Discussion
Maybe should go in Results?

Bacteria of the Comamonas genus are straight or slightly curved rods. They have a tuft of polar flagella, suggesting motility. They are Gram negative, aerobic, non-fermentative, and chemoorganotrophic. They show good growth on media containing organic acids, amino acids, or peptone (Holt, et al, 1994). Bacteria of the Pseudomonas genus are also straight or slightly curved rods and are non-helical. Most have motility, which occurs due to one or several polar flagella. They are Gram negative, aerobic, non-fermentative, and chemoorganotrophic. They are widely distributed in nature (Holt, et al, 1994). Bacteria of the Rhodococcus genus are mostly rod shaped. They are non-motile. They are Gram positive and aerobic. They are also widely distributed in the environment, but are particularly abundant in soil and herbivore dung (Holt, et al, 1994). Bacteria of the Sphingomonas genus are straight rods. Nonsporeforming. Have no flagella but some species exihibit gliding motility on semisolid media. Gram negative, Chemoorganotrophic, aerobe (Holt, et al, 1994). Bacteria of the genus Variovorax are straight to slightly curved rods that occur either singly or in pairs. Motility  via degenerate peritrichous flagella. Gram negative, aerobic and chemoorganotrophic (Holt, et al, 1994).

Pseudomonas: The further behavior of cells depends on several factors.

First of all, as pseudomonads are aerobes and oxygen

serves as an attractant for them, they can experience

the so-called aerotaxis effect (Zavalskii, 2003).

Don’t need to rephrase:

Should include basic info (ex gram –ve, proteobacteria, habitat)

Bacteria of the genus

Pseudomonas belong to the gamma
subclass of the Proteobacteria and are chemo-organotrophic

aerobic, Gram-negative rods with polar flagella

and a respiratory rather than a fermentative metabolism

(Palleroni, 1984). Some species are capable of denitrification

and can use nitrate as an electron acceptor for the

generation of energy. They are ubiquitous saprophytic

bacteria found in most temperate, aerobic and semiaerobic

soil and water habitats, have simple nutritional

requirements and grow rapidly on standard laboratory

media (and therefore tend to overgrow other microorganisms

that might be present in a sample) (Timmis 2002).
Pseudomonas putida cells have about six flagella, located at one end to form a tuft, that serve to propel the bacterium (Harwood, 1989).  When flagellar rotation is counterclockwise, the flagella form a bundle to push the bacterium forward causing smooth unidirectional swimming, commonly known as a “run”, typically lasting about 1 to 2 seconds. When rotation is clockwise, the flagella fly apart and pull in opposing directions, causing the bacterium to abruptly change direction in less than a second (20-30ms) (Harwood, 1989). Since P.putida’s flagella are polarly inserted in a lophotrichous fashion, changes in direction only involve reorientation of the cell body and are not accompanied by the tumbling motion typical of peritrichously flagellated bacteria such as Escherichia col. Sometimes, instead of abruptly changing the direction of forward swimming, the bacterium can alternatively swim backwards for a short distance before resuming swimming smoothly in a forward direction (Harwood, 1989). 

The bacteria alternately run and tumble in the absence of stimuli. When an attractant is encountered, running is prolonged and changing swimming direction is less frequent, which causes the bacteria to have net movement towards the attractant. When a repellent is encountered, the bacteria change direction more frequently, which prevents them from swimming into repellent. Adaptation to the attractant or repellent returns the bacteria to pre-stimulus behavior within minutes despite the continued presence of attractant but can be stimulated again by further addition of a higher concentration of attractant (Harwood, 1989).

Even though Pseudomonas putida is chemotactic to a range of organic compounds, including several aromatic compounds which are not attractants, and sometimes even chemorepellants, to certain other bacteria (Harwood, 1984) the basic chemotaxis machinery of P.putida is similar to that of other bacterial species, Ditty et al. (1998) had found 9 homologues of chemotaxis, flagellar and motility genes, from a 13-kb region found in Pseudomonas putida strain PRS200.
Final Discussion:

Part 1: discuss results: the revelvance of motility, the fact that chemotaxis to VAN, FER and PCA, CAT (of mentioning that in the intro a bit as well) weren’t studied in P.putida or any pseudomonas. Compare the swarming tendency of 106 (define swarming) with nicer ring forms of 108. Possible future experiment to actually measure if chemotaxis enhances biorememdiation would also be to compare efficiency of swarming (less energy used for swimming) to that of chemotaxis (more energy used for swimming but also aquires more energy source because its more accurate). Compare the structurally complexity of the compounds with the time it takes for the chemotactic response/degradation to occur.

