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Abstract 

Arsenic is classified to be a heavy metal that severely contaminates human foods, drinking water and the 

environment in many regions of the world. Long term exposure to arsenic can create chronic poisoning of 

human health leading to many life threatening and lethal diseases such as cancer, keratosis, gangrene, 

damage of lung, kidney and liver and also many other neuro vascular disorders. 

To cope with this problem, the researchers of the Biotechnology Research group at the University of 

Skövde has previously identified and isolated a bacterial strain Lysinibacillus sphaericus sp. B1-CDA from 

arsenic contaminated soil. These strains are resistant to arsenic, can uptake arsenic from the 

contaminated source and store it inside the cells thus reducing the arsenic content in the contaminated 

source. Genome sequencing of this strain revealed that the bacterium harbors several arsenic responsive 

genes. The research group has also performed several in silico studies on these genes to determine their 

molecular functions. Two of these genes arsB and arsC were predicted to be involved in uptake and 

storage of arsenics inside the cells. In this thesis work the arsB and arsC genes were cloned from the 

genomic DNA of bacterium by PCR using database sequences as primers. These genes were then 

transferred into two cloning vectors pMAN1080 and pMAN0385, respectively. The pCAMBIA1301 vector 

was utilized to construct the binary vectors for transferring these genes to tobacco plants by using 

Agrobacterium tumefaciens T-DNA mediated gene transfer. Two binary vectors each harboring the 

respective arsenic responsive genes arsB and arsC were successfully constructed. Transgenic calli derived 

from leaf disk transformation were successfully selected. Transgenic shoots were generated but with a 

very low transformation frequency (<6%). 
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Popular Scientific Summary 

The major environmental problem is derived from contamination of soil and water and this is considered 

to be the biggest problem on the surface of the earth. The heavy metals are the main reason for these 

contaminations. These metals are then distributed over the agricultural lands and from there they are 

transferred to the crops and thereby contaminate the agriculture products. 

The heavy metals are hazardous as they cannot be broken down to the smaller and safer compounds. 

Arsenic is considered to be the most dangerous and hazardous heavy metal among all. An important 

incendiary reaction in all organisms, oxidative phosphorylation is inhibited by arsenic among other 

processes. Thus, it is often considered that the arsenic is an element that is not only dangerous for human 

beings but also for animals, plants and other living organisms such as flora and fauna, and microorganisms. 

The human body is unable to eliminate these heavy metals, when they are inside the body. The scholars 

and researchers are focusing on finding ways to eliminate these heavy metals from the sources so that 

water and food can be safe for the consumption. To remove these contamination, methods are carried 

out which include major mechanical operations with limited foundation. Besides, the greater part of the 

polluted territories in most of the developing countries the soils are left untreated. The soil borne bacteria 

strain Lysinibacillus sphaericus have the ability to sustain even in arsenic contaminated land as this 

bacteria is highly mutated which helps this bacteria easy to adapt environmental toxins. 

An approach for removal of pollutants is Bioremediation this is a process which uses microorganisms for 

the removal of pollutants. Arsenic contaminated water/fluid can be treated by bacteria with arsenic 

absorbing genes which make a bacterium a good candidate for removal of arsenics from contaminated   

water/fluids.  

Genetic engineering offers a great deal in remediating the toxic pollutant in situ which can help in the 

problem of eliminating contamination containing heavy metals on large scale that cannot be removed by 

conventional processes. With the help of this technique the genomic material/genes of bacterium 

contributing to removal of toxic pollutants from water can be successfully transferred to plants and these 

plants can further be used for remediation of the contaminants from the soil. This process is called as 

Phytoremediation.  

In this thesis work, two binary vectors were constructed with arsB and arsC genes which are arsenic 

responsive gene isolated from a soil borne bacterium Lysinibacillus sphaericus. The vectors were then 

transferred to Agrobacterium tumefaciens. These genes were transformed separately into tobacco plants 

by using A. tumefaciens T-DNA mediated leaf disk transformation. Transgenic shoots were obtained 

successfully. I hope that these plants can be used for phytoremediation of arsenics from the contaminated 

soils. 
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Abbreviations 

  

A. tumefaciens Agrobacterium tumefaciens 

ArsB548 Arsenic responsive gene  548 

ArsC1254  Arsenic responsive gene 1254 

As Arsenic 

E. coli Escherichia coli 

L. sphaericus Lysinibacillus sphaericus 

N. tabacum Nicotiana tabacum 
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Introduction 

With the expansion of industrialization and technological advancements in the field of agriculture and 

engineering the human demographics has also exponentially grown. There are various researches 

conducted in the field of medicine and biology has helped population in living healthy and quality life. This 

also give a certain increase in the human population for the past 200 years, resulting in producing waste, 

negative effects, exploitations, climatic changes, natural disasters and contamination of water and land.  

We as a species living on a planet are critical and key to long term survival, facing lot of environmental 

problems due to rapid expansion of communication and technology (Sharma and Singh, 2015). Therefore 

new provocations have taken place in order to environmental protection in an ever developing world, 

where these pollutant is been spreading due to large industrial operations. According to The U.S. 

Environmental Protection Agency (U.S. EPA, 2001), that in the farms of U.S., arsenic is one of the major 

and highlighted toxic metal that is found frequently in the farm lands of US, in its inorganic form namely 

arsenite (AsIII) and arsenate (AsV), as the source of major pollution and contamination formed to the 

agricultural land, it is not becoming a threat worldwide (Bruins 2000; Xiong et al., 2012).  

Chromium, nickel, Cadmium are among the metals that are considered to be the metals that causes lethal 

and major health issues to the individuals who are directly exposed to them (Joshia, n.d.). Due, to the 

wider expansion of these pollutants the lives of animals and human beings are at risk. It is also very much 

harmful for the nature. These pollutants when entered in the body of animals or crops they become 

carriers to these pollutants to the human beings and their off springs. (Hogan, 2012).  

