoRI digested pUC19 

Lane 3 Uncut pUC19 

Lane 4 Blank 

Lane 5 & 6 EcoRI digested pBJB2 

Lane 7, 8, 9 EcoRI digested pBJB1 

  
Figure 19 EcoRI digest of pUC19, pBJB1 and pBJB2 on a 1% agarose gel. 
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Figure 19 shows the expected result from the EcoRI restriction digest to isolate the 

metZ gene. This is shown by a single fragment of 2686bp in lane 2 which is the 

expected plasmid size, two fragments in lanes 5 and 6 which are 1192bp and 

3512bp of the metZ gene and pCR™-Blunt genome and a single fragment in lanes 

7, 8, and 9 which is 3512bp of the pCR™-Blunt genome.  

Now both pUC19 and pBJB2 have successfully been EcoRI digested and showed 

correct results on an agarose gel, the next stage was to now extract the 1192bp 

fragment from lane 5 and the 2686bp fragment from lane 2 in figure 19 (section 

2.1.14). Once completed the 2686bp pUC19 fragment was treated with alkaline 

phosphatase (section 2.1.8) to prevent self-ligation. However, before the extracted 

pUC19 and metZ can be ligated the fragments need to be quantified ensure that 

they are the correct size before being ligated. 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 & 3 Isolated metZ from EcoRI pBJB2 

Lane 4 & 5 EcoRI digested pUC19 

  
Figure 20 Quantification of EcoRI digested pUC19 and pBJB2 on a 1% agarose gel. 
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5.2.2 The creation of pBJB4 

The results shown in Figure 20 for the quantification of EcoRI digested pUC19 and 

pBJB2 show the desired results of a 1192bp fragment for metZ and a 2686bp 

fragment. From this pUC19 and metZ were ligated (section 2.1.12) and then were 

transformed into XL1-Blue competent cells (section 2.1.5) and spread onto pre-

made LB-Amp-XGal-IPTG plates for selection (section 2.1.6.1). XL1-Blue 

competent cells were chosen as these cells allow the selection method of 

blue/white screening to take place. 

However, when the ligation agar plates were analysed the results were not as 

expected, a successful ligation should show a relatively low number of individual 

colonies of both blue and white in colour on the agar plate. This was not the result 

achieved, instead a lawn of colonies was seen which is not typical of a ligation 

culture, to further investigate these results the competent cell XL1-Blue was grown 

on an ampicillin agar plate. Due to XL1-Blue being ampicillin sensitive no colonies 

should be seen on this plate, this was not the result achieved and it was concluded 

that there was contamination of the competent cells. 

Top 10 E. coli cells were then selected as an alternative, like XL1-Blue these 

competent cells are also strains of E. coli used for molecular cloning and allow 

blue/white screening. Now the pUC19 and metZ were ligated (section 2.1.6), and 

then transformed into the Top 10 E. coli cells (section 2.1.5) and spread LB-Amp-

XGal-IPTG plates for selection.  

This ligation was successful and achieved a 60:40 ratio of blue and white individual 

colonies across two plates, from these plates around 20 colonies of blue and white 

were selected. Individual white colonies (which should contain an insert) and blue 

colonies (which should not contain an insert), were then grown in LB broth at 37°C 

overnight and then the DNA was extracted and purified (section 2.1.15). These 

new plasmids were named pBJB4a, pBJB4b, pBJB4c and so forth up to pBJB4t, 

to be able to distinguish between each colony which was extracted and purified. 

5.2.3 The analysis of the pUC19 and metZ ligations 

Now a successful ligation, using Top 10 E. coli cells, has taken place and the white 

colonies, presumed to contain the insert, have been successfully extracted and 
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purified, along with some control blue colonies. From the ligation in Chapter 5.2.4, 

of the 20 blue and white colonies which were extracted and purified, 8 colonies, 

labelled pBJB4a to pBJB4h were tested and a restriction digest for analysis was 

performed (section 2.1.7). The enzymes EcoRI was used, as (similar to Chapter 4) 

the metZ gene is flanked by this enzyme, Figure 21 below shows in theory where 

the EcoRI restriction sites should be on the successful white colonies in relation to 

where the metZ gene is in pUC19.

