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ABSTRACT 

 

Stenotrophomonas maltophilia OR02 is a multiple-metal-resistant strain isolated from a metal-

contaminated site in Oak Ridge, TN, which grows in the presence of 10 mM of sodium selenite. It appears 

to form a red-colored precipitate of elemental selenium and gaseous methyl selenide with the characteristic 

'garlic' smell. Transposon mutagenesis created a selenite-sensitive mutant, AX55, with an insertion in the 

putative promoter for metK, a gene that encodes an enzyme involved in the synthesis of S-adenosyl 

methionine (SAM). Thus, SAM could serve as a methyl donor for the methylation of selenide to yield 

methyl selenide. An experiment on the liquid culture showed AX55 with a MIC (Minimum Inhibitory 

Concentration) of 10 millimolar selenite, compared with the wild-type strain S. maltophilia 02 MIC of 30 

millimolar selenite. Growth curves on the wildtype and mutant strains were performed in the presence 

and absence of 10 mM selenite to further define the mutant phenotype of AX55. In the absence of selenite, 

both strains grew with an expected lag, exponential, and stationary phase. When 10 mM selenite was 

introduced during the early exponential phase, the wild-type strain entered a stationary phase. The mutant 

also entered a stationary phase, but its growth appeared to be more inhibited. An inability of the mutant 

AX55 to methylate selenide due to the lack of SAM may curtail the growth of the mutant in the presence 

of selenite. The effect of the mutation on metK expression was investigated by extracting RNA from each 

strain grown both with and without selenite and converted to cDNA using reverse transcriptase. Then, it 

was PCR-amplified using metK-specific primers. Surprisingly, PCR products were obtained for both the 

wild-type strain and the mutant, and the result suggests that S-adenosylmethionine is not responsible for 

selenite methylation of selenide. However, some limitations might affect the finding.    
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CHAPTER 1: INTRODUCTION    

1.1 Y-12 plant    

In the latter six decades of the 20th century, the Y-12 plant at Oak Ridge, Tennessee, played an 

important role in the national defense of the United States. During World War II, the plant was used 

for the preparation of uranium intended for the first atomic bomb. In the 1950s, as the Cold War 

got underway, the Y-12 plant began purifying lithium using mercury to make hydrogen bombs (1). 

During this operation, about 920,000 kg of mercury were leaked into East Fork Poplar Creek 

(Poplar Creek) and the surrounding area (2). Four S-3 ponds near the origin of Poplar Creek were 

used to dispose of acidic wastes contaminated with uranium and other heavy metals (3). These 

ponds were built without a covering or lining to enable the liquid wastes to evaporate or become 

decontaminated as they moved through the soil. Unfortunately, most of the waste just seeped into 

the creek and the ground. These ponds were no longer used in 1983, and the liquid waste was 

drained and treated. Then, the ponds were filled and covered.    

  

1.2 Stenotrophomonas maltophilia    

Isolated from Poplar Creek, Stenotrophomonas maltophilia Oak Ridge Strain OR02, hereinafter 

indicated as S. maltophilia 02, demonstrates resistance to various metal salts like copper, platinum, 

mercury, gold, cadmium, lead, chromium, and selenium through its capability to convert them into 

insoluble precipitates. (4). In nature, Stenotrophomonas maltophilia is primarily linked to plants 

however, it is a widespread bacterium that may be found in various environmental settings, 

including harsh ones. It plays roles in the sulfur cycle, nitrogen cycle, and can also establish itself 

in hospitals, clean rooms, space shuttles, and other artificial environments (5).     
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 Stenotrophomonas maltophilia is a gram-negative and non-fermented bacillus, that does not 

ferment glucose or lactose. Stenotrophomonas maltophilia in nature is mainly associated with 

plants, though it is a ubiquitous bacterium able to be isolated from different environmental habitats 

even extreme ones. These have been known to participate in the sulfur cycle, nitrogen cycle, and 

the degradation of complicated chemicals (6). With a high morbidity and mortality rate in severely 

immunocompromised and debilitated persons, S. maltophilia is also a global opportunistic human 

pathogen. Although it often does not infect healthy hosts, it does infect individuals with respiratory 

system disorders such as cystic fibrosis infection (7). S. maltophilia is the sole species within the 

Stenotrophomonas genus capable of infecting humans. It predominantly targets hospitalized and 

immunocompromised individuals, with a particular impact on ICU patients who have undergone 

procedures involving prosthetic devices such as feeding tubes, catheters, and mechanical 

ventilators. This is due to its ability to form biofilms on these surfaces. (8). However, S. maltophilia 

rarely causes community-acquired infections (9). Next to Pseudomonas aeruginosa, Acinetobacter 

spp., and the Burkholderia cepacia complex, S. maltophilia has been regarded as one of the most 

isolated bacteria in clinical laboratories. (10).    

1.3 Microbial Interactions with Metals    

Heavy metals are persistent in the environment because they are found naturally in the earth's crust. 

Processes such as weathering, geothermal activity, forest fires, and microbiological activity can 

release heavy metals. However, through human activity, this process has rapidly accelerated and 

increased heavy metals dispersion across the world, posing a serious threat to the environment and 

human health (11,12). In relation, there has been a clear record of a strong relationship between the 

rise of highly developed civilizations and the prevalence of heavy metal contamination throughout 

human history. (12).    
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 Microbes can protect themselves from the harmful effects of metals by developing complex 

systems of resistance and adaptation. Several overview perspectives on this large and important 

subject have already been explained at the genetic level (13, 14, 15, 16, and 17). Generally, 

mechanisms safeguarding the homeostasis of heavy metals might be grouped into four major 

categories: enzymatic detoxification redox reaction, (dealkylation, sequestration), energy-driven 

efflux, involving cross-family members of ATPase, RND, and CDF, and reduction of metal uptake.  

The transport proteins acting for these purposes are of the RND (Resistance-NodulationCell 

Division) and CDF (Cation Diffusion Facilitator) families. It is also widely known that there exist 

other non-specific pathways that increase intracellular bacterial resistance to heavy metals.    

For instance, bacteria are shielded from harmful heavy metals by the creation of biofilms (18,19). 

To capture heavy metals, lower their bioavailability, and lessen stress, bacteria also secrete 

extracellular polymers or siderophores (18, 20).    

The growth of numerous sectors, including bioremediation of metal-contaminated settings (21, 22, 

23), and bio-mining of minerals from ores or industrial effluents (24), has been made easier by 

investigations of metal resistance mechanisms. Based on the microorganisms, metal ions, and 

external environment, there might be direct or indirect interactions between bacteria and heavy 

metals. Numerous factors influence the ease and speed with which bacteria can metabolize heavy 

metals, including temperature, pH, food supplies, and metal ions.  Due to bacteria's small size and 

fast growth, bacteria represent the potential to grow in very different environments. This has made 

them quite useful for environmental cleanup, especially in removing hazardous metals. The 

bacterial cell wall's functional groups, such as phosphate, sulfate, amino, and carboxyl, are usually 

where heavy metals bind (25). The three-dimensional arrangement of cells inside biofilms and the 
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bacterial adherence to the substrate, which differ significantly amongst microbes, have a significant 

impact on the biofilm-mediated bioremediation effectiveness (26).    

