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Abstract 

The San Jacinto River system south of the I-10 overpass is heavily contaminated with biphenyl 

and polychlorinated biphenyls (PCBs), carcinogenic aromatic hydrocarbons that have a deleterious 

impact on the environment. While typically recalcitrant to most forms of environmental 

degradation, biphenyl and PCBs compounds are known to share a common microbial degradation 

pathway with other chlorinated aromatics such as polychlorinated dioxin (PCDD) and 

dibenzofuran (PCDF). As such, the purpose of this research is to isolate and test bacterial strains 

collected from contaminated San Jacinto River sediment and soil for the capacity to degrade or 

fully metabolize biphenyl and its derivatives. As conventional clean-up is expensive, such strains 

can be used in the field of bioremediation as a more cost-effective way of treating environmental 

contamination. The samples were screened for six weeks in minimal media with putative positive 

samples isolated for further bioinformatics analysis. Microorganisms identified as Pseudomonas 

pseudoalcaligenes, Pseudomonas nitroreducens, and Comamonas sp. were noted to harbor a 

putative 2,3 biphenyl dioxygenase enzyme and were further assessed for possible degradative 

capacity through a combination of growth kinetics and GC-MS analysis to determine the quality 

and quantity of the intermediate metabolites. Sample growth results suggest that each of the three 

isolated study strains are unable to utilize biphenyl or 3-chlorobiphenyl as a sole carbon source.  

In addition, expected metabolites of biphenyl degradation were not observed in either the 

supernatant or cell lysate indicating that expression of these putative 2,3 biphenyl dioxygenase 

enzymes and/or their catalytic activity against biphenyl is likely to be minimal.  
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1.Introduction 

1.1 Background of the San Jacinto waste pits 

San Jacinto River is situated in the East part of Houston. This place is also known as Harris 

County Texas. It is in close proximity to areas like the Channelview and the Highlands. 

Champions papers which is a precursor of International papers was a paper mill located in 

Pasadena, Texas. In the 1960s, Champion Papers was responsible for discarding their 

wastes at the San Jacinto River. They made a contract with McGinnis Industrial 

Maintenance Corporation to carry out this operation. Initially the dump site was surrounded 

by multiple clay impoundments which were made with hopes to contain the waste material. 

This area was very susceptible to rain along with other sorts of natural calamities. 

Therefore, two of these impoundments eroded overtime resulting in their partial 

submergence into the San Jacinto River. In 2008, the Environmental Protection Agency 

declared these impoundments as a Superfund site and sealed the area off from the public. 

However, non-chlorinated and polychlorinated organic waste, notably biphenyls and 

similar aromatic compounds like dioxins and dibenzofurans leaked from the submerged 

site resulting in major contamination of the San Jacinto River system as far south as 

Galveston Bay and represents a major health risk.  To date, the impoundments have been 

sealed by an armored cap to prevent further leakage and plans to remove the waste from 

the site has been discussed, but not been carried out. No significant efforts have been made 

to remediate the waste that has already escaped the impoundments into the San Jacinto 

River [24]. 
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1.2 Project rationale and objectives 

This project was conducted for bioremediation purposes that can aid in solving the 

contamination problems that have so long persisted in areas like Buffalo Bayou and the 

San Jacinto River. This research can help to provide solutions that can neutralize the 

harmful effects of biphenyl and polychlorinated biphenyls in the environment by 

identifying microorganisms that can degrade these aromatic compounds and their 

polychlorinated derivatives. Important information about these potential biphenyl 

degrading microorganisms can be derived from this research, including the growth 

parameters and genetic information that are necessary to conduct bioremediation on a 

larger scale. This will eventually help in restoring a balance in the ecological system that 

was altered due to the inflow of biphenyls and polychlorinated biphenyls in both soil and 

water.  

The four objectives for this study are: 

i) screening of contaminated soil taken from the banks of San Jacinto River to collect 

biphenyl and polychlorinated biphenyl degrading microorganisms. 

ii) conduct a comprehensive bioinformatic analysis of isolated strains to identify 

putative biphenyl degrading genes and to construct a map of a possible degradation 

pathway.  

iii) determine growth kinetics of isolated microorganisms on biphenyl and 

polychlorinated biphenyl substrates to access their capacity to use these compounds 

as a sole carbon source or to co-metabolize these compounds with supplemental 

nutrition. 
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iv) apply gas chromatography mass spectrophotometry to extracted cultures and 

growth medium to determine the metabolic intermediates produced from biphenyl 

and polychlorinated biphenyl. 

1.3 Structure and uses of biphenyl 

Biphenyl is a thermally stable, aromatic hydrocarbon, with two hexagonal rings which are 

connected to one carbon on each ring. It has several different roles in the industrial 

processes as it serves to be an anti-fungal agent or a fungistat that is used in the 

transportation of containers containing citrus fruits [1,2]. It is also used as an intermediate 

in the production of emulsifiers, optical brighteners, plastics and other organic compounds. 

It can be used to transfer heat, to act as an electrical insulator and to carry dyestuff for 

textile and paper industry. Alongside all these roles it is also known as a solvent in 

pharmaceutical production.  

It also serves as a parent compound for polychlorinated biphenyls (PCBs), [1,3] which have 

the empirical formula of C12 H10-n Cln where n can be a number from 1 and 10 [4]. Although 

polychlorinated biphenyl was first synthesized in 1881, [5] the commercial manufacture 

began in the 1930s [6]. They have a high chemical stability, low aqueous solubility, and 

are non-flammable and great electrical insulator.  

1.4 Production process 

Production procedure initiates with the batch chlorination of biphenyl. Through separation 

and purification, the wanted halogenated biphenyl segments were obtained. For this, the 

chlorinator is charged with appropriate amounts of biphenyl and catalytic agent, iron 

fillings or ferric chloride. These are then heated above the melting point of biphenyl. A 
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flow of vaporized anhydrous chlorine is passed on and the charge is dispersed with a pump. 

It is important that the temperature be kept above the melting point of biphenyl while 

conducting this chlorination procedure. However, a temperature of 150°C might cause 

excess sublimation. The degree of chlorination mainly ranges from a time frame of 12h to 

36h [4,10]. 

Although there are many applications of the product, the product is purified with 0.3% 

alkali. This is done to remove the color, traces of hydrogen chloride and the catalyst. The 

commercially formed PCBs range from dichlorobiphenyl to decachlorobiphenyl [4,10]. 

PCBs have been sold commercially as technical grade liquids. They have also played the 

role of liquid mixtures ready for specific applications [4,10]. 

 

Fig: 1.2.1 Biphenyl. 
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Fig: 1.2.2- 3-Chlorobiphenyl 

1.5 PCB accumulation in the environment 

PCBs consists of 209 congeners that are chemically related substances, connected to each 

other by origin, structure, or function. It has been documented that there are occurrences 

of severe environmental contamination by almost half of all these PCBs in industrial areas 

[7]. The main source of these contaminations is mostly due to leaks from equipment 

containing large volumes of polychlorinated biphenyls. Byproducts of PCB fluids have 

also played a role in the road constructions, emissions from incinerators, engines, and 

furnaces burning fuels contaminated with PCBs and re-evaporation from water and land 

masses. Materials that contain polychlorinated biphenyls PCB are usually discarded 

without any further biodegradation.  

1.6 Harmful effects of the accumulation of PCBs in the food chain 

Research has shown that polychlorinated biphenyls (PCBs) can be toxic to the aquatic 

environment. Since biphenyls and its polychlorinated compounds are recalcitrant to 

environmental degradation and since they are not soluble in water, they propagate through 

the food chain and are stored in the fat tissue because of their strong lipophilic properties. 
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Plankton, fish and crustaceans that live near the ocean bed are found at the tropic level of 

the food chain, have a low concentration of PCBs in their systems, while the predators 

found at the top of the food chains have the highest concentration of PCBs. This shows that 

there is an increase in the level of toxicity as one moves up the food chain [7]. Since 

biphenyls and its polychlorinated compounds are recalcitrant to degradation, 

microorganisms cannot degrade these aromatic compounds and its polychlorinated 

derivatives in the water bodies like rivers, lakes or oceans [18].  Therefore, biphenyls can 

alter certain physiological functions in living organisms that are monitored by steroids [7]. 