Swarming behaviour was observed on plates grown 106 and 107. Swarming is defined as an organized surface translocation that depends on extensive flagellation and cell–cell contact and the behaviour has been shown by a large number of flagellated eubacteria when propagated on the surface of certain solid media (Burkhart, 1998).  Studies in a number of different organisms have established that components of the chemotaxis system play a key role in these organisms in transducing ‘‘swarm’’ signals to produce specific changes in gene expression inducing the hyperflagellation response  resulting in swarmer cell differentiation. Swarmer cells are generally longer and more flagellated than swimmer cells (cells of the same species propagated in liquid media) and move within a milieu of extracellular ‘‘slime’’ surrounding the colony. Burkhart (1998) found that  E.coli chemoreceptors signal through the chemotaxis pathway and induce swarmer cell differentiation in response to signals other than their known chemoeffectors. Though swarming uses the same two-component signal transduction system as chemotaxis, it is not chemotaxis (Burkhart, 1998). 

Part 2: talk about pcaK and future research into similar homologues in 108, 106. also discuss 108 and 106 relatedness via 16S homology and VAN gene homology. Special mention to VanK (see Nichols 1997, D’argenio 1999).

Part 3: talk about the catabolic plasmid in BR6020 and possible future research into whether the plasmid contains its on chemotactic genes. Look at Parales 2002 hardcopy which mentions naphthalene catabolic plasmid, as well as fortuitious chemotaxis towards chlorobenzoates by PRS200.

Interestingly, the TOL plasmid (for toluene/toluate degradation) and

plasmid pAC27 (for chlorobenzoate degradation) do not themselves appear to

encode chemotaxis functions (51, 53).

Part 4: talk more about biorememdiation and its applications (try to find some examples).

Future research:

Part 5: talk about confirming the presence of meta-pathway plasmid in 108, 106 (with regards to m-tol and o-aba).

Part 6: describe all of the bacteria (look at zoe’s report introduction). Actually there is a lot of good stuff from zoe’s report. Use it all.

Part 8: do more tests to determine if 108 is P.putida.

Part 9: do a follow up on current research.

Part 10: Miguel has a 3N02 degrading bacteria Comamonas sp. JS46 … of course motility of the strain must first be determined.

Part 11: Phytoremediation … using rhizoshperes in biorememdiation (Ortega-calvo, 2003 hardcopy).

If nothing else this paper demonstrates the importance of determining the motility of the isolates, for if they are unable to move by themselves they would definitately not be able to chemotax through the swarm agar. A non-motile (and since so much work had already been done with BR6020, that was immotile, I knew what –ve chemotaxis results would look like) isolate was chosen to be the control negative control organism because, since BR6020 was non-motile, it should not be able to chemotax. The other motile isolates (106, 107 and 108) were chosen to be further tested because they would be the only organisms having the potential to chemotax. 

The cell ring grown on the swarm agar seem to be concentrating 1mm from the surface of the agar. “The behavior of cells depends on several factors. First of all, as pseudomonads are aerobes and oxygen serves as an attractant for them, they can experience the so-called aerotaxis effect (Zavalskii, 2003).”

Part 11: what is that brown pigment on m-tol?
On m-toluate agar plates, a brown diffuse area develops in the vicinity of mutant cells (Williams 1974). Also mention Providenti 2002.
Brown pigment production was observed in strains 106 and 108. strains 106 and 107 were also observed to creating pits of liquefied agar when grown on LB. Strains 106 and 107 also displayed a type of mucoidal growth. It is hypothesized that this is a stress response inherent to the strains (swarming).