 

Figure 21 The expected construct of the pUC19 and metZ ligation, highlighting the restriction sites. 

The results expected from the restriction digest with EcoRI on the white colonies 

are two fragments, one that is 1192bp which is the same size as the metZ gene 

and another which is 2686bp and is the pUC19 plasmid. On the restriction digest 

of the blue colonies, which do not contain the insert, only one fragment of 2686bp 

should be seen which is only the pUC19 plasmid. 
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Figure 22 Results of a blue/white screening EcoRI digest on pUC19 and metZ ligations on a 1% agarose gel. 

Figure 22 above shows the results that were expected to be seen from the 

restriction digest on both white and blue colonies. The results in lane 2, 4 and 5 the 

ligation was successful due to two fragments, one which is 2686bp for pUC19 and 

another which is 1192bp for metZ. From these successful plasmids, pBJB4a was 

selected and was renamed pBJB4 to be used for further cloning. 

5.2.3 The insertion of a kanamycin resistance cassette into pBJB4  

As similar to Chapter 4.2.3, now that metZ has successfully been ligated into 

pUC19 to create pBJB4, a new selectivity marker of kanamycin antibiotic 

Lane CUT/UNCUT Plasmid Name Colour of 

Colony 

1 N/A Lambda DNA/EcoRI and HindIII DNA Fragment 

Ladder 

N/A 

2 CUT pBJB4a White 

3 CUT pBJB4b White 

4 CUT pBJB4c White 

5 CUT pBJB4d White 

6 UNCUT pBJB4e White 

7 CUT pBJB4f Blue 

8 UNCUT pBJB4g Blue 

9 CUT pBJB4h Blue 
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resistance needs to be inserted into the construct. The plasmid used in Chapter 4 

was used, pGD1, was constructed from pCR™-Blunt and the kanamycin 

resistance gene from pET28b, with a BamHI site on one side and BglII site on the 

other, 1238bp in length.The kanamycin resistance cassette was isolated via a 

double restriction digest (section 2.1.7.1) to be used in further cloning.  

Therefore, the freshly extracted pBJB4 was then alkaline phosphatase treated 

(section 2.1.8) before being quantified on an agarose gel with BamHI and BglII 

digested pGD1 ready for ligation. The quantification should show the BamHI and 

BglII digested kanamycin gene from pGD1 construct which is 1238bp in size and 

the new full construct of pBJB4 which is 3878bp in size. 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 & 3 BamHI and BglII digested pGD1 

Lane 4 & 5 BglII cut pBJB4 

  
Figure 23 Plasmids created from the digest of pBJB3 with BglII and BamHI and pGD1 with BgII and BamHI on 

a 1% agarose gel. 
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Figure 23 shows the successful fragment size of 3878bp for pBJB4 however the 

faint bands, highlighted in red box on Figure 23, below the desired fragments show 

that star activity has occurred. Star activity can be caused during a restriction 

digest, when the restriction enzymes cut the vector and insert at extra sites on the 

genome and therefore when ligated can generate a further fragment that is not 

desired (Wei et al., 2008). The low brightness of these two fragments shows that 

there isn’t much DNA present in these extra bands therefore further ligation can 

ahead as these extra fragments should not interfere with further cloning. 

Now quantified pBJB4 and BamHI and BglII digested pGD1 were ligated (section 

2.1.6) and transformed into fresh Top10 competent cells (section 2.1.5) onto LB 

media containing kanamycin, this will only allow colonies with the new KmR insert 

to grow.  