 Different bacteria are capable of absorbing 1 to 500 mg/g of heavy metals. More importantly, 

Pseudomonas aeruginosa in its Hg-resistant strain uptakes mercury ions with a maximum capacity 

of about 180 mg/g. Cysteine-rich proteins with a high concentration of sulfhydryl groups are likely 

to attract mercury ions due to cysteine's increased affinity for the ions. Pb(II) has been observed to 

accumulate in wastewater by cultures of Bacillus and Pseudomonas. Cr(VI) can be adsorbed and 

transformed into Cr(III) by both living and dead Arthrobacter viscosus. In the environment, 

Staphylococcus epidermis biofilms effectively remove Cr(VI). Rhodobacter capsulatus has a 

maximal absorption capacity of around 164 mg/g for Zn(II), which is by the Redlich-Peterson and 

Langmuir isotherms. Cd(II) can be absorbed by Bacillus cereus strains at rates of about 32 mg/g 

for dead cells and 24 mg/g for active cells, respectively. Bacteria are protected from harm by 

extracellular polymeric substances (EPS), which block the entry of harmful heavy metals. By using 

the EPS, heavy metal ions such as Hg, Cd, Co, and Cu can accumulate. After adsorption in the 

bacterial cell, heavy metals can undergo ionic state conversion to decrease their toxicity. 

Mercuryresistant strains of Pseudomonas putida can absorb all mercury from the marine 

environment and transform it from hazardous Hg(II) to  Hg(0), resulting in the reduction of Hg 

poisoning (25).    

    

Bacteria that can withstand high concentrations of heavy metals have developed to live in 

hydrothermal vents, mineral deposit areas, and active volcanoes.  Bacteria can reduce a broad 

variety of heavy metal ions. Biological components evolved defenses against heavy metal ions 

because of their adaptation. Many factors, including the entry of metal ions into the cell, efflux, 
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sequestration both intracellularly and extracellularly, and redox processes, can affect bacterial 

tolerance to metals. The extracellular barrier may prevent metal ions from entering the body. Yet, 

bacteria can take in metal ions through ionizable groups present in their cell wall or capsule. Active 

transport and efflux systems are used by bacteria to export metal ions from cells. Subsequently, 

metals accumulate via cellular components (periplasmic proteins, outer membrane proteins) in the 

periplasm or the outer membrane, or they interact with other chemicals in the cytoplasm. Certain 

bacteria can use metals and metalloids as donors or acceptors of electrons to produce energy. 

During anaerobic respiration, bacteria use oxidized metals as terminal electron acceptors. This 

process also converts hazardous heavy metals to less hazardous forms through enzymatic reduction    

(27).    

 The technology of bioremediation is gaining popularity because of its favorable environmental 

effects, enhanced proficiency, and cost-effectiveness. Several environmentally benign microbial 

methods are used in bioremediation to lessen environmental contamination. An emerging method 

of cleaning up pollution is called bioremediation, and it looks to be an effective alternative to costly 

cleaning equipment. One benefit of bioremediation is that the remediation can be completed onsite, 

saving on transportation expenses. Additionally, the mineralization or detoxification of 

contaminants into carbon dioxide, water, and biomass is aided by bioremediation. There are two 

categories for bioremediation: in situ and ex-situ. Microorganisms that are either aerobic, anaerobic 

or even both can participate in bioremediation (28).    
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1.4 Microbial Interactions with Selenium    

Selenium (Se) is a metalloid element that is required in trace levels by a wide range of organisms, 

including mammals and bacteria (29). Selenium, however, has a very small safety margin. In 

actuality, the range of acceptable levels of this element in various organisms, from lowest (i.e., 

toxicity) to maximum (i.e., deficiency), is frequently a matter of parts per million or even less (30).  

Consequently, selenium poisoning poses a serious risk to human health as well as that of livestock 

and wildlife. Thus, there is a genuine health risk associated with selenium exposure for animals 

and humans alike. However, in addition to natural sources such as erosion and leaching from 

seleniferous rocks, other contributors to contamination include the mining of coal, gold, silver, 

nickel, and phosphate; smelting metals; transport, refinement, and use of oil; burning of fossil fuels 

in power stations; manufacture of pigments; production of pharmaceuticals; making glass; and 

frequent irrigation of soils rich in selenium. (31).    

  Four different oxidation states of selenium are known, which include selenate, Se (VI); selenite, 

Se(IV); selenide, Se(II); and elemental selenium, Se(0). The toxicities of these types of selenium 

are solely dependent on how soluble they are in water and, consequently, how bioavailable they 

are (32). The two soluble forms of selenium, selenite (IV) and selenate (VI) are primarily found in 

aerobic environments. Oxyanions both tend to bioaccumulate and are harmful (33). While Se (0) 

is insoluble and so unavailable to biological systems, Se in the form of Se (IV) is more hazardous 

to most species than Se in the form of Se (VI).    

 Microorganisms possess the ability to transform different selenium species, by oxidation, 

reduction, methylation, and demethylation (34,35). During the past 20 years, microbial selenium 

oxidation has not attracted much interest in these transformations, perhaps because studying 

lowrate oxidation is more challenging (36). Assimilatory, dissimilatory (37), reduction processes 
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and biosynthesized nanoparticles (35, 38, 39, 40), bioremediation (41), biogeochemistry, 

ecophysiology (36), and applications have all been the subject of several outstanding reviews 

published in recent years (38,42). Most of the research to date has concentrated on a variety of 

distinct assimilatory and dissimilatory reduction mechanisms, especially in aerobic conditions. It 

has also addressed the growing applications of selenium reduction and methylation, as well as 

associated techniques (43).    

"Assimilatory reduction" refers to the reduction of selenium for inclusion into seleno-amino acids, 

whereas "dissimilatory reduction" generally refers to the use of selenium as an anaerobic electron 

acceptor coupled to respiration and energy generation. Reduction of selenium oxyanions without 

coupling to energy conservation serves as a mechanism of detoxification. Selenate and selenite can 

serve as terminal electron acceptors for prokaryotes, which form insoluble, nanostructured Se (0), 

elemental selenium (44). Under aerobic or microaerophilic conditions, some bacteria and fungi can 

also achieve the reduction of selenium oxyanions to Se (0) as an element of their detoxification 

response (45) or in phototrophic bacteria., to maintain redox homeostasis. Microbial oxidation, 

alkylation/dealkylation, assimilatory, and dissimilatory reduction react with these selenium 

oxyanions (46).    

1.4.1 Selenium transporters    

The cysAWTP operon is the sulfate ABC transporter complex., is the mechanism by which 

Escherichia coli absorbs selenium (VI) (47). The identical sulfate transportation pathway that E. 

coli uses for Se (VI) uptake appears to be used by the obligatory aerobic bacteria Comamonas 

testosteroni strain S44 (48). Use of low-affinity phosphate transport system (ΔpitA mutant) and 

high-affinity phosphate transport system (ΔpstA mutant) mutants, which were previously studied 

for tellurite transport, to be carried out for selenite absorption and reduction. (49). The ΔpitA 
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mutant's cultures showed a slower selenite to Se (0) reduction, despite both mutants growing well 

in the presence of 1 mM selenite. This suggests that the low-affinity phosphate transporter plays a 

role in selenite uptake is significant in E. coli. However, since cytosolic selenite reduction was not 

entirely inhibited in the pitA mutant, E. coli has an alternate selenite absorption system or systems   

(50). In the photosynthetic bacterium Rhodobacter sphaeroides strain IL-106, the polyol transporter 

is named Smok. for Se(IV). Such a transporter has not been reported in any other bacterium (51).    