They are also known to affect growth, periodic shedding of the cuticle as well as the 

reproduction in certain animals [7]. Reports have shown inhibited growth conditions in 

infantile salmon [19]. The trout fry, which is another species of fish had been affected by 

these polychlorinated compounds. Growth had stopped significantly and there was also a 

problematic issue of bone development after 48 days these fish were hatched [20]. Another 

research shows that fiddler crabs had molting issues after being exposed to Aroclor 1242 

which is a derivative of biphenyl [21]. This is how the ecological system can be affected 

as a lot of these aquatic animals are a common source of diet and nutrition for human beings 

and other animals that belong to the top of the food chain. Since food source is how humans 

are being exposed to biphenyls and polychlorinated biphenyls, PCBs can crossover to the 

placenta in the process affecting unborn children. They are also known for causing medical 

conditions such as hyperbilirubinemia, hypoplastic nails and scalp calcification. In 

experiments performed on mice and rhesus monkeys, PCBs were shown to be toxic to the 

nervous system and birth rate [6].  
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The harmful effects of polychlorinated biphenyls are very severe to the ecological system 

which was why necessary steps were introduced to take control over the flow of PCBs into 

the environment, in both national and international contexts. OECD which stands for 

organization for economic cooperation and development is a worldwide organization that 

is responsible for taking measures to protect the environment and to control the disposal of 

PCB wastes. It has member countries which include France, Germany, Italy, Spain, U.K, 

Japan, U.S.A[4]. In America, the production of PCBs was initiated in 1929 by the Swan 

Chemical company, which was later taken over by Monsanto Industries in 1935. Initially, 

polychlorinated biphenyls that were manufactured mainly served as components for 

dielectric fluids but later they were also used in heat- transfer systems [4,10,11]. However, 

in 1971, there was a increase in the public and scientific concerns which led to Monsanto 

taking the initiative of terminating the production of PCBs at its Anniston (AL) plant, but 

production at the Sauget (IL) facility had not stopped [4]. The Kanegafuchi Chemical 

company in Japan initiated the production of PCBs, under the name of Kanechlor, in 1954. 

Fifteen years later, the Mitsubishi Monsanto Company began the synthesis of 

polychlorinated biphenyls. From 1972, Japan decided to stop the production and imports 

of PCB. However, during those 18 years, a huge measure of PCBs was produced, which 

was mostly conducted by Kanegafuchi [4,11,12]. PCBs were produced in the Rhone 

Poulenc and Atochem Companies in France. They were known as Phenochlor and Pyralene 

respectively. An annual estimate of 4000 tons of the polychlorinated biphenyls is produced 

there even today [4,11]. In the Federal Republic of Germany, Bayer AG (Leverkusen) 

started the production of PCBs under the name of Clophens since the early 1930s till 1983. 

About 155000 tons of the product was manufactured within these 50 years. From 1972, 
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their use was restricted to certain categories like capacitors, transformers, and hydraulic 

equipment in mining. Certain hydraulic fluids that are known to contain PCBs are utilized 

in underground mining are considered an important source of emission till present date 

[4,11,13]. Under the trade names of Fenclor and Apirolo, PCBs were manufactured by a 

company named Caffaro in Italy. They were produced from1958 till 1983. Caffaro has 

been a major producer of technical-grade decachlorobiphenyl [4]. Flix, jointly owned by 

an association of SA Cros and Rhone Poulenc, was the only company that produced 

Polychlorinated biphenyl in Spain. The mixtures were names as Pyralene or Fenclor and 

were marketed by Rhone-Poulenc Espana [4,11]. Monsanto synthesized PCBs in UK. This 

was mainly for the European market located in their Newport Factory during the year 1954. 

In 1977, the production of PCBs was halted by Monsanto [4,11]. In the Eastern part of 

Europe such as Russia, Poland, Czechoslovakia, and German Democratic Republic, 

Polychlorinated Biphenyls are still being synthesized. Before 1968, Chemko in 

Czechoslovakia used to synthesize 6000 tons of PCBs annually. At the same time, the 

German Democratic Republic and the USSR were producing much higher quantity than 

that of Czechoslovakia. About 500 tons were being produced annually between the years 

1980 and 1983. However, due to certain ecological issues, the production of PCBs was halt 

in 1984. During the 1960s Polychlorinated Biphenyls were back to production by the 

Deutsche Soda Werken-VEB under the name Orophene [4,15]. 

1.7 Environmental fate of PCBs degradation 

Polychlorinated biphenyls can be effectively removed from surroundings with the aid of 

various microorganisms that contain biphenyl degrading genes. This biodegradation is 

possible due to certain specific genes, such as the bphABCD genes. These genes mainly 
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code for enzymes such as dehydrogenases, dioxygenases and hydrolases that which mainly 

work in degrading biphenyls and its polychlorinated derivatives.  

The biodegradation process is reliant on different mechanisms such as aerobic respiration, 

anaerobic respiration, and fermentation. Aerobic respiration requires oxygen, and the 

reaction includes mono and di-oxygenases. Anaerobic respiration, on the other hand does 

not require oxygen. For anaerobic respiration, nitrate, sulfate, carbon monoxide and other 

inorganic substances play the role of electron receptors. Finally, fermentation is also a 

process that takes places in the absence of oxygen; the organic compound is the electron 

acceptor that is degraded. [8] 

1.8 Aerobic degradation  

 

1.8.1 Canonical biphenyl degradation in aerobic microbes [1, 25]. 

In a research conducted in the University of British Columbia, Vancouver, it is seen that 

Artic soil microorganism were tested for the presence of biphenyl degrading pathways. 

Their main obstacle was the environmental conditions since it is hard to carry out 

bioremediation in the cold climate. However, their research did result in the isolation of 
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native aerobic microbes from the Canadian Artic that were capable of degrading biphenyls 

and certain of its polychlorinated derivatives. Although their results proved that low 

temperatures can severely alter the process of removing biphenyl derivatives like Aroclor 

1221 in the Artic soils but with wild type strains or cultures better results can be obtained 

and biphenyl degradation can be made more effective [23]. In another recent study it has 

been seen that microorganisms like Pseudomonas pseudoalcaligenes kf707, Pseudomonas 

stutzeri were capable of degrading biphenyl since they have the biphenyl degradation 

pathway [18]. The canonical biphenyl degrading pathway for aerobic microbes like had 

shown Pseudomonas pseudoalcaligenes kf707, Pseudomonas stutzeri benzoic acid and 

catechol to be the final intermediate products. There are certain factors that can affect 

aerobic degradation of biphenyls and polychlorinated biphenyls. One such factor is the 

increased amount of chlorine substituent that may result in a lower level of biodegradation 

of PCBs. Biodegradation of polychlorinated compounds can be inhibited even when two 

chlorines in ortho-position are provided at the same or different aromatic rings of the 

biphenyl molecule [8]. 

1.9 Anaerobic degradation 

Anaerobic reductive dechlorination is a process that polychlorinated biphenyls take on 

despite being highly resistant to the common aerobic transformation. Research conducted 

on the PCB contamination of Hudson river sediments evince that the anaerobic 

surroundings result in much lower levels of tri, tetra and pentachlorobiphenyls and higher 

levels of mono and dichlorobiphenyls. If there is less chlorine present in the PCBs, it is 

more aerobically biodegradable since they are less poisonous in comparison to highly 

chlorinated PCBs. This demonstrates how the degradation rate is related to the amount of 
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chlorination in an inverse manner. According to Heidelore Fiedler (1997) “Highly 

chlorinated congeners are more prone to undergo more rapid dechlorination than in 

comparison to lower chlorinated congeners [8].” 

The number of chlorine substituent and their positions allow degradation rates to be 

investigated.  According to Heidelore Fiedler (1997) “chlorine in meta and para positions 

is reduced or altered by Reductive dichlorination This results in the buildup of the ortho-

chlorinated congeners [8].” 