 

Figure 24 Shows the construct created in theory for pBJB5 including restriction sites 

The colonies grown on the kanamycin resistant media were then selected and the 

DNA was extracted and purified (section 2.1.15), these DNA extracts were called 

pBJB5, and this construct theoretically contained the KmR cassette in the middle 

of metZ within the pUC19 vector. Once extracted pBJB5 was cut with the 

restriction enzyme EcoRI (section 2.1.6) to ensure the ligation had worked, this 

should cut out the new construct of metZ and KmR and the two fragments 

expected are 2686bp for the pUC19 vector and another at 2430bp which is 

1192bp metZ and 1238bp KmR. 
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Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2, 3 & 4 EcoRI digested pBJB4 

Lane 5 EcoRI digested pBJB5 

  
Figure 25 EcoRI restriction digest on pBJB4 and pBJB5 on a 1% agarose gel. 

From figure 25 the result achieved was not as expected, when compared to the 

construct pBJB4 it suggested that the ligation had not worked. From this Figure 

there was indication that the pBJB4 construct had more than likely been 

contaminated, this is shown by the fragment of 3512bp which is the same size as 

the pCR™-Blunt genome and the KmR fragment of 1238bp. The suggestion that 

the result for pBJB4 could be due to a mislabelled tube was explored as this result 

is indicative of EcoRI cut pGD1, although the result seen in lane 5 is still incorrect. 
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5.2.4 The insertion of a kanamycin resistance cassette into pBJB4 using a different 

method 

In the previous chapter the ligation of the KmR gene with a BamHI site on one side 

and BglII site on the other from pGD1, was unsuccessful when using the EcoRI 

restriction sites for analysis after ligation. This was unsuccessful due to the results 

shown in Figure 25 which highlighted an issue with the new pBJB5 which should 

be the kanamycin resistance cassette and metZ gene in pUC19. From this, 

another methodology was needed to ligate the two constructs together, rather 

than the use of EcoRI as an extraction technique. 

The decision was made to purify the kanamycin resistance cassette using PCR, 

instead of cutting it out of a plasmid, this could be done as the cassette has M13 

primer sites flanking the region.  These M13 primer sites also provide the 

opportunity for checking the effectiveness of the ligation, rather than by carrying 

out restriction enzyme digests. M13 primers can be used as they also flank the 

constructs, like that of EcoRI. Therefore, when pBJB4 and pGD1 are ligated again, 

analysis with a PCR using M13 primers should be able to confirm if the ligation has 

worked. 

Firstly, pGD1 needed to undergo an PCR (section 2.1.10) using the M13 primers, 

this will amplify the DNA present in the construct, the DNA was then purified using 

a QIAGEN PCR purification kit (section 2.1.13) to concentrate the DNA present in 

the construct. After this the construct was then double digested using restriction 

enzymes BglII and BamHI (section 2.1.7.1) and then along with BglII cut pBJB4 

was run on an agarose gel (section 2.1.13) to quantify the constructs before 

ligation. The results expected were in lane 2 a fragment of 1238bp which is the 

isolated KmR cassette from pGD1 and in lane 3 a fragment of approximately 

3878bp which is the metZ gene in pUC19..  
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Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2 1238bp fragment of PCR purified pGD1 

Lane 3 BglII digested pBJB4 

  
Figure 26 Quantification of pBJB4 and pGD1 on a 1% agarose gel. 

Figure 26 shows the correct fragments for each of the plasmids and although the 

brightness of the BglII cut pBJB4 fragment in lane 3 is brighter than the kanamycin 

resistance cassette fragment in lane 2 the mixture of ligation ratios used should 

allow a successful ligation. Now quantified the ligation of the PCR purified 

kanamycin resistance cassette and pBJB4 can now be carried out (section 2.1.6) 

to create a new plasmid pBJB5 which should be the kanamycin resistance 

cassette in the middle of metZ within the pUC19 vector. Now ligated the new 
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plasmids can now be transformed into fresh Top10 competent cells and spread 

onto Kanamycin resistant media (section 2.1.5). 