The literature indicates three possible molecular mechanisms, known to occur in bacteria, for the behavioural response of chemotaxis in P.putida 106, 107 and pseudomonas sp. 108 (Alexandre 2001, Pandey 2002).
The first mechanism is independent of metabolism of the chemoeffector molecule therefore, thus a chemotactic response can be elicited non-metabolizable structural analogues of the substrate (Pandey 2002). Metabolism-independent chemotaxis utilizes the transmembrane chemoreceptor signal transduction system described above (Alexandre 2001, Pandey 2002, Parales 2002). Previous studies have shown that metabolism of aromatic acids in Pseudomonas putida strain PRS2000, and other Pseudomonas strains, is not required for chemotaxis (Pandey 2002, Parales 2002, Harwood 1984, Harwood 1990, Harwood 1984 TOL, in fact add all the putida studies). PRS2000 degrades benzoate and 4-hydroxybenzoate by using the β-ketoadipate pathway (Harwood 1996). The chemotactic response to benzoate, 4-hydroxybenzoate, toluates, nitrobenzoates, aminobenzoates and chlorobenzoates etc. is induced when PRS2000 is grown with benzoate or 4-hydroxybenzoate (Harwood 1984, Harwood 1990, Harwood 1984 TOL). 
From previous studies, it would seem that the same benzoate-chemotaxis system mechanism may be operative in strain 108 detecting and allowing chemotaxis towards Ferulate, Vanillate and etc, though because the organism can metabolize these compounds future research using an alternate assay is needed to further investigate the inducibility of the chemotactic response.
The mode of protocatechuate cleavage, whether ortho or meta, has also not been determined. It is therefore difficult to conclude whether the chemotaxis system for the detection of these aromatic compounds in Pseudomonas strain 106, 107 and 108 is similar to that of PRS2000 described previously.

Sources: Shingler 2003, 
The second mechanism of chemotaxis couples the generation of the signal for chemotaxis along with the transport of the chemoeffector molecule into the cell (Alexandre 2001). Active transport, though non-essential at higher concentrations of aromatic compounds, which can enter the cells by passive diffusion, increases the efficiency and rate of substrate acquisition when these compounds are found in low concentration environments such as soil (Harwood 1997).For example, in Pseudomonas putida PRS2000, the chemotactic response towards benzoate para-hydroxybenzoate is mediated by PcaK (Harwood 1994); a dual function permase/chemorecepter that is a member of the major facilitator superfamily (Pao 1998) of transport proteins, and is also responsible for transport of para-hydroxybenzoate, benzoate and protocatechuate (Harwood 1997 all pcak related articles). The pcaK gene is located near other benzoate and/or para-hydroxybenzoate degradation genes, which are all coordinately regulated by β-ketoadipate (Ditty 1999, Ditty 2002, Harwood 1994, Harwood 1997). The ortho-pathway intermediate induces the chemotactic response to substituted benzoates as well as several of the structural genes for the degradation of these compounds under the control of the PcaR activator protein, which is required for the induction of pcaK (Harwood 1994, Guo 1999, Harwood 1990, Harwood 1984, Nichols 1995, Parales 1993, Romero-steiner 1994). Another example of this is found with TfdK, a plasmid encoded permease that is closely related to PcaK (Parales 2002). TfdK allows Ralstonia eutropha JMP123 to take up the herbicide 2,4-dichlorophenoxyacetate (2,4- D), and is also required for chemotaxis (Hawkins 2002). These proteins, though necessary for transport, have no impact on the metabolism of the substrates they transport (Hawkins 2002, Harwood 1994). The actual mechanics behind how PcaK and TfdK play a role in chemotaxis is still not fully understood, other than that transport through these permeases could be generating a conformational signal that is received by MCPs or other proteins involved in the signal-transduction cascade for chemotaxis (Shingler 2003). Transporters of other aromatic compounds could also play a significant role for signal-specific detection and transduction eliciting chemotaxis to aromatic compounds, though no direct evidence has been shown for it yet (Shingler 2003). VanK, BenK, PhhT and other putative homologues of PcaK have been found in motile P. putida KT2440 (Nelson et al., 2002); an organism which encodes for the degradation of a wide range of aromatic compounds (Jimenez et al., 2002). The protein VanK, which its gene (vanK) neighbors vanAB genes (Segura 199), is responsible for protocatechuate transportation and similarly to PcaK, its functionality is not required for the metabolism of vanillate (D’Argenio 1999), could possibly play a role in chemotaxis in strains 106, 107 and 108. The first thing to determine is if there is a vanK gene present in strains 106, 107 and 108. The next thing would be to induce a mutation preventing transcription of vanK, and once the required mutation has been selected, a microplate capillary assay can be utilized to test out whether there is an effect on chemotaxis to any of the compounds.
The third molecular mechanism known for chemotaxis requires the metabolism of the chemoeffector molecule a receptor that senses the subsequent changes in cellular energy levels (Alexander 2001,Pandey and Jain 2002, Parales 2002). The signal for this tactic response originates within the electron transport chain where the change in energy levels is detected by a signal transduction system (Alexandre 2001). Metabolism-dependent chemotaxis shares signaling pathways with other behavioural responses that monitor the cellular energy levels of the organism. These responses are collectively known as energy taxis and also include aerotaxis and phototaxis (Pandey and Jain 2002) As long as the bacterium contains a receptor sensing the cellular energy level change, metabolizable substrates can stimulate a chemotactic response (Pandey and Jain, 2002). 
The metabolism of Van etc may be partially responsible for chemotactic response in strain 106, 198; however, whether this can generate a detectable change in energy flux of the cell needed for metabolism-dependent chemotaxis is yet to be ascertained.