2 Materials and methods 

2.1 Chemicals and reagents 

NTA (nitrilotriacetic acid), Cobalt chloride, Zinc sulfate, Magnesium sulfate, Calcium 

nitrate, iron sulfate, 16S rRNA primers 27F and 1510R, Biphenyl, 3-Chlorobiphenyl, 

BSTFA Acetonitrile and HCL were all purchased from Sigma Aldrich. The liquid broth 

was purchased from fisher scientific.  Agarose was purchased from Promega corporation. 

Hyper-ladder I, 100 lanes, lot no. 105B was purchased from bio line. The gas 

Chromatography mass spectrophotometer was purchased from Shimadzu. DNA extraction 

kit from QIAGEN. Rhodococcus globerulus (formerly known as Corneybacterium MB1 

sp) [16] from Atcc.org. A multimode microplate reader spark 10M was brought from 

Tecan. Costar 96 flat transparent plates were used to take down the optical density readings. 

Escherichia coli DH5α, DF05 (pseudomonas nitroreducens) [24] and DF9 (Comomonas 

species) were taken from the Dr. Iyer laboratory.  
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2.2 Collection of bacterial samples 

Table 2.2.1 List of samples collected from the potential contaminated sites 

HA01 was collected Baytown Nature 

Center W. Bayshore Dr. 

77520 Baytown, Texas 

HA08 and HA12 - Battleship Texas State 

Historic Site 3523 Independence Parkway 

South 77571 La Porte, Texas.  

HA02, HA10, HA15 and HA19 were 

collected from River Terrace Park 

Lakeside Dr 77530 Channelview, Texas 

HA09 was collected from Near corner or 

Market St and Woodleigh St Market Street 

77530 Channelview, Texas. 

HA03, HA13 and HA18 were collected 

from Channelview Lakeside Dr 

77530 Channelview, Texas 

HA11 and HA16 from buffalo bayou; 

Texas  

 

HA04 and HA05 was collected from San 

Jacinto Woodleigh St. 

77530 Channelview, Texas.  

HA14 was obtained from San Jacinto river 

banks Lakeside Drive 

77530 Channelview, Texas. 

HA06 was collected from Buffalo Bayou 

4411 Independence Parkway 77571 La 

Porte, Texas. 

HA17 was collected from 

Ballester 77571 La Porte, Texas. 

 

HA07 was collected from Jesse H. Jones 

Park & Nature Center 20634 Kenswick 

D At the bank of the bayou 

77060 Houston, Texas.  

HA20 was obtained from Atkinson Farm 

3217 Spring Cypress road 

77388 Spring, Texas. 
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Fig 2.2.3) River Terrace Park showing contaminated water bodies 

 

Fig 2.2.4 River Terrace Park showing contaminated water bodies 
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Fig 2.2.5 Industries and factories located near Baytown Nature Center have contaminated 

the water bodies 

2.3 Screening procedure 

In a research conducted, 20 samples were taken from different locations. They were grown 

for six weeks under Carbon selected media (CSM) (5ml) and biphenyl(5µl) in 20 different 

test tubes. The following step was to serial dilute the culture, 999.5µl:0.5µl. 25ml of agar 

was added to each plate. After that a ratio of 1:3 biphenyl: water was added. These plates 

were made to screen out the microbes which would grow in the presence of biphenyl as the 

only carbon source. Eventually, 100ml of the culture was added to the plates.  This step 

was a screening procedure which led to the result of five plates showing growth under 

selective media. The five samples which had shown results were samples HA3, HA6, 

HA11, HA12, HA20. A glycerol stock of these five samples was made, (200µl:800µl).  

DNA for the following samples were extracted using a DNA extraction kit. 1ml of bacteria 
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culture was placed into a 1.5ml microcentrifuge tube and centrifuged for 5 minutes at 

7200rpm (Spin the entire sample 1ml at a time). 180µl of ATL buffer was added regardless 

of the pellet size. ATL buffer is a tissue lysis buffer for use in purification of nucleic acids. 

20µl of proteinase K was added or mixed using vortex. It was then incubated at 56° C until 

the tissue is completely lysed. Occasionally it was vortexed during incubation to disperse 

the sample, or placed in a shaking water bath or on a rocking platform Then the 1.5ml 

microcentrifuge tube was briefly centrifuged to remove drops from the inside of the lid. 

200µl of AL buffer was added to the sample; this was mixed by using the vortex machine, 

it was vortexed for 15 seconds and then it was incubated at 70° C for 10 minutes. The 1.5ml 

microcentrifuge was then briefly centrifuged to remove the drops from the lid. 200µl of 

(96%-100%) ethanol was added to the sample, and this was pulse vortexed for 15 seconds. 

After that, the mixture from the previous step including the precipitate was carefully 

applied to the QIAamp Mini spin column. This was then centrifuged at 8000rpm for 60 

seconds. Then the QIAamp mini spin column was placed in a 2ml collection tube. The tube 

containing the filtrate was discarded. After that, the QIAamp mini spin column was 

carefully opened. 500µl of AW1 buffer was added without wetting the rim. The cap was 

closed and centrifuged at (8000rpm) for 1 minute. The QIAamp mini spin column was 

placed in a 2ml collection tube. The filtrate was discarded. Next step was to carefully open 

the QIAamp mini spin column and add 500µl of AW2 buffer without wetting the rim. Cap 

was sealed and centrifuged at maximum speed for three minutes. The QIAamp mini spin 

column was placed in a new 2ml collection tube. The old collection tube containing the 

filtrate was discarded. It was then centrifuged at full speed for 60 seconds. The QIAamp 

spin column is placed in a clean 1.5ml microcentrifuge tube, and then the collection tube 
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Is discarded that contains the filtrate. The QIAamp spin column is opened and 80µl of AE 

buffer or distilled water is added. This is then incubated at room temperature for 1 minute 

and then centrifuged at (8000rpm) for one minute.  

2.4 Gel electrophoresis 

The next step was to conduct gel electrophoresis with the aid of 16S rRNA 27F and 1510R 

primers just to identify the presence of bacterial DNA. 0.5grams of agarose was mixed 

with 50ml of TBE buffer. After that, it was microwaved for one minute, and then 3µl of 

EtBr (ethidium bromide) was added. 4µl of purple dye, 4µl of autoclaved water and 4µl of 

the polymerase chain reaction samples were inserted into microcentrifuge tubes, then a gel 

run was carried out for 1 hour till completion. The samples HA03, HA06, HA11, HA12 

and HA20 turned out to be positive.  

2.5 Bioinformatic analysis  

A bioinformatic analysis was carried out after the whole genome of DF05, DF09, sample 

3 was sequenced. The programs used for determining and interpreting the presence of 

biphenyl and 3-chlorobiphenyl genes were RAST and KEGG.  

2.6 Growth in LB and CSM: 

The samples HA03, HA06, HA11, HA12, HA20, DF05, DF09, Corneybacterium MB1 

(positive control) and Escherichia coli (negative control) were inoculated in liquid broth 

(8ml) and then they were incubated at 37°C for 24 hours. After that, 150µl of the samples 

were transferred into costar 96 flat transparent wells and then the optical density was taken 

at a wavelength of 600nm using the multimode microplate reader. The samples had shown 

an optical density reading of 0.6. After that, the samples in the liquid broth were transferred 
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to a 1ml aliquot. This was spun down at an rpm of 3000 for five minutes. The supernatant 

was discarded, and the pellet was left behind. The CSM or carbon selected media 

containing biphenyl and 3-chlorobiphenyl along with the inducers were then utilized to 

transfer the pellets remaining in the centrifuge tubes by suspending and resuspending them. 

The inducers used were dextrose and flavone. The main purpose of using dextrose 

(glucose) was to augment the cell growth of the culture. Therefore, a stock solution of 20% 

was made which was converted into a 1% solution by adding 0.5ml to each sample. 250 

mg of Flavone were added to a 10ml of acetone. After inoculating the suspension in carbon 

selected media, the next step was to take the initial optical density readings using the costar 

96 flat transparent wells in the spark tools. This was recorded as day zero readings. After 

24 hours of incubation at a temperature of 30°C, the optical density of the culture growing 

in carbon selected media with the presence of biphenyl and 3-chlorobiphenyl was taken. 