 

 

Figure 27 A plasmid map of the planned plasmid of pBJB5, with each of the restriction sites shown. 

Now transformed and spread on kanamycin resistant media, the colonies which 

grew should be successful ligations of the two constructs which contain the KmR 

insert. From the three successful ligation plates, (ligations 1, 2 and 3) a colony 

PCR was performed (section 2.1.10) using the M13 primers. The PCR was then 

analysed on an agarose gel (section 2.1.13) to check the ligation was successful. 

The M13 primers should flank the full construct of KmR cassette in the middle of 

metZ within the pUC19 vector and when the new plasmids, named pBJB5, are run 

on an agarose gel one fragment of 2430bp should be seen. 

 

 

 



64 
 

 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2, 3, 4 Colony PCR with M13 primers on pBJB5 

  
Figure 28 Colony PCR with M13 primers on re-ligations of pBJB3 and KmR cassette on a 1% agarose gel. 

From the colony PCR in Figure 28 the results gained were not as expected and 

inconclusive, this is because only one fragment, out of three, were recognisable. 

This fragment was 1192bp, which is the size of metZ and the other two fragments 

were not as expected, one was approximately 947bp as per the ladder and the 

other was below 500bp. The 957bp fragment could be explained as amplified 

sections of the genome where the M13 primers have bound to the DNA and 

amplified unexpected regions. The fragments below 500bp, due to the small size, 

are likely to be unused primers which have travelled to the bottom of the gel. 



65 
 

 

From this, a final restriction digest was performed on pBJB4 and pBJB5 (section 

2.1.7) to assess the results and hope to gather some more information. The 

reaction mixture was analysed on an agarose gel (section 2.1.14) and would 

hopefully show an expected fragment for pBJB5 at 2686bp for the pUC19 genome 

and 2430bp for new metZ and KmR construct, they would be very close together 

in size. 

 

 

 

 

Figure 29 EcoRI restriction digest on pBJB4 and pBJB5 on a 1% agarose gel. 

From Figure 29 we can conclude that the ligation of the kanamycin resistance 

cassette and pBJB4 had not worked again. The results showed that in lanes 2, 3 

Lane 1 Lambda DNA/EcoRI and HindIII DNA Fragment Ladder 

Lane 2, 3, 4 EcoRI cut pBJB5 

Lane 5 EcoRI cut pBJB4 
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and 4 there was a band at 2686bp which is the pUC19 genome and at 3512bp 

which is indicative of the pCR™-Blunt genome, with an additional 1192bp fragment 

of metZ. The EcoRI digest on pBJB4 result in lane 5 is also interesting as when 

compared with the same restriction digest in Figure 25 it shows a different result. 

Unfortunately, these results could not be explained and due to these results been 

incorrect samples of pBJB4 and pBJB5 were sent for sequencing at Eurofins 

genomics to confirm inconclusive results. 

When sequenced with M13 primers at Eurofins Genomics, the forward sequencing 

for pBJB4 showed one strong BglII restriction site at 463-468bp, the closer peaks 

and peak resolution highlighted that this site was strong within the sequence. This 

site should allow a strong insertion of the kanamycin into the pUC19 vector. 

 

Figure 30 A Phred quality score of the segment of BglII (AGATCT) restriction site in pBJB4. 

Samples of pBJB5 were sent off for sequencing to Eurofins Genomics to 

investigate the results achieved. These sample results were then compared in 

clustal omega to assess if there were any similarities between the samples, pBJB5 

was the pUC19+metZ+KmR from figure 29 and pBJB4 is pUC19+metZ. 