 

 

 
 

 
Figure 1 Reducing and oxidizing conditions in USA of arsenic contamination in groundwater, where arsenic is soluble. 
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This metal (Arsenic) is considered to be one of the most common metal which is found in ground water 

and is responsible of contaminating water and soil. The common polluted areas on earth are found in Asia 

especially in Bangladesh, China and India, other than that several regions of Africa and U.S. including South 

America are found to be affected with this type of contamination.  Figure 1 is illustrating the harmful 

effects it causes when the body part is exposed to these areas on the long term basis (Amini et al., 2008). 

Because of the abnormal state of contamination of soil and water found in the regions of South-Asia, by 

far most of the populace in this area is frequently expending nourishments containing a high measure of 

this harmful metal (Fageria, 2007). Some common skin diseases and cancer is observed when the part of 

the skin is exposed on a longer period of time. When utilizing this contaminated water or crops grown in 

this soil it may directly bring threat to the kidney, Colon, liver, bladder or lungs in the form of disorders, 

infections. Cancer and impairment along with brining reproduction disorders (Anwar et al., 2002; Banerjee 

et al., 2011; Kao et al., 2003).  

The primary pathway form which living beings gets contaminated– arsenic in take is carried out through 

digestion and consumption of contaminated water, and vegetables developed in arsenic-defiled soils, 

either by direct consumption of plants or domesticated animals sustained with it. 70 percent of crops such 

as rice which is arsenic polluted is supplied from this region of the world, which is responsible of bringing 

about substantially higher level of arsenic consumption (Halder et al., 2012). Not only the consumption of 

contaminated crops is a threat to health but also the animals which have been fed on this type of crops 

are also a matter of concern for human being, when the byproducts of such cattle will be used.  (Rahman 

et al., 2009), this is easily highlighted that the meat and poultry utilization of such cattle and animals will 

bring a higher level of risk to the people in these areas. 

Arsenic alone and sometimes few of the byproducts of the Arsenic can be harmful especially when they 

react with the thiol groups of proteins, avoiding oxidative phosphorylation, and this further results in in 

the form of inactive cellular functions, usually (Rey et al., 2004; Das et al., 2005; Bredfeldt, et al., 2006). 

Moreover, arsenite also creates barriers in the formulation of Acetyl-CoA and succinic dehydrogenase 

(Thomas, Styblo, and Lin, 2001). Various researchers have worked to find the processes in which 

contamination of water can be prevented or the removal of the pollutants from the areas that are 

affected, has been undertaken (Musingarimi et al., 2010).  

The most important necessity from past decades is freshwater. It is important element for all living beings 

and as we use up water from ground, rivers and lakes, freshwater has been undervalued due to 

contamination. Water defilement has expanded exponentially since the modern transformation because 

of human exercises, for example, tanneries, metallurgy, civil waste, mining,  agro wholesome related 

exercises like manure generation (Kaewarsan and Yu, 2001; Rahman et al., 2014; 2015). This foundational 

and intermittent mishandle of freshwater is prompting a noteworthy water emergency, and if no action 

is taken about it, filtered water can turn into a significant ware, and social clashes may emerge for the 

need of a supply of freshwater, normal assets, for example, neem can turn into a wellspring of water 

cleansing (Jain, Patil, and Lal, 2014). 
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Bioremediation (The act of treating waste or pollutants with the use of microorganisms) 

Bioreactors are used for the growth of bacteria that are normally used in the large industrial projects, 

have the capacity to guarantee some level of proficiency. Bioremediation is a waste evacuation process 

that utilizes microorganisms, keeping in mind the end goal to expel dangerous toxins from defiled regions. 

Microorganisms are frequently utilized for water treatment and to dispose of natural waste (Harms et al. 

2011; Furuno, et al., 2010; Silar et al. 2011), or are less poisonous which are changing the toxins into 

metabolites harmless for health (Iwamoto and Nasu, 2001; Gianfreda, and Nannipieri, 2001). Limited, 

high-upkeep bioreactors for squander treatment are regularly utilized as a part of water treatment plants. 

Albeit substantial metals are not biodegradable, they can experience a progression of changes, for 

example, sorption, methylation, complexion and changes in valence that influence their bioavailability 

(Ray, 2009). 

Types of Bioremediation 

There are several techniques that are used for removal of toxic compounds from the pollutant water and 

other sources. Bioremediation is also used for some this purposes. To follow bioremediation there are 

several techniques used (Naik and Duraphe, 2012). The most common of them are;  

Bioreactors 

Bioreactor is an engineered device that supports a biological active environment. It plays a vital role in 

water treatment plants. In the context of cell culture this device meant to grow cells and tissues. 

Bio-filters 

Bio filters are usually used in factories and other industries related to refining purposes. Bio-filtration 

process is carried out to capture and degrade pollutants. 

Pump and treat  

Pump and treat consists of three parts:  

1. pumping of water from the ground, that is polluted, to the surface  

2.  treating the surface water in a bioreactor, and  

3. Sending it back to the ground.  

Composting  

This process involves thermophilic and aerobic process which is based on using organic waste with the 

help of bulking agents and bacteria.  
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Bio-stimulation/ Bio-augmentation 

Adding up bacterial that are beneficial to the polluted or contaminated area. 

Bioventing 

This method is responsible for treating the soil which is contaminated, by adding oxygen in the soil to 

start the growth of microbes. The bacterium is responsible of degrading the hazardous metabolites from 

the soil.  

Bioremediation of Soil 

It can be said and observed that the organisms especially micro-organisms useful and efficient remedy 

actors, but there are cases where they cannot be used efficiently. Out of these cases one is the 

bioremediation of farmland. The farmland was polluted with the arsenic, which is considered to be non- 

degradable pollutant for soil. The process of remediation in soil is difficult because of the fact that the 

microorganisms cannot be separated easily from the soil. The process of decontamination of soil can be 

carried by transporting the soil (contaminated) to the treating area. Where, special processes such as soil 

treatment, solvation, and the extraction of natural minerals and nutrients are done. After these processes 

the soil is carried back to the area of its origin (Aboulroos et al., 2006; Francis et al., 1999; Salt et al., 1995). 