 Several strains of bacteria react with oxyanions differently from one another, especially in terms 

of how they manage oxyanion uptake, reduction, and overall growth. Growth patterns of different 

strains are influenced by their distinct oxyanion processing processes and efficiencies. To adapt to 

shifting environmental conditions and metabolic requirements, bacteria also use a variety of 

transporters to absorb oxyanions into the cytoplasm. However, various transporters depending on 

the bacterial growth stage are used by different species. This also includes phosphate and sulfate 

permease systems because the oxyanions share the charge and trigonal pyramidal shape with these 

molecules. Another problem is the acetate transporters which would have interactions with 

oxyanions in case they mimic the mono-carboxylate group. The effect of Se uptake may be based 

on the limited knowledge concerning the mechanisms of regulation and genomic responses to these 

oxyanions. (52).    

1.4.2 Reduction of selenium oxyanions by assimilatory processes    

Reduction of selenium oxyanions is done through assimilatory reduction via two paths: nonspecific 

and specific. The specific pathway involves the formation of selenocysteine, the 21st amino acid, 

which is then incorporated into seleno-proteins. On the other hand, the nonspecific pathway 

involves the assimilation of selenium into Sec and seleno-methionine—Se-Met, the 22nd amino 



18    

acid—through the sulfate assimilation pathway. Free Sec can sometimes be directly taken up into 

selenylated proteins, although it is highly toxic, causing inhibition of growth. (53). Most of the 

selenium compounds in the diet come from amino acids, selenomethionine, selenocysteine, and 

selenium methyl-selenocysteine, apart from the anion’s selenium and selenite. Hydrogen selenide 

arises during selenium metabolism via different ways. This compound is a forerunner to 

selenocysteine and is incorporated into selenoproteins with the help of a Sec-specific tRNA – 

SectRNA [Ser]Sec. Hydrogen selenide can be methylated to excretory forms like dimethylselenide, 

trimethylselenonium, and Se-methyl-N-acetylselenohexosamine or phosphorylated to form 

selenophosphate. Selenite may undergo direct reduction to selenide by glutaredoxin or 

glutathionylate to seleno-/di-glutathione. SelMet is metabolized via the same pathway as Met, the 

transsulfuration pathway, which leads eventually to the conversion of methionine to cysteine.  

Afterwards,  selenocysteine  β-lyase  converts  Sec  into  selenide  and  alanine.  Se- 

methylselenocysteine undergoes a reaction with SBL to form methylselenol. Besides, glutaminase 

K and L-amino acid oxidase showed activity transaminating the methylseleno-amino acids 

Semethylselenocysteine and SelMet into β-methylselenopyruvate and α-keto-γ-  

methylselenobutyrate. (54)    

1.4.3 Reduction of selenium oxyanions by dissimilatory processes    

 Reduction mechanisms of Se(IV) and Se(VI) vary widely in different species of bacteria. 

Moreover, in a single bacterium, there are multiple paths for the reduction of Se (IV). SeNPs are 

usually major products of dissimilatory reduction of both Se (IV) and Se(VI) and could be formed 

both under anaerobic and aerobic conditions. Several pathways of Se (IV) reduction mechanisms 

have been described previously, as follows: (i) thiol group-mediated Painter-type reactions; (ii) 

reduction mediated by the thioredoxin-thioredoxin reductase system; (iii) siderophore-mediated 
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reduction; (iv) sulfidemediated reduction; and (v) dissimilatory reduction, and other pathways (55– 

57).    

    
1.5 Use of Selenium as Terminal Electron Acceptors in Bacterial Energy Metabolism    

Bacteria using either selenate or selenite, or both, as terminal electron acceptors for respiration in 

either aerobic or anaerobic conditions are called selenium-respiring bacteria. This group of 

microorganisms use selenium compounds in their energy metabolism (35). For the couples,  

SeO₄²⁻/SeO₃²⁻ and SeO₃²⁻/Se⁰, the reduction potentials under typical circumstances are +0.48 V 

and +0.21 V, respectively. These potentials are significantly higher than those needed for sulfate 

reduction (SO₄²⁻/H₂S), but they are lower than those needed for nitrate reduction (NO₃⁻/N₂)    

(58,59).    

Selenate and selenite, two selenium oxyanions, are gradually reduced during bacterial selenium 

respiration. Elements of selenium (Se⁰) with a red color precipitate and selenium nanostructures 

are the products of this process. Two consecutive reactions carry out the whole biological reduction    

of   selenium   from    selenium    salt    to    elemental    selenium    (35,    60)    

                 𝑆𝑒𝑂42− + 2𝑒− + 2𝐻+ → 𝑆𝑒𝑂32− + 𝐻2𝑂                                         𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1                                             

                 𝑆𝑒𝑂32− + 4𝑒− + 6𝐻+ → 𝑆𝑒0 + 3𝐻2𝑂                                            𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2                                             

Selenium nanostructures are produced by the reduction of selenium oxyanions to elemental 

selenium (Se⁰). Metalloproteins, which include cofactors for molybdenum and iron, aid in the 

process of selenium respiration. The process has been thoroughly investigated and documented in 
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several bacterial model strains (61). The biogeochemical cycle of selenium depends on selenite 

respiration, although it has not received as much research attention as selenium respiration from 

selenate. It was possible to identify and describe a potential respiratory selenite reductase (Srr) by 

combining biochemical, genetic, and proteomic investigations. This study identifies it as a protein 

member of the complex iron–sulfur molybdoenzyme family (62).    

    
1.6 Detoxification of selenium oxyanions by bacteria    

Reduction mechanisms have a baseline resistance to environmental factors and chemicals in some 

cases (63). The most common detoxification pathway of selenium or selenite reduction is insoluble 

Se(0), which subsequently precipitates to form an extracellular or intracellular particle. These 

particles get deposited into the cytoplasm, membrane, or cell wall, thus contributing to the 

formation of Se nanostructures (64). Reduction of both takes place under either condition, although 

in general, this reduction process is faster with selenite than with selenate. Three main ways 

through which selenate or selenite can be reduced by bacteria are: 1) Through specific or 

nonspecific enzymes, largely periplasmic or cytosolic oxidoreductases, that work in both 

conditions; 2) by a Painter-type reaction using thiols; lastly, this takes place via interaction with 

siderophores like pyridine-2,6-bisthiocarboxylic acid. (65).    

1.6.1 Enzymatic detoxification    

Selenate and selenite can be reduced to elemental selenium [Se(0)] by a variety of enzymatic 

systems, including fumarate reductases, and nitrate, sulfite, and nitrite reductases. For example, T. 

selenatis AXT mutants defective in nitrate reductase are unable to reduce nitrite or selenite 

suggesting the reduction of selenite under anaerobic conditions may involve this enzyme (66).  This 

occurs through interaction with siderophores, such as pyridine-2,6-bisthiocarboxylic acid It has 



21    

recently been demonstrated that Rhizobium sullae HCNT1 is capable of reducing millimolar 

concentrations of selenite by a copper-containing nitrite reductase Nir (67). In Escherichia coli, 

selenium is reduced to elemental selenium either by the periplasmic nitrate reductase NapA or by 

the cytoplasmic nitrate reductases NarGHIJ and NarZUWV (63).    