When these two sequences were compared, there was evidence that the ligation 

had not worked due to the high similarity of the sequences. When sequenced 

using M13 primers the insert is read and a FASTA sequence was produced, 

pBJB4 and pBJB5 both contained a BglII and an EcoRI site as expected. However, 

the pBJB5 sequence was 26bp longer than pBJB4, this suggests something may 

have occurred in the ligation but still shows the ligation did not work.  
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pBJB4  TATGAAAATGCGGCTGAGGCAGCGGCAAAATTTTCAGGTGAAGTATCAGGTAATATCTAT 60 

pBJB5  ------AATGCGGCTGAGGCAGCGGCAAAATTTTCAGGTGAAGTATCAGGTAATATCTAT 54 

           ****************************************************** 

 

pBJB4  TCTCGTTTTACCAATCCAACGGTTGCCATGTTTGAAAAGCGTTTGGCTGCTATGGATGGT 120 

pBJB5  TCTCGTTTTACCAATCCAACGGTTGCCATGTTTGAAAAGCGTTTGGCTGCTATGGATGGT 114 

   ************************************************************ 

 

pBJB4  GCGGAGCGTGCGGTAGCGACCAGTTCAGGCATGGGCGCTCTTTTATCGGTCTGCATGGCT 180 

pBJB5  GCGGAGCGTGCGGTAGCGACCAGTTCAGGCATGGGCGCTCTTTTATCGGTCTGCATGGCT 174 

   ************************************************************ 

  

pBJB4  TTTTTAAAAGCAGGCGATCATGTGATTTGCTCGCGTGCTGTATTTGGTTCAATTGTGGCC 240 

pBJB5  TTTTTAAAAGCAGGCGATCATGTGATTTGCTCGCGTGCTGTATTTGGTTCAATTGTGGCC 234 

   ************************************************************ 

 

pBJB4  TTGTTTGAAAAATATGTTGCCAAATTTGCTGTAGATATCACTTTTGTTGATTTAAACGAT 300 

pBJB5  TTGTTTGAAAAATATGTTGCCAAATTTGCTGTAGATATCACTTTTGTTGATTTAAACGAT 294 

   ************************************************************ 

 

pBJB4  CTGGATGCATGGAAAAATGCGATGCGCCCAGAAACCAAAATGTTGTTTATCGAATCTCCA 360 

pBJB5  CTGGATGCATGGAAAAATGCGATGCGCCCAGAAACCAAAATGTTGTTTATCGAATCTCCA 354 

   ************************************************************ 

 

pBJB4  TCGAATCCCTTGGCTGAAATTGCGGATATTCCAGCACAGATCTAGATTGCTCATGCCCAC 420        

pBJB5  TCGAATCCCTTGGCTGAAATTGCGGATATTCCAGCACAGATCTAGATTGCTCATGCCCAC 414 

   ************************************************************ 

 

pBJB4  AATGCAATGCTTGTGGTGGACAACAGCTTTTGTACACCTGCATTACAGCAACCACTCAAA 480 

pBJB5  AATGCAATGCTTGTGGTGGACAACAGCTTTTGTACACCTGCATTACAGCAACCACTCAAA 474 

   ************************************************************ 

 

pBJB4  CTTGGTGCAGACTTAGTCATGTATTCGGCGACCAAATATATTGATGGTCAGGGACGCGCA 540 

pBJB5  CTTGGTGCAGACTTAGTCATGTATTCGGCGACCATATATATTGATGGTCAGGGACGCGCA 534 

   ********************************** ************************* 

 

pBJB4  CTTGGTGGAGCAGTTACAGGCAGTCATAAATTACTCGAAGAAGTCTTTGGTGTAGTACGT 600 

pBJB4  CTTGGTGGAGCAGTTACAGGCAGTCATAAATTACTCGAAGAAGTCTTTGGTGTAGTACGT 594 

   ************************************************************ 

 

pBJB4  ACACTTGGGCCATCAATGAGTCCGTTCAATGCATGGGTATTCTTAAAAGGTCTAGAAACT 660 

pBJB5  ACACTTGGGCCATCAATGAGTCCGTTCAATGCATGAGTATTCTTAATAGGTCTAGAAACT 654 

   *********************************** ********** ************* 

 