The soil that has undergone treatment needs special attention and requirements; that is fertilizers and 

supplements are needed for that soil to bring it in good form and which will be able to grow and sustain 

healthy crops.  

Phytoremediation (uses plants as a bioreactor) 

Another fascinating methodology for the evacuation of substantial metals is phytoremediation. Rather 

than utilizing microorganisms, phytoremediation concentrates on utilizing plants as bioreactors for 

expelling poisons from the debased locales. By utilizing hereditarily altered plants as a medium for wiping 

out the poisons there is not any more the need of the substantial framework required for expelling the 

microbes from the polluted source, just evacuating the plant alongside its root framework will unravel 

this issue. These days, phytoremediation technique is used to a great extent concentrated on the 

treatment of overwhelming metal and natural toxins tainting in both freshwater and soil, because of the 

capacity of plants to take-up these pollutant through its root framework. A few metallophytes or metal 

hyper accumulator plants have been depicted (Li et al., 2011; Wang et al., 2002). These novels 

biotechnological supplication has developed because of the progress of atomic science and hereditary 

building in the most recent decades, so as to alter the hereditary groupings, upgrade protein articulation 

and enhance enzymatic responses. The simple and permanent plant genetic modification technique has 

been introduced due to the disclosure of the contamination strategy due to presentation of plant genome 

of Ti plasmid. 

There must be a question that why only tobacco plant been used in this experimentation? That is because 

tobacco (Nicotiana tabacum) it is easy to harvest, its rapid growth, effectively reaped and has an 
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exceptionally straightforward engendering technique, each plant creating a huge number of seeds. 

Additionally, its flexibility in various scopes, temperature, stickiness and soil conditions makes N. tabacum 

a perfect plant for altogether different geographic applications. In this experiment tobacco plant has been 

selected because of its ability described above, and its intrinsic limit of overwhelming metal gathering 

(Evangelou, 2007).  

Arsenic poisoning  

Arsenic trioxide is a fundamental compound that is largely used on commercial basis almost 100.000 tons 

of arsenic is being produced every year. It is found that concomitant of synthesis of ores (Mihajlovic 2007; 

Tongamp et al., Rehren, et al., 2012; 2009), was obtained within the range of 2 to 3% in lead and copper 

metals and almost about 11% in precious metal such as gold. The most standout amongst the most 

bottomless minerals, is none other than Arsenic it can be found in rocks, soil and water even in living 

beings (Caumette, et al., 2011; Emsley, 2011). It is classified in the category of metals, due to it is having 

properties of metals and non-metals both. It is also classified as a heavy metal because of its hazardous 

nature. Arsenic can be found in both inorganic, and also with combination to Iron, Oxygen, Sulphur and 

Chlorine; it is also found in the form of combination with hydrocarbons. Inorganic types of arsenic are to 

a great degree poisonous and are identified with the few ailments expressed already (Meliker et al., 2011). 

Despite the fact that Arsenic is a matter of great concern for health and wellbeing, it is as also considered 

and being utilized as a part of industry and development.  

Arsenic is becoming a matter of great concern for human health and well-being. There are few ordinary 

methods for expulsion arsenic from the sullied source have been portrayed, for example, ion exchange 

and electrochemical treatment, dissipation, reverse osmosis, precipitation and dissolvable extraction 

(Martinez-Villafane, et al., 2009; Wang, Li, and Tao, 2009; Moussavi and Barikbin, 2010). Some drawbacks 

are also associated with these systems, such as they are expensive and various inefficient methods are 

used that are waste of time and money. Especially, particularly when managing lower levels of pollutants 

of soil and water (Choong, et al., 2007; Ezzouhri, et al., 2009; Zafar et al., 2007). Arsenic is broadly utilized 

as a part of industry in a substantial scope of procedures, from horticulture to military items. CCA or 

Chromatid copper arsenate woods were utilized as a part of for all intents and purposes any conceivable 

application for lush boards. 

Since the practice was so far reaching because of the toxicity most recent 15 years governments are 

experimenting to discard these materials but failed to do so in some extend. Because of its harmful impact 

all through the vast majority of living beings. Arsenic content can also be used for treating disease such as 

Valagin's answer containing arsenic trichloride (AsCl3) and Donovan's answer containing arsenic triiodide 

(AsI3), were prescribed for treating ailment, jungle fever, joint inflammation, tuberculosis diabetes and 

trypanosome contaminations.  

In present day prescription, arsenic has been extremely confined because of the hazard or advantage that 

is associated with it and the accessibility of the options of alternatives in medicines and the treatments. 

During the year 2001, arsenic trioxide was affirmed by the Food and Drug Administration (FDA) for treating 
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a cancer of white blood cells that is acute promyelocytic leukemia (APL) and APL (Bentley and Chasteen, 

2002) regardless of the severe medical problems concerning arsenic collection.  

ArsB gene 2890/ ArsC gene 548 

The past experiments carried out in the university have indicated expanded arsenic take-up of transgenic 

Escherichia coli containing arsB2890 and arsC548 genes diminish arsenic in the media up to half when it 

is centralized in arsenic-containing medium, (Master's theory, information not distributed). The high 

proficiency of Arsenic take-up that these qualities demonstrate contrasted with their plant homologues. 

And this makes them an intriguing option for phytoremediation applications. B1-CDA of Lysinibacillus 

sphaericus which is a bacterial strain, is a soil borne bacterium fit for making due in a situation exceedingly 

sullied with arsenic. These genes are responsible of digestion and arsenic take-up: arsB2890 genes is 

considered to be the arsenic efflux push (arsenate reductase) which is require for the absorption of the 

arsenic from the media, and  arsC548 as arsenate reductase (Rahman et al., 2014).  

AsV is produced from Aslll which is a reduced form of Aslll, exceedingly lethal in many creatures, however 

its decreased from, AsIII can frame edifices with a few peptides, for example, phytochelatins (PCs) 

(Aborode et al., 2016) and glutathione (GSH) (Chávez-Capilla et. al., 2006). Number of arsenic reductase 

have been found which was isolated from plant (Raab et al. 2004). But this was the first trail where 

bacterial arsenate reductase has been introduced into plants. The pMAN1080 and pMAN0385 plant 

vectors in this thesis work were constructed in accordance to arsB2890 and arsC548 genes individually. 

