 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. Which Pseudomonads swarm? 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.
A large number of flagellated eubacteria show a behavior known as ‘‘swarming’’ when propagated on the surface of certain solid media (1). Swarming is defined as an organized surface translocation that depends on extensive flagellation and cell–cell contact (2). 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. In some organisms, the swarmer cell state may be associated with pathogenesis (3). Swarming therefore offers a unique opportunity for studying signal transduction mechanisms that operate in bacterial populations growing in close proximity. Studies in a number of different organisms have established that components of the chemotaxis system play a critical role during swarming (4–7). Although the role of these components during swimming in liquid media has been extensively studied in Escherichia coli and in Salmonella typhimurium (8), their role in swarming is not known. In E. coli and S. typhimurium, defects in all known che genes abolish swarming completely; these mutants are primarily defective in induction of the hyperflagellation response (7). Chemotaxis defects in Serratia marcescens also affect swarmer cell differentiation (unpublished data). Thus, components of the chemotaxis system play a key role in these organisms in transducing ‘‘swarm’’ signals to produce specific changes in gene expression, a function not as yet ascribed to them during the swimming response. Besides understanding this new role for the chemotaxis components, a basic unanswered question is whether chemotaxis, the process by which cells move toward higher concentrations of attractant or away from higher concentrations of repellent in liquid media, is essential for outward migration of a swarmer colony. A brief overview of the known aspects of signaling through the chemotaxis pathway during swimming in liquid media is presented below (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 Harwood 1997).
However,

it may involve conformational signalling to a

membrane-associated or intracellular MCP or other proteins

that signal to the basal chemotactic machinery.

Although no direct evidence exists, the implication from

these few studies is that transporters of aromatic compounds

may play an important role for signal-specific

detection and transduction in order to direct bacteria

towards aromatic compounds. In this respect, it is pertinent

to note that motile P. putida KT2440, which encodes

the potential to degrade a large range of aromatic compounds

(Jimenez et al., 2002), likewise has multiple putative

homologues of PcaK (Nelson et al., 2002).
Shingler 2003

Harwood 97 Although aromatic compounds can enter the cells by passive

diffusion when present at high concentrations, active

transport increases the efficiency and rate of substrate

acquisition in natural environments where these compounds

are present at low concentrations (Nichols and

Harwood, 1997).
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.
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).

Part 7: is B-Ketoadipate a gratuitous inducer not only of chemotaxis but of overall aromatic catabolic pathways.
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. 
Having mentioned in the introduction why and which aromatic compounds compounds were tested (see Table _) the reason Succinate and Citrate (since they were Krebs cycle intermediates and would most likely be chemoattractants, hopefully proven to be the case for pseudomonas in other articles) were used as positive controls was because they are not aromatic compounds but still illicit a chemotactic response ( look up articles that show that). 

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.
Aromatics in the environment are likely to be present as components of degrading plant materials, as plant root exudates (excretion), or as components of toxic wastes (environmental pollutants). Since P. putida can use many of these compounds as sole sources of carbon and energy, P. putida can be found in soil and fresh water environments where such compounds are present, and positive chemotaxis towards them can be viewed as an advantageous behavioral response (1984, Harwood)
Among the wide phylogenetic diversity of microorganisms capable of aerobic degradation of aromatic contaminants, the Pseudomonas species and closely related organisms have been the most extensively studied owing to their ability to degrade so many different ones [Eduardo Díaz, 2004 who cited Wackett, 2003]. Proteobacteria, especially pseudomonas sp, are viewed to have the highest metabolic potential towards aromatic carbon sources (Sylvia et al., 1998). Strain 108 made a suitable replacement.

The aerobic biodegradation of different aromatic compounds have several common features. Structurally diverse compounds are degraded through many different peripheral pathways to a few intermediates that are further channeled via a few central pathways to the central metabolism of the cell. In the aerobic catabolic funnel, most peripheral pathways involve oxygenation reactions carried out by monooxygenases and/or hydroxylating dioxygenases that generate dihydroxy aromatic compounds such as catechol, protocatechuate and gentisate. These intermediate compounds are the substrates of ring-cleavage enzymes that use molecular oxygen to open the aromatic ring between the two hydroxyl groups (ortho-cleavage, catalyzed by intradiol dioxygenases) or proximal to one of the two hydroxyl groups (meta-cleavage, catalyzed by extradiol dioxygenases) [ from Eduardo Díaz, 2004 can find other articles that cover this so don’t cite diaz since its pretty useless].