The optical density of the ones containing the inducers and inhibitors were also noted 

down. The next step was to take an aliquot of 1ml, spin it down at 3000 rpm for five mins. 

The pellet and the supernatant were observed and separated; the supernatant was then 

stored at -20°C. The optical density reading was taken for five consecutive days  

2.7 Derivatization of the samples prior to the GCMS 

Before the Gas chromatography-mass spectrophotometry technique, two 1 ml aliquots of 

each sample were taken. One sample was spun down immediately at 5000 rpm for five 

minutes. After that, the supernatant was removed from the pellet. In the other aliquot 10 

µl/ml lysozyme was used to lyse open the cells. The next procedure was to spin it down at 

5000 rpm for five minutes. After that 10µl of HCl along with 60 µl of ethyl acetate was 

added to each of the aliquots of the samples (60 µl). The samples were thoroughly shaken 
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for two minutes, and then they were spun down at 8000 rpm for 10 minutes. After that, the 

organic layer was extracted which was left to evaporate while being placed on the heated 

clamp. The next procedure would be to add 175 µl of acetonitrile along with 800 µl of 

BSTFA (N, O-bis(trimethylsilyl)trifluoroacetamide) which is diluted by acetonitrile on 

1:10 ratio. The samples were then again diluted in a 1:10. This was done by taking 100µl 

of the samples’ supernatant and then it was mixed with 900µl of acetonitrile. After that a 

10ml syringe was taken, the entire sample containing the supernatant and acetonitrile was 

drawn up. A filter at the end of the syringe was placed, and the samples were filtered into 

a 1.5mL Gas Chromatography vial. These were the steps taken before carrying out the real-

time analysis of these samples [17]. 

2.8 Gas chromatography mass spectrophotometry 

The vials were placed into the auto sampler. The real-time analysis program in the 

computer desktop was opened, and a real-time analysis was run on the samples selected. 

Once the instrument has completed running the samples, we can see the main constituents 

of the samples that we loaded. While pulling up our data the GC/MS will give readings of 

the top five peaks that have the highest level of accuracy. Each peak has an average 

spectrum that must be acquired by clicking on the average spectrum button and dragged 

across each peak. After that we proceed to the similarity search icon which will open a new 

window, any compound with a percentage of 75% or higher can be considered as a positive 

identification. The parameters of the GC were set to a column oven temperature of 100.0°C 

and injection temperature was 250°C. The flow control mode was under linear velocity, 

pressure was set to 89.7kPa. Total flow was 28.2mL/min, column flow was set to 

1.20mL/min, linear velocity was set 40.7cm/sec, Purge flow was set to 3.0 mL/min, the 
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split ratio was 20.0, the total program for the three runs was 12 minutes, 12 minutes and 

25.71 minutes. For the mass spectrophotometry, the ion source temperature was 250°C, 

interface temperature was set to 250°C. The start time was 2.05 and the end time was 9.00 

3 Results and discussion 

3.1 Gel electrophoresis 

A gel electrophoresis experiment with the aid of 16S rRNA 27F and 1510R primers just to 

identify the presence of bacterial DNA. The HA03, HA06, HA11, HA12 and HA20 turned 

out to be positive. The next step was to send the results of 16S sequencing. After that, a 

Blast analysis was carried out. This mainly helped to identify the bacterial strains. HA03 

had a high similarity with Pseudomonas pseudoalcaligenes kf707. HA06 had high 

similarities with an identified strain of Achromobacter species. HA11 had strong 

similarities with a strain of Enterobacter cloacae. HA12 had high similarities with a strain 

of Pseudomonas Aeruginosa. HA20 had high similarities with a strain of Achromobacter 

species.  

3.2 Bioinformatic analysis 

The whole genome sequences for Rhodococcus globerulus, Pseudomonas 

pseudoalcaligenes, Pseudomonas nitroreducens, Comamonas species was derived. The 

other strains which include, HA06, HA11, HA12, HA20 did not have the ability to degrade 

biphenyl or any it’s derivates. Therefore, the samples Rhodococcus globerulus, 

Pseudomonas pseudoalcaligenes, Pseudomonas nitroreducens, Comamonas were the ones 

that were worked with. Bioinformatic analysis was carried out using the tools RAST and 
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kegg. The main purpose of this bioinformatic analysis was to prove the very existence of 

biphenyl degradation genes present in the samples that were screened and isolated.  

3.2.1 Rhodococcus globerulus (formerly known as Corneybacterium MB1) 

 

Fig 3.2.1.1 List of enzymes derived from RAST for Rhodococcus globerulus (formerly 

known as Corneybacterium MB1). 
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Fig 3.2.1.2 Biphenyl degradation pathway for Rhodococcus globerulus (formerly known 

as Corneybacterium species MB1).  

This following map shows the list of enzymes involved in the biphenyl degradation 

pathway. The ones marked in green are the ones present in the biphenyl degradation 

pathway of Rhodococcus globerulus. Therefore, it suggests that BphA, BphB, and BphC 

are the enzymes present in the pathway for Rhodococcus globerulus. The final intermediate 

for this pathway is 2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoate. 
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3.2.2 Pseudomonas pseudoalcaligenes HA03 

 

Fig 3.2.2.1 List of enzymes involved in the biphenyl degradation pathway for 

Pseudomonas pseudoalcaligenes HA03 
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Fig 3.2.2.2 Biphenyl degradation map in Pseudomonas pseudoalcaligenes HA03 

This following map shows the list of enzymes involved in the biphenyl degradation 

pathway. The ones marked in green are the ones present in the biphenyl degradation 

pathway of Pseudomonas pseudoalcaligenes. Therefore, it suggests that BphA, BphB, and 

BphC are the enzymes present in the pathway for Pseudomonas pseudoalcaligenes. The 

final intermediate for this pathway suggests that 2-hydroxy-6-oxo-6-phenylhexa-2,4-

dienoate is the final intermediate that is supposed to be found. 
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3.2.3 Pseudomonas nitroreducens (DF05) 

 

Fig 3.2.3.1 Biphenyl degradation map in Pseudomonas nitroreducens DF05. 

According to the biphenyl degradation pathway for DF05, Pseudomonas nitroreducens, 

which was derived from kegg, it is seen that only the BphA gene is present in DF05. 

Therefore, it only results in producing the intermediate, 2,3-Dihydro-2,3-

dihydroxybiphenyl and cis-2,3-Dihydro-2,3-dihydroxy-4-chlorobiphenyl.  
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3.2.4 DF09 (Comamonas species) 

 

Fig 3.2.4.1 List of enzymes involved in the biphenyl degradation pathway for 

Comamonas species DF09 
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Fig 3.2.4.2 Biphenyl degradation pathway in Comamonas species DF09. 

The biphenyl degradation pathway for Comamonas species, DF09 derived from kegg, 

suggests that none of the genes for biphenyl or 3-chlorobiphenyl are present.  

3.3 Optical density readings 

This following experiment was conducted in triplicates. For each repetition, after five days 

of inoculating and incubating the microbes in Carbon selected media (10ml) at Ph 7, 28°C 

along with the various constituents, biphenyl (0.1mg/ml), 3-chlorobiphenyl (0.1mg/ml), 

glucose 1% concentration, flavones (0.025mg/ml), the following results were obtained. 