This constructed two plant vectors were brought into Agrobacterium tumefaciens LBA4404 with a specific 

end goal. The experiment showed positive trans- formant results. 

To enhance the wellbeing hypothetically, if these genes show some impact on plants in contrast to their 

original source this can lead to mass production and can be easily transported, also it can be grown in 

tainted lands. This can drastically diminish the level of arsenic and it can progress to personal satisfaction 

of a great many individuals over the world, alongside sparing cash in restorative conditions that rise up 

out of arsenic contamination. Also, the vast majority of the arsenic could be recouped and reused into 

industry. 
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Objectives 

The long term objective of this project is to remove arsenic from contaminated soil by using genetically 

modified tobacco plant. This will lead to protection of human health and the environment from the arsenic 

contamination. In this project, two arsenic responsive gene were addressed as a potential candidates for 

genetic modification of tobacco that can serve for this purpose. The fundamental aim of this thesis 

consists of the following: 

1. Isolation of arsB2890 and arsC548 genes from Lysinibacillus sphaericus sp. B1-CDA 

2. Construction of a binary vector for plant transformation containing the gene arsB2890 

3. Construction of a binary vector for plant transformation containing the gene arsC548  

4. Transformation of the two vectors into A. tumefaciens. 

5. Transformation N. tabacum with the binary vectors and regeneration of transgenic plants. 

6. Attempt to analyze the function of the genes in transgenic N. tabacum. 
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Materials and Methods 

Carried out with the following steps: 

 Extraction of DNA from L. sphaericus 

 Construction of two vectors 

 Restriction Analysis for the confirmation of two vectors 

 Transformation of A. tumefaciens 

 A. tumefaciens mediated plant transformation 

To isolate arsB2890 and arsC548 genes genomic DNA of L. sphaericus was required. For doing this, LB-

agar plates were prepared on which L. sphaericus sp. B1-CDA was streaked from the contained stock and 

further the plates was incubated at 36°C for 48h. Further the process was carried out by picking up the 

single colony and then growing the colony for bacterial culture in a 15ml of tube which contain 4ml of 

liquid LB medium and was kept in shaking incubator at 36°C for 24h. 

For this process, The MasterPure™ Gram Positive DNA Purification Kit (Epicentre) was used for succeeding 

experiment which helped in gathering the genomic DNA of the bacteria. 

Secondly, using polymerase chain reaction arsB2890 and arsC548 genes were isolated for vector 

construction from the genomic DNA of L. sphaericus sp. B1-CDA. From Figure 2 we can see that tags were 

introduced in the primers for its ligation to the vector. The genes were digested overnight in order to have 

the restriction sites for NcoI (upstream) and AflII (downstream) with both the restriction sites and were 

purified for ligation. 

 

        

Figure 2.A. Designing of a primer for making restriction sites for AflII (green) and NcoI (red) for arsB2890 and arsC548 genes 

(Blue: Start codon control; orange: RE stability additional end sequences) 

 

       

 

Figure 2.B. Designing of a primer for making restriction sites for AflII (green) and NcoI (red) for arsB2890 and arsC548 genes. 

(Blue: Start codon control; orange: RE stability additional end sequences; underlined: non-coding region of arsB2890). 

 

A. 

B. 



 
 

 

9 
 

 

After, this the pCAMBIA1301 binary vector was used which would help in harboring both arsB2890 and 

arsC548 genes within the plant cells. The GUS gene is structured in the plasmid, with the help of a CAMV 

35s promoter which is ideal for the plants that are highly expressing. The GUS gene was substituted for 

both genes with the help of digestion of an enzyme NcoI/ AflII. After replacing the GUS from arsB2890 

and arsC548 genes this is to be expected that the high expression in plant will be observed.  

Further to carry out agarose gel electrophoresis, gel of which the concentration is 1%. Digestion of 

pCAMBIA1301 binary vector is done with NcoI /AflII and run on gel. Which is then processed on 90mV for 

one and half hour. Later on, (Qiagen) QIAquick Gel Extraction kit has been used to get the required band 

of 10 kb which belong to the open vector without having the GUS gene. 

T4 DNA Ligase was utilized for the process of ligating the construct (Promega) and was left for ligation for 

about 1 and a half hours because of the lower effectiveness in the attempts conducted lately. This was 

followed by Bacterial transformation, In order to confirm whether the vector construction was successful 

or not.  

The E-coli Dh5α vector transformation was carried out which is chemically competent, with the help of 

transformation through heat shock, within the range of 42 degrees Celsius for 45 seconds and was 

incubated overnight in the LB liquid medium containing 50 mg/l of kanamycin. The colony of PCR have 

been used for the selection of transforming cells and they were preserved in the plates. After the 

successful cloning process of bacteria, the constructs were labelled as pMAN0385 and pMAN1080, which 

has arsB2890 and arsC548 genes respectively. QIAquick plasmid minikit or Qiagen was used for the 

isolation of plasmids, after the growth of E-coli.  

Restriction analysis technique was used in order to identify whether the constructions of vector were 

correctly constructed. It was designed with the NEB cutter tool from New England Biolabs. The analysis 

was conducted in two set of cuts as shown in figure 3. BstHI (left) (NEB), was used for the first cut and 

same enzyme was used to have a second cut that was performed by ligation:  NcoI and AflII (right). 

            

Figure 3.A. Vector with expected cuts and fragments along with the ends, coordinates and length in base pair in the restriction 

analysis: control 
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Figure 3.B. Vector with expected cuts and fragments along with the ends, coordinates and length in base pair in the restriction 

analysis of pMAN0385  

 

Figure 3.C. Vector with expected cuts and fragments along with the ends, coordinates and length in base pair in the restriction 

analysis of pMAN1080. 

After the restriction analysis the construct as a vehicle for plant transformation were introduced to A. 