Genes for the metabolism of the aromatic compounds p-hydroxybenzoate, and benzoate, are chromosomally encoded in P. putida ( Ornston 1966, Harwood 96) while other aromatic acids, toluates and dihydroxybenzoates are degraded with enzymes that are encoded by genes carried on catabolic plasmids (Harwood 1984 TOL).PHB is degraded to PCA, while BENZ is degraded to CAT. Most Pseudomonads carry both the catechol and protocatechuate branches of the β-ketoadipate pathway (Harwood 1996), and the chemotactic responses of 108 and 106 are most likely due to the formation of β-ketoadipate from either catechol or protocatechuate ortho ring cleavage. In strains 106 and 108, the chemotactic response to substituted benzoates may be mediated by a PcaK-like protein as in PRS2000 (Harwood 1994), but such a protein has not yet been identified in these strains.
Not only can chemotaxis increase an organism’s chances of locating useful sources of carbon and energy thus providing an additional growth and survival advantage to bacteria, it may even contribute to the dissemination of aromatic catabolic pathways, many of which are encoded by transmissible plasmids (Williams 1974, Harwood 1984 TOL, Parales and Harwood 2002). Another benefit of chemotaxis is fortuitous chemoattraction, in which an inducible chemotactic response to compounds that are not growth substrates for a particular strain of bacteria, could in fact facilitate the transfer of self-transmissible catabolic plasmids from strains that do when the chemotactic organism, when following a gradient, will bring itself in close proximity with them (Harwood 1984).

As mentioned by Harwood et al. (1984 TOL), the β-ketoadipate inducible aromatic acid chemotaxis system in Pseudomonads is likely to be induced most of the time during the life cycle of the bacterial cells in a soil environment due to the abundance of plant-derived aromatic compounds in soils that are degraded through the β-ketoadipate pathway (Parke 2000). The β-ketoadipate inducible aromatic acid chemotaxis system has an additional advantage of having a broad specificity, since an existing chemotaxis system, apparently used for benzoate and 4-hydroxybenzoate chemotaxis in PRS2000, functions to detect the useful carbon source 4-nitrobenzoate (Parales 2004). 

Even though I did address some of the following, its better to be safe

In this study, we did not touch the important problem

of signalling pathways in the chemotactic response

of pseudomonads to naphthalene, which may involve

(1) the general system of the reversible methylation of

transmembrane proteins responsible for the chemotaxis

of cells to amino acids and sugars, (2) the enzyme II of

the phosphotransferase system, (3) the protein complex

of the flagellar motor, and (4) the protonmotive force

generated by membranes [1]. Furthermore, the possibility

cannot be excluded that the chemotactic response

of cells to naphthalene is mediated by its intermediates

or membrane lipoproteins (Zavalskii, 2003).