pBJB4  TTACGTTTAAGAATGAAAGCGCATTGTGAAAATGCCCAACAGCTTGCAGAGTGGCTAGAT 720 

pBJB5  TTACGTTTAAGAATGAAAGCGCATTGTGAAAATGCCCAACAGCTTGCAGAGTGGCTAGAT 714 

   ************************************************************ 

 

pBJB4  CAGCACAAAAACGTTGAAAAAGTGTATTACGCAGGTTTACCACAGCATATTGGTCATGAA 780 

pBJB5  CAGCACAGAAACGTTGAAGAAGTGTATTACGCAGGTTTACCACAGCATATTGGTCATGAA 774 

   ******* ********** ***************************************** 

 

pBJB4  CGCGCGACCAAACAGCAACAGGGTTTCGGCGGTATTGTCTCATTTGTGGTGAAAGGTGGA 840 

pBJB5  CGCGCGACCAAACAGCAACAGGGTATCGGCGGTATTGTCTCATTTGTGGTGAAAGGTGGA 834 

   ************************ *********************************** 

 

pBJB4  CGCGAAGGGGCTTGGAAAGTCATCGACAATACCCAATTTATTTCAATCACAGGTAATTTG 900 

pBJB5  CGCGAAGGGGCTTGGAAAGTCATCGACAATACCCAATTTATTTCAATCACAGGTAATTTG 894 

   ************************************************************ 

   

pBJB4  GGTGAAGTG-------------------------------- 909 

pBJB5  GGTGATGTGAAATCGACCATTACCCATCCCGCAACACCACA 935 

                    ***** *** 

Eco RI  BglII 

 

Figure 31 FASTA sequencing alignment for the forward sequences as compared on Clustal Omega, the 

highlighted sections are identified using the key above. 
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5.3 Discussion 

5.3.1 Blue/white screening 

Due to the change of shuttle vector to pUC19 and the need for a new selection 

method blue/white screening was chosen, this method utilizes the lacZ gene which 

starts off transcription in the lac operon. This method is highly used in the selection 

of Gram-negative bacteria, but there are some limitations in Gram-positive 

bacteria. One of these limitations is the growth of false positives, these colonies will 

still appear white in colour but can arise when a small piece of DNA is ligated into 

the MCS but not the desired insert. This could disrupt the reading frame for lacZ 

and prevent the insert from being expressed, but there are also some instances 

where blue colonies may contain the insert where the expression means that lacZ 

can still be read as a functional gene (Padmanabhan et al., 2011). 

This means that although the colonies selected from the blue/white screening are 

analysed that there can be errors in the method which can lead to no results. An 

example of this is in Figure 22 where in lane 3, when analysed, no DNA was 

present in the colony assessed shown by no fragment present on the agarose gel. 

This increases the presence of false colonies on agar plates as these colonies next 

to the recombinant colonies will both appear white and when selecting the white 

colonies for analysis this means that they could become contaminated if a satellite 

colony is accidentally picked alongside a true colony (Kieleczawa, 2005). Luckily 

other colonies tested gave correct results, but this method does present false 

positives. 

Moreover, there is also evidence that instead of putting the chemicals into the 

agar, a solution containing both IPTG, and X-gal can be sprayed onto the agar 

plate after the transformation has grown and once white colonies have appeared 

to give a better result. A paper from 2017 by Sadeghi et al., used the method of 

spraying to ensure an even distribution and then allowed 12 hours for the colour 

change of the colonies to occur. They noted some promising results however they 

collected their results by imaging the plates in a chamber and then using Adobe 

Photoshop CC2014 to analyse the images for cyan to white colonies. Noted on 

their plates were 40-50% of cyan colonies out of both cyan and white, this 

displayed a good selection method as it did allow different colonies to be selected 
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for further analysis (Sadeghi et al., 2017). This method could be more favourable 

to allow the colonies chance to grow in the media without any chemicals which 

could limit growth. 