    
      
1.6.2 Thiol-driven reactions    

The reduction of selenite to elemental selenium Se (0) through a reaction involving thiols (68). 

Painter first demonstrated the synthesis of selenium disulfides in 1941. Also, it makes references 

to the reaction between selenite and thiol groups. (68).    

  4𝑅𝑆𝐻 + 𝐻2𝑆𝑒𝑂3 → 𝑅𝑆 − 𝑆𝑒 − 𝑆𝑅 + 𝑅𝑆𝑆𝑅 + 3𝐻2𝑂                     𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3  

 Selenite reacts with GSH, the most abundant thiol in cyanobacteria, proteobacteria, and eukaryotic 

cells. The reaction generates an intermediary called selenium-di-glutathione, which is a substrate 

for glutathione reductase with Km and Vmax values equivalent to those for GSH. In this reaction, 

Se-di-glutathione and NAD(P)H glutathione reductase are converted into the highly unstable 

selenium persulfide anion, shown in GS-Se− (69).   

𝐺𝑆 − 𝑆𝑒 − 𝑆𝐺 + 𝑁𝐴𝐷(𝑃)𝐻 → 𝐺𝑆𝐻 + 𝐺𝑆 − 𝑆𝑒− + 𝑁𝐴𝐷(𝑃)+           𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4  

𝐺𝑆 − 𝑆𝑒− + 𝐻+ → 𝑆𝑒0 + 𝐺𝑆𝐻                                                                    𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5  

This altered form of the primary reaction leads to the superoxide anion. Comparison of in vitro 

chemical reduction of selenite by glutathione with the response to selenite mediated by E. coli and 

Rhodospirillum rubrum reaches the same conclusion (70).    

6𝐺𝑆𝐻 + 3𝑆𝑒𝑂32− + 4𝐻+ → 3𝐺𝑆𝑆𝑒𝑆𝐺 + 2𝑂2− + 5𝐻2 𝑂                      𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 6  
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Superoxide anions are cleared from biological systems by superoxide dismutase and catalase to 

avoid oxidative stress, and this could be why two different forms of superoxide dismutase are 

produced when E. coli is grown on selenite (71). Other thiol-containing biomolecules besides 

glutathione might be involved. For example, the E. coli thioredoxin system reduces both selenite 

and Se-diglutathione. A scheme that has been proposed involves reduction of Se-diglutathione by 

thioredoxin, is reduced subsequently by NADPH-dependent thioredoxin reductase (72,73).    

                Trx(SH)2 + GS − Se − SG → Trx − S2 + GSH + GS − Se−+H+         Equation 7  
  
  
                Trx − S2 + NADPH + H+ → Trx(SH)2 + NADP+                                    𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 8    

The mechanism of selenite reduction includes three steps. The first step is an enzymatic process 

where NAD(P)H-dependent reductases, such as glutathione or thioredoxin reductases, generate a 

labile persulfide anion. Next, the selenite is reduced abiotically to form Se-diglutathione with the 

concomitant production of reactive oxygen species in a second step. Lastly, Se(0) abiotically forms.  

Six molecules of GSH restore the original reducing power in this sequence (70).    

    

Several bacterial strains have been isolated owing to their high efficiency of selenite reduction to 

elemental selenium, Se(0), using thiols in both aerobic and anaerobic conditions (74). One of the 

best-studied examples is Stenotrophomonas maltophilia SeITE02, which was isolated from the 

rhizosphere of the Se-hyperaccumulating legume Astragalus bisulcatus grown in seleniferous soil. 

It has been shown that when S. In the medium, with either glucose or pyruvate as a carbon source 

in the presence of selenite, the cells of maltophilia SeITE02 produce membrane vesules that 

surround extracellular nanostructures of Se(0). This already hints at a bacterial implication in the 

efflux of Se(0) nanostructures out of the cells. (75). Elemental Se occurs in nature in various 
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allotropic forms, both amorphous and crystalline, including amorphous, a-Se, and crystalline: 

monoclinic and trigonal. Thus, amorphous Se tends to convert into more stable crystalline forms 

under the action of heating, various chemical reagents, and other physicochemical processes (76).    

 Several important steps have been suggested to transform amorphous selenium (a-Se) into 

selenium crystals. First, intracellular synthesis is used to create a-Se nanospheres. These 

nanospheres are then discharged into the extracellular environment, where they aggregate and 

finally crystallize. The exact mechanisms underlying the formation, assembly, release, and 

modification of these comparatively large nanospheres—especially based on their size in 

proportion to the cell's size—remain unknown. It is thought that many such uncharacterized 

proteins, enzymes, and transport complexes could play important roles in these reduction cycles. 

Recently, proteomic studies have implicated a variety of proteins that may be involved in the 

reduction of Se (IV) (77). Examples include glutathione reductase and the RND   

(resistancenodulation-division) transport systems, which have already been shown in other bacteria 

to be components of selenium reduction (78,79).     

1.6.3 Siderophore-driven detoxification    

The broad-spectrum metal chelator siderophore PDTC contributes to reduction of selenite to 

elemental selenium Se(0) is a detoxification step in Pseudomonas stutzeri KC. Microorganisms 

secrete siderophores as part of their iron acquisition system; these are iron-specific chelators, 

particularly under conditions of low iron availability. The selenite concentration could be reduced 

by binding to PDTC (pyridine-2,6-dithiocarboxylate) or its hydrolysis product, DPA (dipicolinic 

acid-pyridine-2,6-bis(carboxylic acid)). Synthesis and excretion of PDTC thus represent a means 

of environmental detoxification that prevents selenite from entering cells by facilitating its 

extracellular reduction to metalloids (80).    
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1.7 Methylation of Selenium    

Studies have demonstrated that bacteria control the methylation of selenium by converting selenite 

(SeO3
2-) and selenate (SeO4

2-) into volatile compounds including dimethyl di-selenide and 

dimethyl selenide (81,82). Most research shows that when selenium is initially present as an 

oxyanion, selenium volatilization depends on reduction and methylation processes. So Se(VI) or  

Se(IV) are first reduced to Se(0) or Se(II) and then methylated to DMSe (41). Given the large 

number of reactions and intermediates that have been proposed to be involved, including MeSeH, 

dimethyl disulfide (DMDS), dimethyl selenone, and Se aminoacids (SeMet and SeCys),  

methylation appears to be the most important or differentiating step (83,84).     

             Elemental selenium, selenate and selenite, and numerous seleno amino acids were 

identified sources of DMSe generated by soil Corynebacterium resting cell suspensions. From 

selenite and Se(0), cell-free extracts generated DMSe; where S-adenosylmethionine accelerated 

the process.  Additionally, methionine was converted to DMSe with a garlic-like odor by resting 

cell suspensions of methionine-utilizing Pseudomonas (85). Similar research has been done on the 

interactions between mixed microbial communities and sulfur compounds in sediments, sewage, 

soils, and waterways. DMSe, DMDSe, and an unidentified component were produced when 

sewage sludge was cultured with sodium selenite or Se(0). It was believed that the unknown 

volatile molecule was dimethyl selenone, or (CH3)2SeO2. Moreover, this finding seemed to have 

significant implications because dimethyl selenone was not previously identified as a microbial 

metabolite. Moreover, it was suggested by Challenger's group that it was the last intermediate 

before DMSe's created (86).    
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           The enzymes involved in selenium methylation have mostly unknown biochemistry and 

genetics. An intriguing substitute for the utilization of microorganisms that respire selenium is said 

to be important bioremediation by the volatilization of selenium from contaminated locations (87).  