Tumefaciens. Also this process was carried out after the sequence been verified. To port the vector to be 

transformed by the process of electroporation (12.5 kV/cm) Thermo Fisher Scientific (Electromax A. 

tumefaciens LBA4404) cells were used. In order to grow the cells the selective medium (YM medium) was 

used which contain Kanamycin 50 mg/l, Streptomycin 300 mg/l and Rifampicin 100 mg/l for next 2 days 

at 28 degrees Celsius. Followed by the screening of transformants with the colony PCR and they were 

preserved in selective YM plates.  

As the vectors for plant transformation were constructed and introduced to A. tumefaciens, the initiation 

of the last step has started and that was about the transformation of the N. tabacum with them and to 

evaluate the results. 

Ethanol 70% was used to sterilize the N. tabacum seeds and germinated in sterile MS plates. When the 

plantlets of the plant grew up to the length of 10 mm, they had been transferred to the (BFJ) baby food 

jars, which were sterilized. The plantlets were left there for further growth; the aim of the plantlets growth 

was to attain the sufficiently grown leaves in which callus can be easily induced. 
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After the required growth, the leaf sections have been prepared for the transformation under incubation 

where they were left for a week in a non-selective CIM (medium).  

Before starting the process of co-culture, A. tumefaciens were cultured for 2 days in a selected YM 

medium. 200 mM of acetosyringone liquid was introduced in the CIM medium, in which the leaf sections 

were placed to get infected. The CIM then, incubated for 15 minutes with A.tumefaciens with two 

constructs. The leaf disks were transferred to the plates having agar solidified (MS basal salts, 1mg/1 2, 4-

D), prior to this they were blot-dried and left there for incubation for 36 hours at 25 degrees Celsius. 

The leaf disks were washed with the CIM liquid (as shown in appendix), every three day and was followed 

for 2 weeks, that then helped in removing the bacteria from the culture. Further the process was carried 

with SIM medium and followed by alternative 3 days in 2 weeks of washing. The disk were then left for 

incubation for four weeks on SIM. Only the healthy plant leaf disks which were transformed left for 

observation whereas, the dyed plant sections were excised from the plates.  
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Results 

Isolation of Gene by PCR 

The isolation procedure was then done with the PCR technique in order to isolate arsB2890 and arsC548 

genes from the L. sphaericus genomic DNA. Different reactions were observed with the introduction of 

same gene which yielded the higher amount of DNA for the procedures mentioned as follows. The 

following figure 4 is the result of PCR, with the single clear band in all samples, except number 5; they all 

belongs to the length that was expected.  

                                                     

                                            Figure 4.A. PCR of arsB2890 (L: log2 DNA ladder; 1-6: arsB2890)  

 

                                                                                        

 

                                                   Figure 4.B. PCR of arsC548 (L: log2 DNA ladder; 1-6: arsC548) 

7   8   9 10 11 12  

0.4kb 
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Cloning of two vectors 

The following figure 5.A. represents the digestion of the two genes that produced almost the same band 

as compared to their other undigested ones. This is because of the fact that the limitations that clearly 

indicates the 20 nucleotides per genes. Altogether, the 10 kb of the digested vector band was used for 

the restricted vector which helps in generating the new constructs. In accordance to have a working stock 

of pMAN0385 and pMAN1080, colonies were selected to proliferate the vectors with these subcultures. 

From the figure the colonies 2 and 10 was selected in order to propagate the vector. 

                                                        

Figure 5.A. Electrophoresis gels showing: the restriction of the arsenic responsive arsB2890 and arsC548 genes (L: log2 DNA 

ladder (NEB) with AflII and NcoI; 1: digested arsB2890 with 1088 bp; 2: arsB2890 with 1111 bp; 3: digested arsC548 with 365bp; 

4: undigested arsC548with 388 bp). 

 

                                                                                                                                                                  

 

              Figure 5.B. L: 1kb DNA Extend Ladder (NEB) Restriction of the binary vector pCAMBIA1301 using NcoI and AflII. 
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 Figure 5.C. PCR harbouring the pCAMBIA vector (L: log2 DNA ladder (NEB), transformant E.coli using colony PCR; potentially 1-5 

colonies and 6-11 colonies was found containing arsB2890 and arsC548 genes. 

 

Confirmation of vector construction 

The two series of cuts have been used for the restriction analysis of the vector construction. (As shown in 

figure 2, this helps in determining whether the vectors have been constructed successfully or not. The 

figure 6 (A) is clearly indicating that for pMAN1080 there were two fragments that is  

a. 4 kb and the other one that is roughly in between the 6th and 8th band of the ladder were selected, 

which was nearer to the peak band of the control, and a 10kb linearized vector for the pMAN0385 

only;  

b. The transformed genes were almost similar or corresponding to the size of the band that were 

smaller in sizes.  The vectors were successfully constructed in accordance with the comparison of 

expected results, (figure 3).  
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Figure 6 BspHI (4 kb-10 kb), AflII/ NcoI (0.4 kb to 2.1kb) of pCAMBIA1301 (Contol; 1), pMAN1080 (2) and pMAN0385 

(3) (L: log2 DNA ladder NEB) using Restriction analysis. 

Further the transforming agents were analyzed in accordance to the verification of plasmid that the 

vectors are successfully constructed, it was then used for the transformation of A. tumefaceins cells with 

the help of electroporation. In order to determine whether the colonies formed in YM plates contain the 

gene of interest, colony PCR technique was carried out. Figure 7 is clearly indicating that some of the 

bacteria have been successfully transformed using colony PCR. The colonies 9 and 11 were nominated for 

arsB2890 and arsC548 genes respectively. 

 

  
Figure 7. Tumefaciens transformation with colony PCR technique containing the (A) arsB2890 (L: log2 DNA ladder (NEB); and (B) 

arsC548 genes (L: log2 DNA ladder (NEB); 1-12: A. tumefaciens single picked colonies; 13; vector control). 
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Transformation of Plants  

Transformation of N. tabacum plants were proceeded in order to characterize the function of In arsB2890 

and arsC548 genes figure 8, control shows the assumed results: callus being formed in the negative 

control, and dying leaves in the positive control.  