The optical density results are an average of the data obtained each time the experiment 

was repeated.  
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3.3.1 Corneybacterium MB1 (Rhodococcus globerulus) 

Table 3.3.1.1 Optical density readings for Rhodococcus globerulus 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0715 0.071 0.0835 0.0536 0.0909 0.0577 

1 0.0495 0.1335 0.0825 0.0404 0.1221 0.0425 

2 0.0352 0.0899 0.0537 0.0317 0.1283 0.0325 

3 0.036 0.075 0.0492 0.0237 0.0967 0.0269 

4 0.0367 0.0674 0.0508 0.0224 0.0896 0.023 

5 0.027 0.0533 0.0366 0.0184 0.0758 0.0213 

 

Table 3.3.1.2 Standard deviation for Rhodococcus globerulus 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0006 0.025 0.0004 0.0004 0.0006 0.0007 

1 0.0006 0.0006 0.0003 0.0003 0.0007 0.0008 

2 0.0004 0.0006 0.0007 0.0003 0.0002 0.0006 

3 0.0020 0.0021 0.0004 0.0004 0.0009 0.0006 

4 0.0003 0.0004 0.0003 0.0004 0.0011 0.0044 

5 0.0025 0.0011 0.0005 0.0002 0.0007 0.0006 
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Table 3.3.1.3 Confidence intervals for Rhodococcus globerulus  

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0006 0.0028 0.0005 0.0005 0.0006 0.0007 

1 0.0007 0.0007 0.0004 0.0003 0.0008 0.0008 

2 0.0004 0.0007 0.0007 0.0003 0.0002 0.0007 

3 0.0023 0.0024 0.0004 0.0005 0.0010 0.0007 

4 0.0003 0.0005 0.0003 0.0004 0.0013 0.0049 

5 0.0028 0.0012 0.0005 0.0003 0.0008 0.0006 

 

 

Fig 3.3.1.1 Optical density readings for Rhodococcus globerulus  

Biphenyl- When carbon selected media was inoculated with Rhodococcus globerulus, and 

biphenyl as the only carbon source, it is seen that gradually the optical density went down.  

Biphenyl and glucose- When biphenyl along with a supplementation of glucose was 

applied, on the very first day, the optical density rates went high but slowly led to a gradual 

decline. This can be due to the depletion of glucose in the media.  
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3-chlorobiphenyl- When 3-chlorobiphenyl was added as a sole carbon source in carbon 

selected media inoculated with Rhodococcus globerulus, the rates were quite steady for the 

first day, and then there was a gradual decline.  

3-chlorobiphenyl and glucose- When 3-chlorobiphenyl was supplemented with glucose it 

is seen that the optical density followed a similar pattern like that of biphenyl and glucose. 

The optical density of both went up, and then there was a gradual decline in the course of 

time. 

Flavone and 3-chlorobiphenyl- Flavone was used, not to increase the growth rate but to act 

an inducer of the 3-chlorobiphenyl degradation pathway. The culture inoculated with 3-

chlorobiphenyl supplemented with flavone, went down more rapidly when compared to 

the other variables.  

Flavone and biphenyl- flavone was used, not to increase the growth rate but to act an 

inducer of the biphenyl degradation pathway. The culture inoculated with biphenyl 

supplemented with flavone, also went down very rapidly when compared to the other 

variables. 

3.3.2 Escherichia coli DH5α 

Table 3.3.2.1 Optical density readings for Escherichia coli DH5α 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0618 0.0626 0.0574 0.0498 0.0341 0.0424 

1 0.0725 0.1414 0.0617 0.0420 0.0689 0.0308 

2 0.0553 0.0978 0.0515 0.0404 0.0727 0.0244 

3 0.0524 0.0841 0.0550 0.0372 0.0715 0.0253 

4 0.0536 0.0799 0.0541 0.0380 0.0716 0.0247 

5 0.0436 0.0616 0.0434 0.0286 0.0587 0.0261 
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Table 3.3.2.2 Standard deviation for Escherichia coli DH5α 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0004 0.0003 0.0002 0.0003 0.0006 

1 0.0005 0.0006 0.0002 0.0030 0.0003 0.0003 

2 0.0003 0.0009 0.0004 0.0003 0.0003 0.0005 

3 0.0003 0.0003 0.0009 0.0003 0.0002 0.0003 

4 0.0004 0.0002 0.0004 0.0004 0.0003 0.0004 

5 0.0005 0.0006 0.0005 0.0003 0.0004 0.0003 

 

Table 3.3.2.3: Confidence intervals for Escherichia coli DH5α 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0005 0.0003 0.0002 0.0004 0.0006 

1 0.0005 0.0006 0.0002 0.0034 0.0003 0.0003 

2 0.0004 0.0010 0.0004 0.0003 0.0003 0.0006 

3 0.0003 0.0003 0.0010 0.0003 0.0002 0.0003 

4 0.0005 0.0002 0.0004 0.0004 0.0003 0.0004 

5 0.0005 0.0006 0.0006 0.0004 0.0004 0.0004 
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Fig 3.3.2.1 Growth kinetics for Escherichia coli DH5α 

Biphenyl- Escherichia coli DH5α, when inoculated with biphenyl, showed steady results 

throughout the course of five days.  

Biphenyl and glucose- With the aid of glucose, however, the optical density was 

comparatively higher. An extra carbon source like glucose, spiked the optical density in a 

similar pattern like Corneybacterium. At first, the rates went up and then there was a 

gradual decrease due to the possible depletion of glucose. 

3-chlorobiphenyl- Escherichia coli DH5α, when inoculated with 3-chlorobiphenyl, 

showed steady results throughout the course of five days. 

3-chlorobiphenyl and glucose- With the aid of glucose, however, the optical density was 

higher compared to that of the other variables. From day zero to day one, there was a 

gradual increase, and finally, after day four the readings declined shortly. 
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Flavone and biphenyl- The additional supplement flavone, which is an inducer for the 

biphenyl degradation pathway however, did not strongly affect the optical density Within 

the timeframe of five days, the optical density for all the cultures went down. 

Flavone and 3-chlorobiphenyl- The additional supplement flavone, which is an inducer for 

the 3-chlorobiphenyl degradation pathway, however, did not strongly affect the optical 

density Within the timeframe of five days, the optical density for all the cultures went 

down. 

3.3.3 Pseudomonas pseudoalcaligenes HA03 

Table 3.3.3.1 Optical density readings for Pseudomonas pseudoalcaligenes HA03 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0233 0.0194 0.0165 0.0165 0.0673 0.0368 

1 0.0287 0.0679 0.0331 0.0286 0.1923 0.0375 

2 0.0242 0.0998 0.0315 0.0315 0.1729 0.0378 

3 0.0289 0.1421 0.0346 0.0346 0.1495 0.0464 

4 0.0321 0.1424 0.0361 0.0361 0.1690 0.0302 

5 0.0296 0.1037 0.0304 0.0304 0.1471 0.0305 

 

Table 3.3.3.2 Standard deviation for Pseudomonas pseudoalcaligenes HA03 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0002 0.0005 0.0003 0.0004 0.0003 0.0003 

1 0.0003 0.0002 0.0010 0.0005 0.0007 0.0004 

2 0.0004 0.0004 0.0003 0.0003 0.0005 0.0006 

3 0.0003 0.0006 0.0005 0.0038 0.0006 0.0013 

4 0.0003 0.0007 0.0005 0.0004 0.0020 0.0008 

5 0.0013 0.0004 0.0003 0.0004 0.0004 0.0007 
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Table 3.3.3.3 Confidence intervals for Pseudomonas pseudoalcaligenes HA03 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0002 0.0005 0.0003 0.0004 0.0003 0.0003 

1 0.0003 0.0002 0.0013 0.0005 0.0008 0.0005 

2 0.0005 0.0004 0.0003 0.0003 0.0005 0.0007 

3 0.0003 0.0007 0.0005 0.0043 0.0006 0.0014 

4 0.0003 0.0007 0.0005 0.0004 0.0023 0.0009 

5 0.0014 0.0005 0.0003 0.0004 0.0005 0.0008 

 

 

Fig 3.3.3.1 Growth kinetics for Pseudomonas pseudoalcaligenes HA03 

Biphenyl-In the case of Pseudomonas pseudoalcaligenes, when it was inoculated in carbon 

selected media with biphenyl, the optical density readings obtained from day zero to day 

five remained low but constant. 

Biphenyl and glucose- the optical density readings for the culture inoculated in carbon 

selected along with biphenyl and glucose showed higher optical density readings. From 
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day zero to day three there was a gradual rise in optical density. Until day four it remained 

constant, and then after day four, it started going down. 

3-chlorobiphenyl-when Pseudomonas pseudoalcaligenes was inoculated in carbon 

selected media along with 3-chlorobiphenyl only as the sole carbon source, the optical 

density readings were not very significant and had stayed constant for the time of five days.    