In S. maltophilia SeITE02, studies suggested that glutathione and protein reactive thiols played an 

important role in the reduction of SeO3
2− and in the formation of Se (0) (88).  Under conditions 

where thiol groups of proteins or peptides react with selenite, it is indeed possible to reduce it to 

elemental selenium. This has been referred to as the "Painter-type" reaction, which has been 

suggested as a common mechanism for microbial detoxification against oxyanions (18).  Selenium 

methylation consists of both reduction and methylation reactions. It was reported that soil and 

sewage sludge microorganisms convert inorganic selenium compounds, such as selenite or 

elemental selenium, to dimethyl diselenide, dimethyl selenide (89), and dimethyl selenone (90). 

The proposed mechanism of selenium methylation by soil Corynebacterium involves a series of 

steps: first, the selenite reduction to elemental selenium, this reduction is followed by further 

transformation into selenide, which is then methylated to produce dimethyl selenide. (91).    

              It was demonstrated that Zein and L-methionine strongly enhanced selenium volatilization, 

while DL-homocysteine produced much smaller increases. Selenium volatilization was found to 

follow a first-order reaction with constant percentage release over time (92). The cloning of the 

thiopurine methyltransferase gene from Pseudomonas syringae, a bacterial enzyme, confers on E. 

coli the ability to volatilize selenite to dimethyl selenide. The enzyme also provides  for  the  

conversion  of  selenomethionine  or  (methyl)selenocysteine  to  DMSe  and  dimethyldiselenide 

using Sadenosylmethionine as the methyl donor (93). It was shown that the bacterial thiopurine 

methyltransferase gene from freshwater bacteria is responsible for the methylation of most selenium 

compounds to DMSe and DMDSe. This was demonstrated for the isolate Hsa.28, most similar to 
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Pseudomonas anguilliseptica, which produced large amounts of these methylated selenium 

compounds when cultivated on sodium selenite or (methyl)selenocysteine. Hsa.28 showed strong 

enhancement of DMSe and DMDSe emission in freshwater, indicating involvement of bTPMT in 

natural selenium methylation (94). The mmtA gene discovered in freshwater bacteria resistant to 

both selenite and selenate specifies a new class of selenium methyltransferases. Overexpression of 

mmtA in E. coli grown with selenium resulted in overproduction of DMSe and DMDSe. These 

MmtA-like sequences, upon phylogenetic analysis, diverged into two groups: one cluster comprised 

S- and O-methyltransferases, the other with the UbiE C-methyltransferases, with some neighboring 

sequences displaying selenium methylation activity as well (95).    

1.8 SAM    

SAM stands for S-adenosylmethionine and is the major methyl donor for most methylation 

reactions. It donates the methyl group to cytosine and adenosine bases in DNA, rRNA, and tRNA, 

and a host of proteins and smaller molecules. Such methylation is crucial for life in any form from 

the simplest to the highest-order level (96-99). The radical S-adenosylmethionine (AdoMet) 

superfamily comprises thousands of proteins involved in a wide variety of biochemical processes 

in every form of life. Their sequences are encoded by the metK gene encoding a 384-residue 

polypeptide. Synthesis of SAM showed that also ATP can act as an adenosine donor. (100). SAM 

is synthesized by binding the sulfur group of methionine with the fifth carbon of ribose in ATP. 

The coupling involves the concomitant release of pyrophosphate and inorganic phosphate. Upon 

donation of the terminal methyl group (101), SAM is converted to S-adenosylhomocysteine. This 

latter product is degraded into adenine and homocysteine by a cyclic regenerative pathway (96).    
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CHAPTER II: HYPOTHESIS    

The goal is to detect the expression of the metK gene in the wild type and mutant in the presence 

and absence of sodium selenite. The hypothesis is that if S-adenosylmethionine has a role in metK 

gene expression, then transcription of the metK gene will be reduced in the mutant AX55 relative 

to the wild-type Stenotrophomonas maltophilia 02 in both the presence and absence of sodium   

selenite.    
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           CHAPTER III: MATERIALS AND METHODS    

3.1 Bacterial Strains and Growth Media    

  Stenotrophomonas maltophilia was obtained from the American Type Culture Collection, 

Manassas, VA. Competent Escherichia coli EC100D™ pir-116 were purchased from Epicentre,    

Madison, WI, now an Illumina Company, and their products are distributed by Lucigen, Middleton, 

WI. Lysogeny Broth (LB) medium was purchased from Fisher Scientific, Waltham, MA. The LB 

media were made with 10 g/L tryptone, 5 g/L sodium chloride, and 5 g/L yeast extract. To make 

the LB agar plates, 1.6% agar was added to the LB broth, and it was bought from Amresco, of 

Solon, OH. Kanamycin was added to the LB media at a concentration of 800 µg/mL, which would 

maintain the transposon insert in the AX55 mutant from Amresco, Solon, OH.    

3.2 Genomic Preparations    

DNA from both the Gram-negative bacterial cells of Stenotrophomonas maltophilia 02 (wild type) 

and the mutant AX55 was isolated using a Promega DNA purification kit (Promega’s Wizard kit). 

Cells were first lysed in 600 µl nuclei lysis solution, followed by gentle pipetting and incubation 

at 80℃ for 5 minutes. Following the cooling, 3 µl of 4 mg/ml RNase was added to the sample, and 

the contents mixed. The sample was incubated at 37°C for 15 minutes and brought to room 

temperature. Protein precipitation was done by adding 200 µl of protein precipitation solution 

(Promega, Madison, WI) and vertexing for 20 seconds. The mixture was put on ice for 5 minutes 

and spun at 14,000 rpm for 3 minutes. Subsequently, the supernatant was transferred into a fresh 

tube containing 600 µl of room-temperature isopropanol, mixed, and the DNA pelleted by 

centrifugation at 14,000 rpm for 2 minutes. The supernatant was removed, added 600 µl of 70% 

ethanol, mixed by pipetting, and centrifuged for 2 minutes at 14,000 rpm. The ethanol was 
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removed, and the pellet air-dried for 10 minutes. The DNA pellet was rehydrated with 100 µl of 

rehydration solution from Promega, Madison, WI, and incubated overnight at 4°C.    

3.3 Growth Curves    

The mutant and wild-type S. maltophilia 02 cultures were grown overnight in LB broth at 30°C in 

a roller The following cultures were made to perform the above experiments. For the streak plate, 

a single colony was inoculated into 5 ml of LB broth. Then, 80 µl of kanamycin was added to the 

mutant culture. Afterward, the cultures were incubated at 30°C for 18 hours on a roller drum. The 

next day, for the S. maltophilia 02 and the AX55 mutant, two test tubes with 9.5 ml of LB broth 

and 500 µl of the overnight culture were set up. In the mixture, the uniformity of the medium was 

ensured before it was divided into two test tubes each having a volume of 5 ml comprising a mix 

of 4.75 ml LB broth and 250 µl of overnight culture. The test tubes were labeled appropriately. 