5.3.2 Ligation 

The creation of a BamHI-BglII site in the MCS of pUC19 allowed for ligation of 

different but compatible sticky ends due to the compatibility of the overhangs. This 

technique can be called enzymatic ligation assisted by nucleases (ELAN), as when 

BamHI and BglII are used in a ligation they can form compatible ends which can 

increase the likelihood of a ligation working. When an ELAN ligation was compared 

to a normal, same enzyme, ligation in comparison between the two different types; 

20/20 ELAN ligations worked in contrast to 9/20 ligations when done as standard. 

This highlights that when two different enzymes are used there is a higher chance 

of the correct ligation working (Cost and Cozzarelli, 2007). 

Present in this chapter and Chapter 4 were issues relating to the 

dephosphorylation of the inserts prior to ligation via alkaline phosphatase. Using 

this enzyme reduces the chance of the vector circularising, the enzyme removes 

the 5’ phosphate from the ends of the gene, in doing this it stops the DNA ligase 

from forming a phosphodiester bond between the adjacent nucleotides, which in 

turn reduces the recircularisation of plasmid DNA and the insert can be ligated 

efficiently. However, there are many different types of alkaline phosphatase that 

can be used from Calf Intestinal Phosphatase (CIP) to Antarctic Phosphatase 

(Aitken, 2012), the one used in these experiments was Anza Alkaline Phosphatase 

from Thermo Fisher. 

Due to this step being crucial in the ligation to stop recircularisation, this could also 

have been a contributing issue when performing the ligations in the experiments, 

as when ligating pGD1 and pBJB4 together if this step was not as efficient as 

hoped it could result in recircularisation. If this had occurred a single-stranded, 

circular fragment of DNA is formed, this type of DNA migrates down the gel ahead 

of any other fragments present. Evidence of this can be seen in Figure 23, 

although thought to be star activity caused by restriction enzymes, it can also be 

explained as supercoiled DNA from inefficient AP treatment.  
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There are a few different types of AP which can be used, first published in 1980 

CIP is one of the options to use, however it is very tricky to get rid of out of the 

reaction mixture and is very difficult to eliminate via heat denaturation. Due to this, 

newer alternatives have been made such as Shrimp Alkaline Phosphatase (SAP) 

and NEB’s Antarctic Phosphatase, these are both easier to get rid of during the 

heat denaturation stage and do not need an extra purification step (Oswald, 2010). 

The newer alternatives are more expensive but also more effective at 

dephosphorylating the vector. The Anza Alkaline Phosphatase used in the 

experiments should not require a purification step and is closely related to the new 

alternatives mentioned, but there are different alternatives to test to eliminate the 

phosphorylation issues within a vector. 

5.3.3 Final comments  

In conclusion, pUC19 seemed a good alternative option for a shuttle vector due to 

having a different antibiotic resistance to pCR™-Blunt but, there were also some 

issues with this vector along the way. The blue/white screening method using X-

Gal produced distinctive colonies of blue and white to be transformed but then the 

restriction digest, using BamHI and BglII enzymes, to cut out the kanamycin 

resistance from pCR™-Blunt faced some issues. However, the main issues 

identified have been to do with contamination of the plasmid stocks used 

interfering with cloning. 
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6. Future Planning and Final Conclusions 

Although in this research the construct created never reached the stage where it 

was cut out of the shuttle vector using restriction enzymes to then be inserted into 

the ADP1 genome, there was the opening and theory for Acinetobacter baylyi to 

be used as a new alternative to the pET system for cloning. During the experiments 

to try and create the pBJB4 construct, the designing of primers to insert this into 

the ADP1 genome was also performed.  

The next stage would have involved trialling the cloning of different lengths of the 

metZ gene, which we had isolated, into the ADP1 genome. This would have 

allowed exploration of whether the insert would have grown better with 50bp either 

side of the construct or at 100bp either side of the construct for example.  