 

 

 

 

 

 

 

Figure 8:  leaf sections of N. tabacum after 8 weeks of transformation [1: Non-selective (non transgenic); 2: Selective (transgenic); 

3: Selective (non transgenic)]. 

Low productivity was contemplated from the transformations; nevertheless and callus was formed in the 

transformed samples. These results will be pontificated in the discussion section. 

 

                                                                      c  

 

Figure 9 shows transgenic shoots regenerated from transgenic calli (figure 8.B) on selective medium. 

 

After the callus being formed and grown upto the limited height in the petriplate. It was then transformed 

into Plant tissue culture bottles, one with postive control and another with negative control as shown in 

figure 10. 

 

 

 

Figure 9. Shoots formed in negative control. 

A B C 



 
 

 

17 
 

  

 

 

 

Figure 8. Shows that Plate 1, Plant leaf disk materials are healthy and growth medium is working well. 

Plate 2, transgenic plant leaf disk which are infected with agrobacterium on selective media (kanamycin 

and vancomycin) shows that some plants still remain green whereas, some of them decayed as some are 

transformed while others are not transformed plant cells hence they are decaying. Plate 3, Non transgenic 

(Control) plant leaf disk grown on selective media (kanamycin and vancomycin) has been died hence it 

shows that the selection is working. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Plant formed from excised shoots been formed. (A)Transgenic plant formed in selective media; (B) Non 

transgenic plant, Dying leaves formed in selective media. 
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Discussion 

During the past decades a lot of remedies and methods have been discovered and put in efforts to 

minimize the effects of toxic pollution on general health and public areas (Saval, S.U.S.A.N.A., 1999). 

Among these, bioremediation has been found to be the most effective and environmentally friendly 

techniques to tackle contaminations in specific areas (Gavrilescu et al., 2015). It serves to be the most 

important applications for fluid waste, where it tackles with the bacteria by raising them up in a bioreactor 

and purifying the contaminated particles passing through it. Moreover, solid applications can also benefit 

from this technique, provided that the pollutant present is biodegradable. In such conditions, the 

bacterium metabolizes the pollutant when exposed to the affected area (Chen et al., 2015). However, 

biodegradation is not suitable for arsenic contamination as it belongs to heavy metals and is impossible 

to metabolize. Another remedy which has proven to be efficient is phytoremediation. This works with a 

similar theory as bioremediation but emphasizes on the use of plants in place of bacteria (Li et al., 2011; 

Wang et al., 2002) for removal of arsenics from the soil or lands. It serves as an excellent alternative as 

the amount invested in re-fertilizing the contaminated soil is too great for considering depuration through 

bacteria. Nevertheless, with the evolution of research in the vast fiend of biotechnology, the bacterial 

metabolism can now be combined with the usefulness of plants in order to produce alternatives that are 

more efficient and cost effective. This can thus be used to tackle issues that were previously impossible 

to solve (Vargas et al., 2017). 

The results from previous studies at the University of Skövde made the fact as certain that the arsB2890 

and arsC548 genes from L. sphaericus played a crucial role in arsenic uptake and growth with their role 

preserved in recombinant E. coli (Master’s thesis, data not published).  With this information in mind, it 

was attempted to generate transgenic plants by transforming N. tabacum plants with Agrobacterium 

tumefaciens (Marton et al., 1979) that harbors the arsB2890 and arsC548 genes. With the purpose of 

introducing these genes into plants, two plant transformation vectors that harbored the arsenic-

responsive genes arsB2890 and arsC548, were constructed. These were named as pMAN1080 and 

pMAN0385 respectively. Since plants allow simple manipulation and transportation, the meticulous reach 

of their root systems helped to let them serve as a superb alternative to bacteria in in-situ bioremediation 

of pollutants that are non-degradable (Yadav, Batra, and Sharma, 2016).  

During the gene cloning processes, the purity of the DNA samples isolated and used throughout the 

experiment was very high with an OD260/280 of around 1.80 Very less to zero degradation was discovered 

during the construction of vectors. Hence it was found to be free from contamination. Furthermore, when 

electrophoresis was performed on the PCR samples (Komari et al., 1996), the result displayed clean bands 

which matched the expected sizes seen in figure 7. However, due to potential primer matches in the 

genome, there is a possibility of some background noise being present in the colony PCR products seen in 

figure 5, 6, 7. The positive results indicate corresponding bands to be single and clear, which suggest 

specific amplification without degrading sequences. 

Although the specifications provided by the manufacturer were followed while using the protocols from 

the commercial kits, a few exceptions were made. For instance, instead of the recommended 10 minutes, 

an extension to 90 minutes was made in the process of incubation during the plasmid ligation. Previous 
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attempts to analyze the ligation of the constructs showed that there was no E. coli grown in the LB plates. 

This indicated that improper ligation of the vectors and thus the need for time extension. Prolonging the 

ligation time resulted in successfully cloning the vector into the bacteria and hence produced an amount 

sufficient for restriction analysis as well as further experiments. To ensure that the bacteria contain 

transgenes, a colony PCR was undertaken. The result confirmed that the two vectors were structured just 

as expected (figure 7).  

Next, in order to produce a genetically modified N. tabacum, the two binary vectors were incorporated 

into A. tumefaciens by electroporation (Riggs and Bates, 1986). ArsB2890 and arsC548 genes were cloned 

directly downstream of a CAMV35S promoter sequence (figure 5.A, 5.B, 5.C). The promoter in turn will 

permit the genes to be overexpressed once transferred successfully into plants. According to Verbruggen, 

et al., (2009), if plants manage to conserve the function of these genes, they can easily be used in the 

phytoremediation of soils suffering from arsenic contamination (Visoottiviseth et al., 2002). Besides, the 

result of the colony PCR of the Agrobacterium illustrated that both vectors were cloned successfully into 

a few of the colonies. In order to maintain them for future use, the colonies were then carefully sub-

cultured. 