Two test tubes for S. maltophilia 02—one with and one without selenite, and similarly two test 

tubes for AX55—one with and one without the addition of selenite, so at the end, four test tube 

samples were prepared for the growth curve experiment.    

Cell culture readings were taken with a NanoDrop 8000, with a cuvette, using 100 µl of cells in 

each measurement. Zeroing was performed using the device with 100 µl of LB broth. The culture 

tubes were stored in the roller drum at 30°C to maintain a constant temperature. To ensure the 

accuracy of the measurements taken, only one tube could be removed from the roller drum at any 

time for reading to avoid cooling the cells. After an incubation of 90 minutes, sodium selenite was 

added to the experimental tubes to a final concentration of 10 mM, and  equal volume of water was 

added to the positive control tubes. Measurement for all four growth curve samples was done every 
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30 minutes till 5 hours and 60 minutes following 5 hours, for 720 minutes. Seven growth curves 

were taken to maintain normalization of data.    

3.4 Total RNA Preparation    

RNA was extracted from 200 µl of cell culture. All these samples were collected at time variables- 

two samples were collected after the incubation period of 90 minutes before the addition of selenite, 

four samples were collected 2 hours after the addition of sodium selenite, and another four RNA 

samples were collected 3 hours post-addition of sodium selenite. In total, there were 10 samples 

for RNA purification. Different samples at the time points are mentioned in Table 1 below for 

reference.    

Table 1-RNA samples    

RNA    

    

90 minutes    210 minutes    270 minutes    

S02    S02 -no selenite    
S02- water    

S02- selenite    

S02- water    

S02- selenite    

AX55    AX55- no selenite    AX55- water    

AX55- selenite    

AX55- water    

AX55- selenite    

    

The following day, pellets were thawed and resuspended in 110 µL of a TE buffer mixture. This 

was prepared by adding 10 µL of proteinase K with 100 µL of a TE buffer containing 15 mg/mL 

lysozyme. In each sample, the constituents of the buffer were 45 µL proteinase K, 450 µL TE 

buffer, and 6.75 mg lysozyme. The cells were resuspended and then incubated at room temperature 
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for 10 minutes, with vertexing for 10 seconds every 2 minutes. Afterward, each sample was added 

to 350 µL of RLT buffer with 10 µL of β-mercaptoethanol per mL of RLT buffer. The total volume 

equaled 1.575 mL of RLT and 1.58 µL of β-mercaptoethanol.    

  After incubation, the samples were centrifuged at 10,000 rpm for 2 minutes, then the supernatant 

was transferred to new 1.7 ml tubes with 250 µl of 100% ethanol. These mixtures were loaded onto 

RNA spin columns and then centrifuged for 30 seconds to bind the RNA to the columns. The 

flowthrough was then discarded and 700 µl of Buffer RW1 was added to each spin column.    

 The columns were then centrifuged at 10,000 rpm for 30 seconds and the flow-through was 

discarded. The columns were washed twice with 500 µl of Buffer RPE (QIAGEN, Germantown, 

MD), for 30 seconds and then for 2 minutes. Following each wash step, the flow-through was 

discarded. Finally, 1 minute of centrifugation at 10,000 rpm without buffer was performed to 

remove any residual wash solutions. Afterward, spin columns were transferred into new 1.5 ml 

collection tubes. RNA was eluted with 30 µl RNase-free water from QIAGEN, Germantown, MD. 

Elution was repeated with each column spun through at a speed of 1,000 rpm for 90 seconds. The 

eluted RNA was transferred into four separate 0.65 ml microfuge tubes, after which the 

concentration of RNA in each was measured using a NanoDrop 8000.    

3.5 cDNA Synthesis    

 The RNA was reverse transcribed into cDNA according to the procedure. First, 100 ng of RNA 

was adjusted for each sample and then nuclease-free water was added to each in a final volume of 

6 µl. Afterward, 2 µl of Random Primer Mix from New England BioLabs, Ipswich, MA, was added 

to each sample and brought up to a volume of 8 µl. Also, the setting up of a negative control tube 

for each RNA sample was performed. Denaturation of the RNA and primer mixtures was 
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performed in a thermocycler at 65°C for 5 minutes. Afterward, the tubes were placed on ice before 

the addition of 10 µl of ProtoScript II Reaction Mix (New England BioLabs). The control tubes 

contained 2 µl of nuclease-free water, while the experiment tubes contained 2 µl of ProtoScript II 

Enzyme Mix. Following this, cDNA synthesis was carried out by thermocycler as follows:     

25°C for 5 minutes, 42°C for 60 minutes, and 80°C for 5 minutes, followed by holding at 4°C.    

Each PCR reaction contained 1 µl of the cDNA.     

3.6 Primers    

Custom DNA oligonucleotides were designed using Benchling software and ordered from IDT 

DNA Technologies in Coralville, Iowa for synthesis.    

Table 2- Primers    

Primers    Sequence        

MetK2F    

    

AAGGTCATCACGGACATCGG    

    

DNA    

MetK2R    

    

TTCTTCGGGCTTCTTGCGAT    

    

DNA    

S02_GAPDH_F    AAACCGCGCAGAAGCACATCGA   

    

     

S02_GAPDH_R    GCCGGCGTAGGTCTTGTCGTTC    
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3.7 PCR Amplification    

Primers targeting the sequences of interest were primarily designed using Benchling, targeting the 

selenite-resistant bacteria outer membrane proteins. Briefly, the pellets of the primers were 

centrifuged for 10 seconds and resuspended to a final concentration of 100 µM in TE buffer. The 

solution was prepared in the TE buffer containing 10 mM Tris-HCl, pH 8.0, and 1 mM EDTA, both 

obtained from Amresco, Solon, OH. Thereafter, a 10 µM working stock was prepared by mixing  

10 µl of the dissolved primer with 90 µl of nuclease-free. A list of primers is mentioned above in 

Table 2 for reference.    

 GoTaq Green polymerase was used to carry out different PCR reactions that were obtained from 

Promega located in Madison, WI. Stock primers of 100 µM were diluted to a final concentration 

of 4 µM. This was done by mixing 4 µl of the primer with 96 µl of nuclease-free water.    

Afterward, the reaction mix was prepared that involved 10 µl of 2x GoTaq Green polymerase, 2.5 

µl of forward primer, 2.5 µl of reverse primer, 4 µl of nuclease-free water, and 1 µl of the template.    