Discuss merits of swarm plate assay (ie excellent method to qualitatively determine chemotaxis). The cons are that it is somewhat time consuming since it takes at least 24 hr intervals to measure chemotactic responses. As well, only compounds that are metabolizable by the bacteria can actually be tested for: 
The soft-agar swarm assay depends on the fundamental ability of chemotactic bacteria to sense and swim up gradients of chemicals to accumulate near the source of a chemoattractant (Harwood and Parales, 2002). Bacteria inoculated in the agar will create a gradient as it degrades and utilizes the carbon around the incoluation site thus lowering the compounds concentration, the bacteria will radiate outwards in a distinct band of migrating cell’s towards the edges of the plate to higher concentrations of the chemoattractant (Harwood and Parales 2002). If the bacteria is unable to chemotax it will be unable to move to find more carbon source and will only grow at the inoculation site and not form a swarm. The assay only works for when the chemoattractant is also an utilizable source of energy for the cells (Zaval’skii et al, 2003).  For compounds that are metabolizable, but are not chemoattractants, the bacteria may actually swarm and display good growth ( back this up if I can).
The method of chemotactic rings formed on the surface of of semiliquid agar is also free of the interfering effect of aerotaxis, since, in this case, bacterial cells are in permanent contact with the air (Zaval’skii, 2002).  This presence of dissolved molecular oxygen in the (compound) solution brings about the formation and development of an additional band of migrating bacterial cells (this is called the aero-taxis effect).
Discuss merits of capillary assay (can test both non metabolizable and metabolizabe carbon sources, can time and thus quantify how long and how much the organism chemotaxises) and why wasn’t it used (the aim of the study was not to quantify the chemotaxis but whether there was any in the first place): 

Because of their precision, capillary tube assays, as detailed in (Leick and Helle, 1983; Adler, 1973 [see parales, 2002]), are the most widely used assays of chemotactic responses. Parama et al. (2004) developed a capillary tube assay using 96-well microplates, permitting up to 32 assays to be run in each microplate (the assay uses three wells, with the middle well being empty). Up to 10 chemoattractants can be tested simultaneously if performing three replicates per assay. 
One can use the capillary assay to qualitively asses chemotaxis by direct observation since strong chemotactic response is visible with a phase contrast microscope, and sometimes even to the naked eye, as a cloud of cells that accumulates around the mouth of the capillary tube (Parales and Harwood, 2002). For the microplate capillary assay the minimum time for a clear chemotactic response was 2h and the maximum around 3-4h, therefore aim for an assay time of  4h (Parama et al, 2004).

A concern I have is that perhaps in the case when testing for chemotaxis using cultures induced with test compounds revealed the same amount of chemotaxis response that uninduced cultures, grown only on Liquid Broth media, had. This leads me to postulate that what is going on here is a case of chemotaxis that is independent of the metabolism of a particular compound: 

Harwood (1984) showed that, in the case of PRS200, tactic responses exhibited by cells towards benzoate, m-toluate and p-hydroxybenzoate cannot be attributed to an effect of the oxidation of aromatic acids on the energy metabolism of cells that chemotaxis to aromatic acids was not reliant on the expression of pathways for aromatic degradation.
Also some compounds, that are communally degraded by the same pathway, initiated a response, while others did not leading to another possibility that a particular compound has its own corresponding MCP: 

Aromatic compounds are dissimilated by pseudomonads via several different metabolic routes. Unlike the enteric bacteria, E, coli and Salmonella sp., Pseudomonas putida differs markedly in its nutritional properties in that it is able to utilize a wide array of aromatic acids as sole carbon and energy sources for growth (25). Genes for the metabolism of the aromatic compounds p-hydroxybenzoate, and benzoate, are chromosomally encoded in P. putida (8, 10) while the other aromatic acids, toluates and dihydroxybenzoates are degraded with enzymes that are encoded by genes carried on catabolic plasmids (4).
These compounds are degraded to form diphenolic intermediates, which are then further dissimilated by either the catechol or the protocatechuate branches of the ortho-ring fission (B-ketoadipate) pathway (Fig. 1) (6, 17). P. putida 
The results reported in Harwoods paper show that P.putida is attracted to metabolizable as well as nonmetabolizable aromatic acids and that the chemotactic responses to aromatic acids were inducible, with at least two chemoreceptors being involved in the detection of aromatic acids. Induction of the tactic responses to benzoate and methylbenzoates was elicited by P-ketoadipate, whereas chemotaxis to benzoylformate was induced by benzoylformate and L(+)-mandelate (Harwood, 1984).