Leaf disk managed to survive the selection in the process of the plant transformations. Most of the positive 

control samples witnessed calli forming (figure 8), hence disposing the media fault. On the other hand, 

samples present in the negative control were seen to be dying (figure 8.C), which indicated active 

antibiotics. These results indicated that the plant tissue culture media utilized and the concentration of 

antibiotic were correct. Moreover, the presence and correct location of the transgene was also confirmed 

by the additional colony PCR of the Agrobacterium (Nahar, 2014). 

It is suggested through previous experiments, that A. tumefaciens mediated transformation of N. tabacum 

is very common and it gives high frequency transformation (Horsch et al., 1985; Selvapandiyan et al., 1998; 

Evangelou, 2007; Nahar, 2014). Nonetheless, with the median alteration efficiency being low Pitzschke, 

2013), the study was merely attempted on the infected leaves of plants whereas other parts such as the 

roots can also be utilized in the process (Valvekens et al., 1988). The increased samples are likely to result 

in one positive transformation (Negrututio et al., 1987). 

Transgenic plantlets were regenerated to obtain transgenic calli (figure 8). Unfortunately the frequency 

of transformation was very low (<6%). Probably, a few modifications of medium (Negrututio et al., 1987). 

It is theoretically believed that the overexpressed arsenic-responsive genes will bestow the plants with an 

enhanced efficiency for arsenic accumulation. (Evangelou, 2007; Nahar, 2014)  

Plants that are grown regularly in polluted soil have the ability to easily uptake arsenic, in fact, some 

species are even known to hold their own arsenic-reductases, which is homologues to arsC548 as 

compared to intrinsic endogenous genes, introducing an arsenate reductase along with an arsenic efflux 

pump from bacteria in plants puts forward a high possibility to not only induce a greater tolerance to 

arsenics, but also give a boost to the absorption capacity within the organism (Meher and Rahman, 2003). 

http://www.pnas.org/search?author1=Dirk+Valvekens&sortspec=date&submit=Submit
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Since some more heavy-metal responsive genes, which have not even been characterized yet found in B1-

CDA strain of L. sphaericus (Rahman et al., 2014). Maybe, more new applications can be developed with 

the other genes isolated from this strain of bacteria to help reduce arsenic contamination and also all 

other types of pollution which has an effect of heavy metal.  

 

 

Ethical aspects 

This is considered to be the ethical factor that, generating of genetically modified animals, or organisms 

is not easily accepted by the society. During last few years the plants that are genetically altered have 

been a topic of debate. Such golden rice, Flavr Savr and many more. The genetic modification was made 

to their core in order to increase their shelf life or to enhance their nutritional value. These enhancements 

and modifications have created an air of suspicion and hysteria among the GMOs. Digital media have 

created a hype and bring these altered plants as the matter of concern, this intervening of media has 

created nuisance and interrupted in the research and development of these products, which would bring 

new possibilities to the world, especially to the agriculture sector, with the help of GMO.  

Various biological companies are sterilizing their seeds to protect them and to maintain their intellectual 

identity and property. These strategies are unethical and have been criticized. The reason to criticize these 

steps is to stop few companies to control and rule the modified plants and their seeds, which will give 

them a benefit that they can control the food supply of the world.  

The purpose of the altered plants, genetically, which are responding to arsenic gene, is to create 

awareness among human beings about their uses, side effects and its hazards to health. They are not for 

the use of human consumption instead they have been designed to create awareness. These crops have 

to be controlled so that, none of the human or animals may consume it accidentally. 
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Future Research 

More genes should be identified and studied. Cultivated plant should be transformed with this genes, 

effective bioremediation of arsenic can be studied by using transgenic plant. 

This research is helpful for undertaking and continuing the future prospect of heavy metal contamination 

and will help in finding  

 Accumulation of heavy metals and will also help in finding biological procedures and compounds 

which are relevant to it. 

 It will also help in generating transgenic hyper-accumulating plants or natural plants. 

 And, lastly, it will also help in optimizing the processes and study of activity in-situ 

(Padmavathiamma, and Li, 2007; Tangahu et al., 2011; Rahman, 2011). 
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Appendix A –Protocols and Recipes 

I: Protocols 

DNA extraction 
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MasterPure Gram Positive DNA Purification Kit (Epibio) was used in order to isolate Genomic DNA of L. 

sphaericus, following were the final concentration and purity. 

Genomic DNA of L. sphaericus was isolated using the, with the final concentrations and purity: 

[gB1CDA]1=494 nano gram per microliter (ng/μl); Purity 260/280 = 1.82 

[gB1CDA]2=785 nano gram per microliter (ng/μl); Purity 260/280 = 1.91 

[gB1CDA]3= 666 nano gram per microliter (ng/μl); Purity 260/280= 1.74 

[gB1CDA]4= 570 nano gram per microliter (ng/μl); Purity 260/280= 1.83 

PCR Optimization 

For ALL PCRs, the Phusion DNA Polymerase (Finnzymes) was used. In the optimization of the PCR, the PCR 

mix contained: 

GENOMIC DNA 50 NANO GRAM 

FORWARD AND REVERSE PRIMERS 0.05 Micro Molar 

POLYMERASE 2U 

MASTERAMP 1X 

DISTILLED WATER Upto 50 Microliters 

 

 

 

 

 

 

 

 

 

PCR optimization was then followed with the run for 30 cycles with the following settings: 

 TEMPERATURE (ºC) TIME (MIN) 

INITIAL DENATURATION 95 5 

DENATURATION 94 0.5 



 
 

 

30 
 

ANNEALING 62-70 gradient 0.5 

EXTENSION 72 1 

FINAL EXTENSION 72 10 

 

Isolation of gene by PCR 

The PCR mix contained: 

GENOMIC DNA 50 NANOGRAM 

FORWARD AND REVERSE PRIMERS 0.05 Micro Molar 
POLYMERASE 2U 
MASTERAMP 1X 
DISTILLED WATER  To 50 Microliter 

 

The optimization PCR was run for 30 cycles with the following settings: 

 TEMPERATURE (ºC) TIME (MIN) 

INITIAL DENATURATION 95 5 
DENATURATION 94 0.5 
ANNEALING 67.1 (ars B)  

65.5  (ars C) 
0.5 

EXTENSION 72 1 
FINAL EXTENSION 72 10 

 

Electrophoresis 

COMPONENTS CONCENTRATION 

AGAROSE  1% 

LOADING DYE 5:1 ratio 

 

 

PCR clean-up 

PCR purification kit (Qiagen) was used to purify gene. 