The PCR reaction was done. The PCR program is as follows: -    

1. Run 1 cycle for 2 minutes at 95℃.    

2. Run 30 cycles for 1 minute at 95 ℃.    

3. Run 30 cycles for 1 minute at 60 ℃.    

4. Run 30 cycles 30 sec at 72 ℃    

5. Run 1 cycle for 10 min at 72 ℃    
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6. 25 ℃ hold    
        

Table 3- Templates for PCR reaction    

Template    

    

90 min    210 min    270 min    

cDNA S02    cDNA S02-No Se    cDNA S02-No Se 
cDNA S02-Se    

cDNA S02-No Se 
cDNA S02-Se    

cDNA AX55    cDNA AX55-No Se    cDNA AX55-No Se 
cDNA AX55-Se    

cDNA AX55-No Se 
cDNA AX55-Se    

Genomic S02    

    

Genomic S02    Genomic S02    Genomic S02    

Genomic AX55    

    

Genomic AX55    Genomic AX55    Genomic AX55    

    

3.8 Agarose Gel Electrophoresis    

To make 1% agarose gel, 1.3 grams of BioExcell Agarose LE from WorldWide Medical Products 

was combined with 130 ml of 1x TBE buffer from Amresco, which contained 0.089 M Tris Base, 

0.089 M Borate, and 0.002 M EDTA. Mix well and heat in the microwave until the agarose is fully 

dissolved. Then add 13 µl of Gel Green Nucleic Acid Stain , using Embi Tec's product, diluted 

1:10,000 from its stock solution. Stir the solution with a stir bar on a stir plate. Pour into a gel tray 
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and let it harden for about 30 minutes with the combs inserted to form wells. Once hardened, 

remove the combs. The gels were then prepared in a RunOne Electrophoresis System from Embi  

Tec, San Diego, CA, and overlayed with 1x TBE buffer. The PCR product was added with 6X 

loading dye. DNA separation was performed at 100V subsequently. The process was stopped when 

the bromophenol blue dye had reached the bottom of the gel. The visualizations were performed   

in a PrepOne Sapphire illuminator with an Embi Tec camera.        
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CHAPTER IV: RESULTS   

4.1 Growth Curves   

   

  

   

Figure 1- Growth Curve of S. maltophilia 02 and mutant AX55   

The growth of Stenotrophomonas maltophilia 02 (wild type) and AX55 (mutant) in rich LB broth 

were monitored over twelve hours, under aerobic conditions at 37°C. Cell density was measured 

using optical density at 600 nm. Four growth curves were studied for two different strains in the 

presence and absence of sodium selenite.   
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1. Growth Curve of S. maltophilia 02 without Sodium Selenite    

The lag phase lasted for about 120 minutes, in which there was no increase in OD600, thus it was 

an adjustment period for the bacteria. The exponential, or log, phase started at about the 120minute 

mark and lasted for 720 minutes in which OD600 increased significantly, thus showing that the 

cells were undergoing active cell division. The maximum OD600 of 3.24 was at 12 hours.   

2. Growth Curve of S. maltophilia 02 with Sodium Selenite    

The lag phase of the S. maltophilia 02 population in the presence of sodium selenite was 90 

minutes, followed by an exponential phase that lasted 720 minutes. The maximum OD600 reached 

was 1.5 at 720 minutes, where the growth was significantly inhibited compared to having no 

sodium selenite.    

3. Growth Curve of AX55 without Sodium Selenite    

The lag phase for AX55 without sodium selenite, lasted 180 minutes. The exponential phase lasted 

for 720 minutes, with a maximum OD600 realized at 12 hours with a value of 2.54.    

4. Growth Curve of AX55 With Sodium Selenite    

For AX55 with added sodium selenite, the lag phase lasted 120 minutes before the growth remained 

flat up to 720 minutes at an OD600 of 0.41.    

There was more growth of the wild-type S. maltophilia 02 compared with the AX55 mutant both 

in the absence and presence of sodium selenite. A depression in OD600 was observed for both 

strains on the addition of sodium selenite; more reduction was noted for AX55. AX55 growth in 

the exponential phase was stagnant. The growth curves indicate that for S. maltophilia 02 without 

selenite, AX55 without selenite, and S. maltophilia 02 with selenite the growth phase may last for 

more than 18 hours before entering the decline phase. In sharp contrast, the log phase for mutant 
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AX55 in the presence of sodium selenite extended beyond 18 hours. The error bar for the graph 

signifies deviation in seven data that was collected after normalization of data.   

   

   

Figure 2- Sodium Selenite supplementation to LB cell cultures   

In the setup of this experiment, the reduction of selenite to elemental selenium is indicated by the 

formation of a red precipitate. This red coloration would correspond to the existence of elemental 

selenium. Using the wild-type S. maltophilia 02, there would form a certain observable amount of 

red precipitate, thus indicative of a decent reduction. On the other hand, the mutant AX55 had very 

weak red coloration, so in this case, the reduction of selenite to elemental selenium will be 

significantly lower.   
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4.2 Agarose Gel Electrophoresis    
  
  

Primers    90    DNA    C    

GAPDH    

            

metK    

            

    

Figure 3: Expression levels of GAPDH and metK genes in S. maltophilia 02 at  90 minutes before 

sodium selenite addition. Agarose Gel, 1% electrophoresis of the RT-PCR products amplified using 

primers MetK2F/MetK2R and S02_GAPDH_F/S02_GAPDH_R that are specific to the GAPDH  

and metK genes respectively.    

As shown in Fig 3. In the cDNA separation of S. maltophilia 02 using GAPDH and metK primer, 

DNA refers to Genomic DNA as positive control and C as negative control with nuclease water. 

For transcriptional differences in S. maltophilia 02, PCR was performed. Here, genomic DNA 

served as the reference or positive control, while nuclease-free water was a negative control. In the  

1% agarose gel electrophoresis, resolved at 100V for 45 minutes, there were distinct bands for both 

GAPDH and metK primers. No difference in the transcriptional level could be observed between 
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the GAPDH and metK primer on the gel images hence, these genes are supposedly equally 

transcriptionally active under such conditions. Control reactions further confirmed the specificity 

and reliability of the PCR process, showing that, before treatment with selenite, transcriptional 

levels of GAPDH and metK in S. maltophilia 02 are equivalent    

Primers    120    180    DNA    C    

GAPDH-No selenite    

                

GAPDH-Selenite    

             

metK-No selenite    

 

            

    

Figure 4: Expression levels of GAPDH and metK genes in S. maltophilia 02   at 120 minutes and 

180 minutes following sodium selenite addition. Agarose Gel, 1% electrophoresis of the RT-PCR 
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products amplified using primers MetK2F/MetK2R and S02_GAPDH_F/S02_GAPDH_R that are 

specific to the GAPDH and metK genes respectively.    

The results of the gel electrophoresis in Fig. 4 indicated the separation of S. maltophilia 02 cDNA 

with GAPDH and metK primers at 120- and 180 minutes post sodium selenite addition. Genomic 

DNA was used as the positive control; on the other hand, nuclease-free water acted as the negative 

control. As evident in this analysis, no notable differences in transcription between the GAPDH 

and metK primers were found, thereby signifying the expression of these genes. However, bands 

at 120 minutes are more intensified compared with those at the 180-minute time point, thus 

representing a clearer transcriptional response or number of copies.    

    

Primers    90    DNA    C    

GAPDH    

            

metK    
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Figure 5: Expression of the GAPDH and metK gene in mutant AX55 at 90 minutes before adding 

sodium selenite. Agarose gel (1%) electrophoresis of the RT-PCR products obtained using primers 

MetK2F, MetK2R, S02_GAPDH_F and S02_GAPDH_R specific for GAPDH and metK gene    

Fig 5. depicts the separation of cDNA from S. maltophilia. 02 mutant AX55 with GAPDH and 

metK primers. Genomic DNA was used as the positive control while nuclease-free water served as 

the negative control. Gel electrophoresis revealed distinct bands for the two primers, GAPDH and 

metK. There was no significant difference in transcriptional levels with the GAPDH and metK 

primers, indicating that these genes are expressed similarly under such conditions. Control 

reactions confirmed the specificity and accuracy of the PCR, showing that transcriptional levels of 

GAPDH and metK in AX55 were equal before the addition of selenite.    