For example, although taxis responses were induced specifically by P-ketoadipate to methyl- and hydroxyl-substituted benzoates was exhibited by cells grown on benzoate, that these was established rigorously only for benzoate and m-toluate. It is possible that more than one inducer and more than one chemoreceptor are responsible for taxis to substituted benzoates. It is also possible that benzoylformate and ,B-phenylpyruvate are detected by more than one chemoreceptor. To firmly establish the number of aromatic acid chemoreceptors and their

effector specificities, it will be necessary to isolate and analyze mutants that are specifically nonchemotactic to one or more aromatic acids (Harwood, 1984).
At the time of the study it was not known if sensory information from aromatic acids is received by conventional receptors and processed through methyl-accepting chemotaxis proteins or whether behavioral stimuli are processed through some other type of pathway (Harwood, 1984).

I should also address some new innovations in bioremediation and how utilizing the biodegradative properties of bacteria coupled with chemotactile ability that Parales discusses … of course I have to be very careful how I present this, in that I don’t want to take credit for it. Perhaps I should figure out if this belongs more in the intro… perhaps both.

Discuss the role of biorememdiation and why its is important to study chemotaxis:

 Tie in “More than one way to sense chemicals” to “b-ketoadipate identidy, harwood, 96”: basically pcaK could possibly encode for an distinct mechanism of signal sensing from e.coli. tho apparently chemotaxis towards aromatic compounds is independent of metabolism in Psuedomonas (Pandey and Kain, 2002).
Possible experiment to perform in coming weeks:

Grow strains on FER, VAN and test them on plates containing FER to see if chemotaxis would occur in both cases.

There is are so far 2 postulated sets of chemoreceptors in P.putida PRS2000 (see Pandey, 2002; Harwood, 1984) for Mandelate pathway and other is benz and phb. I want to see if there is a 3rd set for the Vanillate pathway.

A soft-agar swarm plate assay can be used to determine chemotaxis. If the bacteria is capable of chemotaxis, as the bacteria utilizes the carbon source around its inoculation site, it will radiate out from this inoculation site to areas of high concentrations of carbon source (relative to the concentration at the inoculation site where it has already been degraded) and utilize this carbon source as well. If the carbon source is unable to chemotax it will be unable to move to find more carbon source and will only grow at the inoculation site. A drawback is that only metabolizable compounds can be tested as chemoattractants (Parales and Harwood, 2002).  According to theory, a distinct band  of cell’s migrating to an attractant is formed only when this attractant is a utilizable source of  energy for the cells (Zaval’skii et al, 2003).  PLACE IN Discussion? The method of chemotactic rings formed on the surface of of semiliquid agar is also free of the interfering effect of aerotaxis [ as Pseudomonads are aerobes and oxygen serves as an attractant for them], since, in this case, bacterial cells are in permanent contact with the air (Zaval’skii, 2002).  This presence of dissolved molecular oxygen in the (compound) solution brings about the formation and development of an additional band of migrating bacterial cells (this is called the aero-taxis effect).

Proteobacteria, especially pseudomonas sp, are viewed to have the highest metabolic potential towards aromatic carbon sources (Sylvia et al., 1998). Strain 108 made a suitable replacement.

As well apparently Ps200 can degrade chloroaromatics (see minireview, Jain 2002 and the article Harwood, 1990 http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=184439&blobtype=pdf)
Grow 108 on BENZ then plate on m-tol to see if that induces taxis (note that 108 and 106 can actually degrade m-tol unlike PRS200).

[ as Pseudomonads are aerobes and oxygen serves as an attractant for them, this is an important fact because in anoxic environments with no O2 you can’t use aerobes for bioremediation there]
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).