3-chlorobiphenyl and glucose- when Pseudomonas pseudoalcaligenes was inoculated with 

3-chlorobiphenyl supplemented with glucose as an additional carbon source in the carbon 

selected media, it was seen that the optical density readings strongly increased within the 

first day of inoculation. From day zero to day four, there was not a strong decline in the 

optical density readings with minor fluctuations  

Flavone and biphenyl- when Pseudomonas pseudoalcaligenes was supplemented with an 

inducer, flavone along with biphenyl, the optical density readings were not affected too 

drastically and they remained constant throughout five days.  

Flavone and 3-chlorobiphenyl- when Pseudomonas pseudoalcaligenes was supplemented 

with an inducer, flavone along with 3-chlorobiphenyl, a similar optical density reading 

pattern like that of flavone and biphenyl were observed. 
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3.3.4 Achromobacter species HA06 

Table 3.3.4.1 Optical density readings for Achromobacter species HA06 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.1317 0.0343 0.0297 0.0341 0.0291 0.0494 

1 0.0425 0.1246 0.0409 0.0215 0.0887 0.0307 

2 0.0294 0.1270 0.0356 0.0204 0.0790 0.0252 

3 0.0363 0.1145 0.0316 0.0183 0.0618 0.0216 

4 0.0360 0.1093 0.0370 0.0195 0.0629 0.0218 

5 0.0302 0.0917 0.0309 0.0152 0.0542 0.0691 

 

Table 3.3.4.2 Standard deviation readings for Achromobacter species HA06 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0006 0.0032 0.0003 0.0002 0.0003 0.0005 

1 0.0005 0.0005 0.0003 0.0003 0.0025 0.0025 

2 0.0005 0.0004 0.0047 0.0004 0.0003 0.0002 

3 0.0031 0.0005 0.0005 0.0002 0.0006 0.0002 

4 0.0036 0.0005 0.0002 0.0003 0.0003 0.0003 

5 0.0004 0.0031 0.0002 0.0003 0.0002 0.0003 

 

Table 3.3.4.3 Confidence intervals for Achromobacter species HA06 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0006 0.0036 0.0003 0.0002 0.0003 0.0006 

1 0.0006 0.0005 0.0003 0.0003 0.0028 0.0028 

2 0.0005 0.0005 0.0053 0.0004 0.0003 0.0002 

3 0.0035 0.0005 0.0006 0.0002 0.0006 0.0003 

4 0.0041 0.0005 0.0002 0.0003 0.0003 0.0004 

5 0.0005 0.0035 0.0002 0.0003 0.0002 0.0003 
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Fig 3.3.4.1 Growth kinetics for Achromobacter species HA06 

Biphenyl-When Achromobacter species HA06 was supplemented with only biphenyl 

acting as the sole carbon source; the optical density readings throughout the five days did 

not vary, it was quite constant. 

Biphenyl and glucose- When supplemented with glucose, the optical density levels were 

much higher in comparison to the other variables. This is due to the glucose acting as a 

strong carbon source.  

3-chlorobiphenyl- In case of 3-chlorobiphenyl, throughout the time frame of five days, the 

optical density did not undergo any significant changes. 

3-chlorobiphenyl and glucose- When supplemented with glucose, the optical density levels 

were much higher in comparison to the other variables. This is due to the glucose acting as 

a strong carbon source.  
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Flavone and biphenyl- when Achromobacter species HA06 was supplemented with 

biphenyl along with an inducer, flavone, the optical density throughout the time frame of 

five days remained low and constant. 

Flavone and 3-chlorobiphenyl- when Achromobacter species HA06 was supplemented 

with 3-chlorobiphenyl along with an inducer, flavone, the optical density readings followed 

a similar pattern like that of biphenyl supplemented with flavone. 

3.3.5 Enterobacter cloacae HA11 

Table 3.3.5.1 Optical density readings for Enterobacter cloacae HA11 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0290 0.0246 0.0721 0.0547 0.0676 0.0540 

1 0.0390 0.1277 0.0697 0.0434 0.0956 0.0477 

2 0.0286 0.1791 0.0599 0.0378 0.1019 0.0431 

3 0.0559 0.1584 0.0580 0.0336 0.1015 0.0393 

4 0.0557 0.1604 0.0524 0.0689 0.0996 0.0380 

5 0.0485 0.1067 0.0414 0.0422 0.0873 0.0360 

 

Table 3.3.5.2 Standard deviation for Enterobacter cloacae HA11 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0020 0.0004 0.0003 0.0003 0.0005 0.0005 

1 0.0012 0.0005 0.0003 0.0003 0.0007 0.0003 

2 0.0005 0.0003 0.0004 0.0005 0.0004 0.0009 

3 0.0004 0.0004 0.0020 0.0003 0.0003 0.0021 

4 0.0021 0.0005 0.0004 0.0005 0.0006 0.0004 

5 0.0004 0.0003 0.0004 0.0007 0.0007 0.0003 
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Table 3.3.5.3 Confidence intervals for Enterobacter cloacae HA11 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0023 0.0004 0.0003 0.0003 0.0005 0.0006 

1 0.0013 0.0005 0.0003 0.0003 0.0008 0.0003 

2 0.0006 0.0003 0.0004 0.0006 0.0004 0.0010 

3 0.0005 0.0005 0.0023 0.0003 0.0003 0.0024 

4 0.0024 0.0005 0.0005 0.0006 0.0006 0.0005 

5 0.0005 0.0003 0.0005 0.0008 0.0008 0.0005 

 

 

 

Fig 3.3.5.1 Growth kinetics for Enterobacter cloacae HA11 

Biphenyl-When Enterobacter cloacae HA11 was inoculated in carbon selected media with 

the sole carbon source as biphenyl, the optical density fluctuated briefly throughout five 

days. 
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Biphenyl and glucose-When biphenyl was supplemented with glucose in the inoculum; the 

optical density readings drastically changed due to the presence of glucose acting as a 

strong carbon source throughout the time frame. 

3-chlorobiphenyl- A similar pattern in the optical density readings like that of Enterobacter 

cloacae HA11 supplemented with biphenyl as the sole carbon source, was also observed 

when 3-chlorobiphenyl was used instead of biphenyl.  

3-chlorobiphenyl and glucose-When 3-chlorobiphenyl was supplemented with glucose in 

the inoculum; the optical density readings drastically changed due to the presence of 

glucose acting as a strong carbon source throughout the time frame.  

Flavone and biphenyl-The addition of flavones to biphenyl did not, however, change the 

optical density pattern. Throughout five days, the optical density readings remained low 

and constant. There was a slight decrease when in comparison to the readings taken on day 

zero. 

Flavone and 3-chlorobiphenyl- from day zero to day three optical density readings 

gradually declined at a very slow rate, but from day three to day four the readings went up 

and then from day four to five the readings went down, but they were still comparatively 

higher than the first three days. 

 

 

 

 



40 
 

3.3.6 Pseudomonas aeruginosa HA12 

Table 3.3.6.1 Optical density readings for Pseudomonas aeruginosa HA12 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0380 0.0385 0.0437 0.0435 0.0407 0.0413 

1 0.0318 0.0767 0.0356 0.0305 0.0430 0.0307 

2 0.0260 0.0563 0.0328 0.0253 0.0679 0.0270 

3 0.0274 0.0931 0.0300 0.0227 0.0737 0.0261 

4 0.0325 0.0944 0.0312 0.0209 0.0971 0.0227 

5 0.0271 0.0594 0.0263 0.0170 0.1060 0.0214 

 

Table 3.3.6.2 Standard deviation for Pseudomonas aeruginosa HA12 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0003 0.0003 0.0005 0.0005 0.0006 

1 0.0002 0.0006 0.0005 0.0005 0.0005 0.0005 

2 0.0005 0.0029 0.0003 0.0004 0.0004 0.0005 

3 0.0004 0.0007 0.0006 0.0004 0.0007 0.0007 

4 0.0003 0.0004 0.0004 0.0003 0.0004 0.0004 

5 0.0004 0.0004 0.0004 0.0004 0.0006 0.0006 

 

Table 3.3.6.3 Confidence intervals for pseudomonas aeruginosa HA12 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0004 0.0003 0.0006 0.0006 0.0006 

1 0.0002 0.0007 0.0006 0.0005 0.0006 0.0006 

2 0.0006 0.0033 0.0003 0.0004 0.0004 0.0006 

3 0.0005 0.0008 0.0006 0.0004 0.0008 0.0008 

4 0.0003 0.0005 0.0004 0.0004 0.0005 0.0005 

5 0.0004 0.0005 0.0005 0.0004 0.0006 0.0006 
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Fig 3.3.6.1 Growth kinetics for Pseudomonas aeruginosa HA12 

Biphenyl- When Pseudomonas aeruginosa HA12 was inoculated in carbon selected media 

with biphenyl acting as the only carbon source, the optical density readings were very low 

throughout the five days. 