[ars B]= 31.8 nanogram per microliter (ng/μl); Purity 260/280= 2.00 
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[ars C]= 75.9 nanogram per microliter (ng/μl), Purity 260/280=1.87 

pCAMBIA1301 Cloning 

With the purchased pCAMBIA1301, 20 ul of chemical competent E.coli was transformed by heat shock 

and grown overnight (LB medium containing kanamycin 50 ug/ml, 37°C, 280 rpm).  

Extraction of plasmid was carried out with the Qiagen plasmid purification kit: 

[pCAMBIA1301]1= 710 nanogram per microliter (ng/μl); Purity 260/280=1.90 

[pCAMBIA 1301]2= 508.9 nanogram per microliter (ng/μl); Purity 260/280= 1.88 

[pCAMBIA 1301]3= 478.1 nanogram per microliter (ng/μl); Purity 260/280=1.89 

Restrictions 

Approximately 5 Microgram of DNA were used in the restrictions for optimal results. 

 pCAMBIA1301 Fragment Isolation 

pCAMBIA1301 vector restriction mix was: 

 

 VOLUME (ΜL) 

NEBBUFFER CUTSMART (10X) 5000 
AFLII 1000 
NCOI 1000 
PLASMID (710 NG/ΜL) 6 (4 μg) 
DISTILLED WATER 37,000 

 

This in total constitute for 50 microliter. The samples were further incubated at 37 degree Celsius to avoid 

a partial restriction. Before continuing the restriction enzyme were inactivated by heat at 80 degree 

Celsius for 20 minutes. To observe and extract the desired fragment the restriction product was run in an 

electrophoresis as shown in figure 5B. To avoid DNA degradation with UV light, majority of sample was 

loaded on the tip of the gel while small amount of sample was run by the ladder. Using the QIAquick Gel 

Extraction Kit (Qiagen) the desired fragments was then isolated. 

Restriction of the Ars B and ArsC genes 

 VOLUME (ΜL) 

GENE (ARS C) 35/ 15* 
AFLII 1 
NCOI 1 
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CUTSMART BUFFER (10X) NEB 5 
DISTILLED WATER Up to 50  

*Volume of the genes was adjusted to 3 ug of DNA. 

Ligation 

Used Ratio: 3:1 genes – plasmid 

Reaction conditions 

 AMOUNT 

GENE (ARS C) 15 
Nanogram/ 
6.1 Nanogram 

PCAMBIA1301 FRAGMENT 50 Nanogram 
T4 LIGASE NEB M0202 1 microliter 
DNA LIGASE BUFFER 10X 2 Microliter 
DISTILLED WATER Up to 20 

Microliter 
 

Same process was carried out further by incubating it for 90 minutes at room temperature and inactivating 

by heat at 65 degree Celsius for 10 minutes. After that the newly constructed plasmids through a heat 

shock were transformed into E.coli. 

Electroporation of A. tumefaciens 

Electroporation conditions: 

COMPONENTS AMOUNT 

A. TUMEFACIENS LBA4404 20 Microliter 
VECTORS 10 microgram 

 

And run at current of 12.5 kV/cm 

 

 

II: Recipes 

TAE 50X 

COMPONENTS AMOUNT 
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GLACIAL ACETIC ACID  242 gram 
TRIS FREE BASE  57.1 Microliter 
DISODIUM EDTA  18.61 gram 

 

Agarose Gel 

COMPONENTS AMOUNT 

AGAROSE 1 Gram 
TAE 1X 50 Milliliter 

 

LB media 

 VOLUME  

AGAR 10 g/l 
PEPTONE 10 g/l 
NACL 10g/l 
YEAST EXTRACT 5g/l 
KANAMYCIN 50 ug/ml 

 

YM media 

 VOLUME  

AGAR 10 g/l (solid applications) 
PEPTONE 5 g/l 
NACL 10g/l 
YEAST EXTRACT 3 g/l 
MALT EXTRACT 3 g/ml  
GLUCOSE 10 g/l  
STREPTOMYCIN 100 μg/ml (Ti-plasmid resistance)  
RIFAMPICILLIN 100 μg/ml (Agrobacterium natural resistance)  
KANAMYCIN 50 μg/ml (pMAN1080 and pMAN0385 resistance)  

 

 

MS germination media 

COMPONENTS AMOUNT 

SUCROSE 30 g/l 
MURASHIGE AND SKOOG MEDIUM POWDER4 4.4 g/l 
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And pH was adjusted to pH 5.8. 

MS basal media 

COMPONENTS AMOUNT 

SUCROSE 30 g/l 
MURASHIGE AND SKOOG MEDIUM POWDER4 4.4 g/l 
GELRITE 30 g/l 

And pH was adjusted to pH 5.8. 

CIM media 

COMPONENTS AMOUNT 

MURASHIGE AND SKOOG MEDIUM POWDER4 4.4 g/l 
SUCROSE 30 g/l 
GELRITE 3.5 g/l 
L OF 2-4 D 0.1 mg/l 

And pH was adjusted to pH 5.8. 

SIM media  

COMPONENTS AMOUNT 

GELRITE 3.5 g/l 
MURASHIGE AND SKOOG MEDIUM POWDER4 4.4 g/l 
SUCROSE 30 g/l 
BAP 10 mg/l 
IAA 1 mg/l 
MES 500 mg/l 

And pH was adjusted to pH 5.8. 

 

Selection 

COMPONENTS AMOUNT 

VANCOMYCIN 50 μg/ml (pMAN1080 and pMAN0385 resistance) 
HYGROMYCIN 50 μg/ml (pMAN1080 and pMAN0385 resistance) 

 
 

 

 

 