Figure 32 shows the potential primers which could have been used for the next 

stage of the experiment if the ligation to create pBJB4 would have proved 

successful. The primer designs suggested would effectively ‘cut out’ the desired 

part of the construct from a shuttle vector using a PCR to do so. The placing of the 

BglII site in the middle would be where the Kanamycin resistance cassette would 

be inserted and each of the primers would be either side of this. The differentiating 

TTTTATCGGTCTGCATGGCTTTTTTAAAAGCAGGCGATCATGTGATTTGCTCGCGTGCTGTATTTGGTTC 

AATTGTGGCCTTGTTTGAAAAATATGTTGCCAAATTTGCTGTAGATATCACTTTTGTTGATTTAAACGAT 

CTGGATGCATGGAAAAATGCGATGCGCCCAGAAACCAAAATGTTGTTTATCGAATCTCCATCGAATCCCT 

TGGCTGAAATTGCGGATATTCCAGCACAGATCTAGATTGCTCATGCCCACAATGCAATGCTTGTGGTGGA 

CAACAGCTTTTGTACACCTGCATTACAGCAACCACTCAAACTTGGTGCAGACTTAGTCATGTATTCGGCG 

ACCAAATATATTGATGGTCAGGGACGCGCACTTGGTGGAGCAGTTACAGGCAGTCATAAATTACTCGAAG 

AAGTCTTTGGTGTAGTACGTACACTTGGGCCATCAATGAGTCCGTTCAATGCATGGGTATTCTTAAAAGG 

TCTAGAAACTTTACGTTTAAGAATGAAAGCGCATTGTGAAAATGCCCAACAGCTTGCAGAGTGGCTAGAT 

 

Start of PCR mini 3 Sequence JPJF3 Primer BglII Site 

 

Primer Pair 1 

234 Forward Primer 

TATCGGTCTGCATGGC 

232 Reverse Primer 

TTCTAGACCTTTTAAGAATACCC 

 

Primer Pair 3 

56 Forward Primer 

TTGTTTATCGAATCTCCATCG 

57 Reverse Primer 

GAGTGGTTGCTGTAATGC 

Primer Pair 2 

142 Forward Primer 

GTTGCCAAATTTGCTGTAG 

141 Reverse Primer 

CCTGTAACTGCTCCACC 

 

 

 

Figure 32 A section of the FASTA sequence for metZ gene and the potential primers to be used. 
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lengths of metZ would be isolated using the respective primers and grown on LB 

agar to determine if a shorter or longer length of re-inserted metZ would be more 

favourable. This idea is just one of the further studies that could be performed to 

explore the potential of Acinetobacter baylyi. 

Compared to other studies, the theory of being able to genetically engineer A. 

baylyi ADP1 for the production of MG seems to be a viable hypothesis with 

engineered cells for different functions being successfully produced previously. The 

positive evidence on the insertion of an mgs gene into E. coli also supports the 

theory of the introduction of this gene into ADP1 will allow the production of MG.  

The potential of Acinetobacter baylyi ADP1 as a host for genetic cloning and 

analysis has now started to be explored and there is also published literature on 

the potential use and development of this bacteria. However, there is still the over-

shadow of the generally used E. coli pET system over this new and upcoming 

application of ADP1. 

Although in this research the genome was being used to try and thermally protect 

a cell by the addition of the mgs gene and utilising the cells own products, the use 

of the metZ gene and other sections of the ADP1 genome can be utilised for other 

new cloning techniques in the hope to try and take over the E. coli pET system. 

The natural competence of ADP1 makes it very favourable and is a property which 

should be utilised more due to the potential of its uses. 

To conclude, the results from this research on the use of ADP1 for protein 

production has not been as successful as hoped and some unexpected issues 

arose along the way with the pUC19 and pCR™-Blunt vectors. Both of these 

vectors had the potential to be successful storage vectors to build the construct 

before re-inserting it into the A. baylyi ADP1 genome, but further understanding is 

required. However, the possibility of this genome has now started to be explored 

and further research can now be carried out to explore the further use of this as a 

host for protein production. 
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