Biphenyl and glucose- When supplemented with glucose, the optical density readings 

remained much higher. From day zero to day one there was a gradual increase, from day 

one to day two the optical density readings decreased. From day two to day three the 

readings increased, from day three to day four, the readings were constant. From day four 

to day five the readings went down. This is due to the growth of the cells in the presence 

of glucose. 

3-chlorobiphenyl- when Pseudomonas aeruginosa HA12 was inoculated in carbon 

selected media with 3-chlorobiphenyl acting as the only carbon source, the optical density 

readings were very low throughout the five days. 
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3-chlorobiphenyl and glucose- when supplemented with glucose, the optical density 

readings gradually increased from day zero to day five. 

Flavone and biphenyl- the optical density readings remained low for five days. 

Flavone and 3-chlorobiphenyl- the optical density readings were comparable to that of 

flavone and biphenyl. 

 3.3.7 Achromobacter species HA20  

Table 3.3.7.1 Optical density readings for Achromobacter species HA20 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0766 0.0670 0.0625 0.0345 0.0438 0.0477 

1 0.0766 0.1433 0.0741 0.0369 0.1066 0.0315 

2 0.0645 0.1501 0.0662 0.0332 0.1312 0.0342 

3 0.0597 0.1924 0.0683 0.0344 0.1384 0.0309 

4 0.0694 0.1380 0.0674 0.0305 0.1647 0.0350 

5 0.0536 0.1698 0.0569 0.0252 0.1671 0.0255 

 

Table 3.3.7.2 Standard deviation for Achromobacter species HA20 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0007 0.0005 0.0005 0.0004 0.0002 0.0003 

1 0.0005 0.0006 0.0003 0.0006 0.0004 0.0004 

2 0.0005 0.0005 0.0005 0.0004 0.0004 0.0013 

3 0.0006 0.0005 0.0002 0.0007 0.0004 0.0002 

4 0.0002 0.1024 0.0003 0.0004 0.0003 0.0040 

5 0.0008 0.0004 0.0005 0.0003 0.0010 0.0004 
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Table 3.3.7.3 Confidence intervals for Achromobacter species HA20 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0008 0.0005 0.0005 0.0005 0.0002 0.0003 

1 0.0005 0.0006 0.0003 0.0006 0.0005 0.0005 

2 0.0005 0.0005 0.0005 0.0004 0.0004 0.0015 

3 0.0006 0.0005 0.0002 0.0007 0.0005 0.0002 

4 0.0003 0.1159 0.1159 0.0004 0.0003 0.0045 

5 0.0009 0.0004 0.0004 0.0003 0.0012 0.0005 

 

 

Fig 3.3.7.1 Growth kinetics for Achromobacter species HA20 

Biphenyl- When Achromobacter species HA20 was inoculated in carbon selected media 

with biphenyl acting as a sole carbon source only, the optical density readings were not too 

high during the time frame of five days. 

 Biphenyl and glucose- when Achromobacter species HA20 was inoculated in carbon 

selected media along with glucose as an additional carbon source, the optical density 
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readings gradually increased till day four, from day four to day five there was a slight 

decrease. 

3-chlorobiphenyl- The same pattern observed when biphenyl acted as the sole carbon 

source, applied for 3-chlorobiphenyl. Throughout five days, the readings remained fairly 

low and constant. 

3-chlorobiphenyl and glucose- when an additional glucose was added to the inoculum that 

had been inoculated with 3-chlorobiphenyl, the optical density readings were much higher. 

From day 0 to day 5 the optical density readings had gradually increased.  

Flavone and biphenyl- On the other hand, when supplemented with flavones and biphenyl, 

the optical density readings comparable low and constant throughout five days. 

Flavone and 3-chlorobiphenyl- when supplemented with flavones and 3-chlorobiphenyl, 

the optical density readings were comparable to that of flavone and 3-chlorobiphenyl. They 

were low and constant for the timeframe of five days.    

3.3.8 Pseudomonas nitroreducens DF05 

Table 3.3.8.1 Optical density readings for Pseudomonas nitroreducens DF05 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0666 0.0846 0.0768 0.0479 0.0616 0.0467 

1 0.0463 0.1153 0.0483 0.0342 0.1445 00340 

2 0.0383 0.1009 0.0440 0.0305 0.1327 0.0338 

3 0.0387 0.0822 0.0464 0.0270 0.1069 0.0331 

4 0.0449 0.0910 0.0410 0.0260 0.1189 0.0325 

5 0.0375 0.0887 0.0352 0.0250 0.1263 0.0313 
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Table 3.3.8.2 Standard deviation for Pseudomonas nitroreducens DF05 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0008 0.0005 0.0009 0.0004 0.0021 

1 0.0004 0.0007 0.0007 0.0003 0.0006 0.0030 

2 0.0005 0.0005 0.0026 0.0006 0.0004 0.0004 

3 0.0007 0.0003 0.0006 0.0005 0.0006 0.0009 

4 0.0013 0.0003 0.0005 0.0005 0.0008 0.0006 

5 0.0004 0.0025 0.0004 0.0004 0.0007 0.0004 

 

Table 3.3.8.3 Confidence intervals for Pseudomonas nitroreducens DF05 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0004 0.0009 0.0006 0.0010 0.0005 0.0024 

1 0.0004 0.0008 0.0008 0.0003 0.0006 0.0034 

2 0.0006 0.0005 0.0030 0.0006 0.0004 0.0004 

3 0.0008 0.0003 0.0006 0.0005 0.0006 0.0010 

4 0.0014 0.0003 0.0006 0.0005 0.0009 0.0006 

5 0.0005 0.0028 0.0004 0.0005 0.0008 0.0005 

 

 

Fig 3.3.8.1 Growth kinetics for DF05 (Pseudomonas nitroreducens) 
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Biphenyl- when Pseudomonas nitroreducens DF05 was inoculated in carbon selected 

media with biphenyl acting as the sole carbon source, the optical density readings remained 

low and constant with minor fluctuations in readings throughout the timeframe of five days.  

Biphenyl and glucose- when Pseudomonas nitroreducens DF05 was inoculated in carbon 

selected media with biphenyl and glucose acting as an additional supplement, the optical 

density readings were comparatively higher. From day zero to day one there was a slight 

increase, from day one to day three, there was a gradual decrease, from day three to day 

four, there was a slight increase, from day four to day five, it was constant.  

3-chlorobiphenyl- when Pseudomonas nitroreducens DF05, was inoculated in carbon 

selected media with 3-chlorobiphenyl acting as the sole carbon source, the optical density 

readings remained low and constant with minor fluctuations in readings throughout the 

timeframe of five days.  

3-chlorobiphenyl and glucose- when DF05, was inoculated in carbon selected media with 

3-chlorobiphenyl and glucose acting as an additional supplement, the optical density 

readings were comparatively higher. It followed a very similar pattern to that of biphenyl, 

from day zero to day one there was a gradual increase, from day one to day three, there 

was a gradual decrease, from day three to day five, there was a gradual increase. 

Flavone and biphenyl- when DF05 was supplemented with both flavone and biphenyl, the 

optical density readings were comparatively lower than the other variables. They were low 

and constant, both. 
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Flavone and 3-chlorobiphenyl- when DF05 was supplemented with both flavone and 3-

chlorobiphenyl, the optical density readings were comparatively lower than the other 

variables. They were low and constant, both. 