    

Primers      120    180    DNA    C    

GAPDH-No    

selenite    

                

GAPDH-   

Selenite    
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metK-No    

selenite    

              

metK-Selenite    

                

    

Figure 6: Expression levels of GAPDH and metK genes in AX55 at 120 minutes and 180 minutes    

following sodium selenite addition. Agarose Gel, 1% electrophoresis of the RT-PCR products 

amplified using primers MetK2F/MetK2R and S02_GAPDH_F/S02_GAPDH_R that are specific 

for GAPDH and metk    

The result shows genomic DNA was used as a positive control whereas nuclease-free water was 

used as a negative control. There was no differentiation in the transcriptional levels of AX55 

between the GAPDH and metK primers, so their gene expression is considered the same. However, 

the bands at 120 minutes were more in without selenite than with selenite. All band's 180 minutes 

showed the same intensity both with and without selenite.    

   

The overall analysis of RT-PCR showed that there are no significant differences in metK gene 

expression with mutant or wild-type strains, so some other factor could be interfering with the role 

of the transposon in selenite resistance or methylation; however, promoter prediction is 

inconclusive. GAPDH was used as a control for checking the reliability of transcriptional 
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measurements and proved to be constantly expressed in all samples, hence proving the reliability 

of the transcriptional data obtained in the study.    

             
1.3 Multiple sequence alignment    

Multiple sequence alignment of S-adenosylmethionine synthetase from AX55 and 20 homologs 

retrieved for comparison was performed. For this, the MUSCLE function in the UGENE tool was 

used. (102).    
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                                                       Figure 7: Multiple Sequence Alignment (102)    
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1.4 Phylogenetic Analysis    

A phylogenetic tree was constructed to investigate the evolutionary relationship of AX55 SAM 

synthetase with its homologs. Sequences were imported into MEGA7 and realigned using 

MUSCLE for more accurate results (102-104). Maximum likelihood analysis inferred evolutionary 

history for each taxon and included 1000 bootstrap replicates. The percentages indicating the 

number of times each clade appeared in the 1000 bootstrap replicates are shown on the tree. The 

tree clearly shows the closeness in the evolutionary relationship between the S. maltophilia 02 

mutant and the other species of S. maltophilia.    

    

    

    

    

    

    

    

    

    

    



49    

    

Figure 8: The phylogenetic tree describes the evolutionary relationships of AX55 S-adenosyl 

methionine synthetase with its closely related homologs. Branch lengths are measured in the 

number of amino acid substitutions per site. Bootstrap values are shown in percentage   
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Chapter V: Discussion  
  

The growth patterns of wild-type S. maltophilia 02 and mutant AX55 took a very different route. 

In comparison, while the mutant showed very slow growth during the exponential phase, it finally 

reached a plateau in growth rate. For the wild type, there was no such phenomenon in the presence 

of sodium selenite - it just continued to grow gradually. This is accompanied by a red precipitate 

of elemental selenium and a smell of garlic., which was more evident in the wild S. maltophilia 02 

compared with mutant AX55 in addition to sodium selenite.     

The presence of transposon insertion at the metK region does cast doubts on the sensitivity of the 

mutant to selenite. Although the transposon is inserted into the 5' UTR rather than a coding 

region— which Sapphire predicts should not disrupt metK expression—it had been presumed that 

metK transcriptional levels in mutant AX55 would be absent than in wild S. maltophilia 02. In 

contrast to expectations, metK transcript levels were virtually identical in both mutant and wild 

types. The observation suggests that, even in the presence of sodium selenite, the expression of 

metK remains unaffected by the insertion of the transposon.    

Since this is just a single experiment, it needs to be repeated to verify the results obtained. In 

addition, to further confirm the results obtained, a set of follow-up experiments needs to be planned 

and executed. For example, Western blotting techniques could be carried out for the expression of 

proteins. This would be realized by purifying the metK protein, preparing a specific mouse antibody 

against it, and then using SDS-PAGE to separate the proteins from cell samples. The proteins could 

be transferred to a blotting membrane and probed with the antibody to detect metK presence and   

levels.    
Furthermore, the knockout of the metK gene by homologous recombination would give a much 

more definitive way of proving the involvement of metK in the observed phenotypes. Any changes 
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in sensitivity to sodium selenite will be observed as a direct consequence of the loss of metK 

function. Such extra techniques at their disposal will enhance the solidity and accuracy of 

conclusions on the function and expression of the metK gene in response to sodium selenite.    

    

Microbial activities transform the selenium species and change its physical state. The alkylation of 

dissolved selenate or selenite can produce volatile gases such as dimethyl selenide and dimethyl 

diselenide (105). However, the specific enzymes involved in microbial selenium alkylation remain 

largely unidentified. Despite this, studies have demonstrated the potential for microbial 

communities to mediate selenium alkylation and volatilization, contributing to selenium  

detoxification (93).    

     

 Previous studies in conjunction with current findings, provide further support for the complexity 

of the selenium methylation mechanism. However, the following limitations of the study may be 

accounted for result shall be considered. First, the accuracy of RT-PCR reactions may repeat several 

times. Second, there could be DNA contamination in the reaction mixture that may affect the 

results. Third, reducing the number of PCR cycles to less than thirty cycles might show metK 

expression differences between mutant and wild-type strains that were not detected in the present 

study.    
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 Chapter VI: Conclusion    

In conclusion, S-adenosylmethionine is not involved in selenite resistance however other variables 

that regulate metK transcription may be involved. This work may contribute to our understanding 

of the intricate regulatory system of Selenite methylation.    
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Chapter VI: Appendices    

 Appendix A: Accession numbers of bacterial species used in phylogenetic analysis    

   Species  Accession Number    

   
Escherichia coli K12    CQR82379.1    

Stenotrophomonas maltophilia    WP_049459461.1    

Stenotrophomonas geniculata    WP_313269543    

Acinetobacter baumannii    SSM89913.1    

Stenotrophomonas geniculata    WP_049411943.1    

Stenotrophomonas geniculata    WP_333581363.1    

Stenotrophomonas sp. SMYL89    WP_197620260.1    

Stenotrophomonas sp. CD2    UUS15695.1    

Stenotrophomonas maltophilia OR02    Not Submitted    

Stenotrophomonas sp. NY11291    WP_248854321.1    

Stenotrophomonas sp. GD03930    WP_279944389.1.1    

Stenotrophomonas sp. LMG 10879    WP_099820278.1    

Unclassified     WP_132825931.1    
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Stenotrophomonas sp. C3(2023)    WP_317213096.1    

Stenotrophomonas tumulicola    WP_182339991.1    
  

Xanthomonas chitinilytica    

  

WP_265126355.1    

  

Stenotrophomonas sp. YIM B06876   WP_305806179.1    

Stenotrophomonas sp. MMGLT7   WP_231803620.1    
  Pseudoxanthomonas dokdonensis                 WP_057658048.1    

  Xanthomonas massiliensis                             WP_066097824.1    

Appendix B: Expended Phylogenetic tree   
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