3.3.9 Comamonas species DF09 

Table 3.3.9.1 Optical density readings for Comamonas species DF09 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0824 0.1444 0.1092 0.0760 0.1206 0.0662 

1 0.0468 0.1293 0.0596 0.0496 0.1457 0.0486 

2 0.0401 0.0981 0.0539 0.0365 0.0955 0.0405 

3 0.0429 0.1197 0.0553 0.0290 0.0763 0.0335 

4 0.0430 0.1249 0.0490 0.0305 0.0834 0.0330 

5 0.0370 0.1352 0.0442 0.0244 0.0681 0.0286 

 

Table 3.3.9.2 Standard deviation for Comamonas species DF09 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0006 0.0004 0.0004 0.0036 0.0004 0.0016 

1 0.0003 0.0003 0.0003 0.0006 0.0035 0.0004 

2 0.0009 0.0006 0.0007 0.0008 0.0006 0.0005 

3 0.0016 0.0006 0.0005 0.0005 0.0061 0.0004 

4 0.0044 0.0007 0.0006 0.0005 0.0005 0.0020 

5 0.0012 0.0004 0.0007 0.0004 0.0005 0.0005 
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Table 3.3.9.3 Confidence intervals for Comamonas species DF09 

Day Biphenyl Biphenyl 
and 

glucose 

3-
chlorobiphenyl 

3-
chlorobiphenyl 

and flavone 

3-
chlorobiphenyl 

and glucose 

Biphenyl 
and 

glucose 

0 0.0007 0.0004 0.0041 0.0041 0.0004 0.0018 

1 0.0004 0.0004 0.0003 0.0007 0.0040 0.0005 

2 0.0010 0.0006 0.0007 0.0009 0.0007 0.0006 

3 0.0018 0.0007 0.0007 0.0006 0.0069 0.0004 

4 0.0049 0.0007 0.0006 0.0006 0.0006 0.0023 

5 0.0013 0.0004 0.0008 0.0005 0.0005 0.0006 

 

 

 

 

Fig 3.3.9.1 Growth kinetics for Comamonas species DF09 

Biphenyl- when Comamonas species DF09, which is another laboratory sample was 

inoculated in carbon selected media with biphenyl being the only carbon source, the optical 

density readings, was low and constant for the timeframe of five days. 
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Biphenyl and glucose- when Comamonas species DF09, was inoculated in carbon selected 

media along with both biphenyl and glucose, the optical density readings were much 

higher, from day zero to day two. However, the readings went down. From day two to day 

four, the readings went up and then there was a steep decline in the optical density readings 

from day four to day five. 

3-chlorobiphenyl- when Comamonas species DF09 was inoculated in carbon selected 

media with 3-chlorobiphenyl being the only carbon source, the optical density readings, 

were low and constant for the time frame of five days. From day zero to day one, there was 

a steep fall in the optical density readings, from day one to day five, the readings were 

constant and low. 

3-chlorobiphenyl and glucose- when Comamonas species DF09 was inoculated in carbon 

selected media along with both 3-chlorobiphenyl and glucose, the optical density readings 

were high, from day zero to day one, the optical density readings went up. From day one 

onwards the readings gradually declined with minor fluctuations until day five. 

Flavone and biphenyl- when Comamonas species DF09 was inoculated in carbon selected 

media along with both flavone and biphenyl, the optical density readings were comparably 

low and constant throughout five days. 

Flavone and 3-chlorobiphenyl- when Comamonas species DF09 was inoculated in carbon 

selected media along with both flavone and 3-chlorobiphenyl, the optical density readings 

were comparably low and constant throughout five days. 
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3.4 GCMS analysis 

Gas Chromatography mass spectrophotometry was carried out on the samples, 

Rhodococcus globerulus (formerly known as Corneybacterium species MB1) which is the 

positive control, Escherichia Coli DH5α which is the negative control, Pseudomonas 

pseudoalcaligenes HA03, Pseudomonas nitroreducens DF05, and Comamonas species 

DF09. The only positive marker identified from this experiment was from that the positive 

control’s supernatant. The positive marker was benzoic acid, which was formed right after 

24 hours of incubation. This was formed after 3.41 minutes into the procedure. According 

to the list of enzymes involved in the RAST, it suggests that the enzyme responsible for 

producing the intermediate benzoic acid was BphD. However, when looked into the 

pathway for biphenyl degradation, it is seen that Rhodococcus globerulus does not contain 

the pathway. Instead, it was suggested that the final intermediate produced by it would be 

2,3-dihydroxybiphenyl. However, benzoic acid is a canonical intermediate found in 

aerobic microorganisms [22]. The strains Pseudomonas pseudoalcaligenes HA03, 

Pseudomonas nitroreducens DF05, and Comamonas species, DF09, however, failed to any 

kind of similar results. 
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Fig 3.4.1 Peaks obtained for the positive marker, Rhodococcus globerulus (formerly 

known as Corneybacterium MB1) 

 

Fig 3.4.2 Benzoic acid obtained in Rhodococcus globerulus (formerly known as 

Corneybacterium MB1) 

 

Fig 3.4.3 Chromatogram for benzoic acid. 
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According to the chromatogram, the base peak was 179/10000. However, the molecular 

weight of benzoic acid is 194. It shows that the benzoic acid was trimethylsilylated with a 

TMS derivative. A hydrogen group was substituted with a trimethylsilyl group.   

4. Conclusion 

Whole genome analysis indicated that the positive control strain, Rhodococcus globerulus 

as well as Pseudomonas pseudoalcaligenes, harbored BphA, BphB, and BphC genes 

suggesting that the final intermediate produced by both organisms would be 2-hydroxy-6-

oxo-6-phenylhexa-2,4-dienoate. Pseudomonas nitroreducens DF05, which had only gene, 

BphA should produce the netabolic intermediate Cis-2,3-dihydro-2,3-dihydroxybiphenyl. 

According to the KEGG map, Comamonas sp. DF09 does not have a biphenyl degradation 

pathway but RAST did suggest that DF09 had several non-specific enzymes that could 

possibly contribute to the production of intermediates within the biphenyl degrading 

pathway. When these strains were grown on biphenyl or 3-chlorobiphenyl as the sole 

carbon source or were supplemented with a potential inducer of biphenyl degradation, 

flavone, cell density for all strains remained constant throughout the duration of the 

experiment. When biphenyl or 3-chlorobiphenyl was supplemented with glucose, there was 

a significant spike in growth rate observed. Taken together, these results strongly suggest 

that biphenyl and its derivatives could not be used as a sole carbon source for growth. Gas 

chromatography mass spectrophotometry analysis detected the presence of benzoic acid in 

the supernatant following inoculation with the positive control Rhodococcus globerulus 

after 24 hours of incubation. This supports the the designation of Rhodococcus globerulus 

as biphenyl degrading microorganism. However, results for the three remaining study 

samples, Pseudomonas pseudoalcaligenes HA03, Pseudomonas nitroreducens DF05, and 



53 
 

Comomonas species, DF09 all did not show any of the expected metabolites. As such, 

while bioinformatics analysis suggested that strain Pseudomonas pseudoalcaligenes HA03 

was closely genetically related to Pseudomonas pseudoalcaligenes KF707, a known 

biphenyl degrader, strain HA03 is not able to readily degrade biphenyl or its derivatives. 

Similarly, activity in DF05 which had shown the presence of one putative biphenyl 

degradation gene and DF09, which harbored several non-specific aromatic dioxygenase 

enzymes, is also minimal. It is possible that the genes identified in these study strains were 

not expressed at a high level or indeed may simply have low substrate specificity. Future 

experiments experiment could seek to answer this question by cloning each gene into an 

expression vector and transforming the construct into Escherichia coli to determine if the 

issue was the result of low expression or other factors. In addition, when the experiment 

was initially conducted the concentration of biphenyl and its polychlorinated derivatives 

was 0.1mg/ml. It is unknown whether or not this concentration had a deleterious effect on 

the growing bacterial strains. Future studies should include on greater range of starting 

biphenyl concentration to address the concentration. Lastly the cell pellet prior to GCMS 

analysis should be significantly increased to ensure that enough enzyme is produced to 

initiate degradation.  
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