Part 2: Final Bioremediation/degradation of Aromatics and intro to chemotaxis
“To our knowledge, the only report clearly demonstrating that chemotaxis enhances biodegradation was carried out with P. putida G7. Marx and Aitken [33••]  (Parales 2002).” I’m sure there are other napth related articles that mention similar findings, Like Ortega-Calvo, 2003 … check into it.
Bioremediation What it is? How it utilizes biodegradation.

Sources: Sasiskumar 2003, Lovley 2003, 
“ Sasiskumar, 2003 Bioremediation not to cite?
“Remediate” means to solve a problem, and “bio-remediate” means to use biological organisms to solve an environmental problem.  Bioremediation is a technology for removing pollutants from the environment via the use of living microorganisms to degrade environmental pollutants from contaminated soils or groundwater with the goal of obtaining harmless chemicals as end products, thus restoring the original natural surroundings and hopefully prevent further pollution (Madigan). 
The combination in a single bacterial

strain of different degradative abilities with genetic traits that

provide selective advantages in the target site is a successful

strategy for in situ bioremediation [20=Pieper 2000] (Diaz 2004).
How are they degraded?

Sources: Ornston 1966, Ornston 1971, Madigan
“Bacteria posses three widely known ring-cleavage mechanisms for the diol [intermediate] metabolites generated during aerobic degradation of aromatic compounds: ortho(intradiol), meta(extradiol) and gentisate (Harwood & Parales, 1996; Lipscombe & Orville, 1992) (Providenti et al, 2001).
From Madigan:
Many aromatic hydrocarbons can be used as electron donors aerobically by microorganisms, of which bacteria of the genus Pseudomonas have been the best studied. It has been demonstrated that the metabolism of these compounds, some of which are quited complex, frequently has as its initial stage the formation of either of two molecules, protocatechuate or catechol. 
These single-ring compounds are refrerred to as starting substrates because oxidative catabolism proceeds only after the complex aromatic molecules have been converted to these more simple forms. Protocatechuate and catechol may then be further degraded to compounds that can enter the citric acid cycle: succinate, acetyl-CoA, pyruvate. Several steps in the catabolism of aromatic hydrocarbons usually require oxygenases. Figure 13.50 b and c show two different oxygenase-catalyzed reactions, one using a monooxygenase and the other a dioxygenase.
Aromatic compounds can also be degraded anaerobically and quite readily if they already contain an atom of oxygen.
From Harwood 1996:

In addition to the well publicized problem of environmental contamination by toxic aromatic hydrocarbons, huge amounts of aromatic material are contributed to the biosphere from natural sources. The complex aromatic polymer lignin comprises about 25% of the land-based biomass on earth, and the recycling of this and other plant-derived aromatic material is a vital component of the earth’s carbon cycle. The resonance energy that stabilizes the carbon-carbon bonds of aromatic rings presents microorganisms with a significant biochemical challenge. Both aerobic and anaerobic microorganisms have been isolated that degrade aromatic compounds, but much more is known about aerobic pathways. In general, degradation proceeds in two phases. First, an aromatic compound is prepared for ring cleavage by a variety of ring modification reactions. Of the many diverse pathways that have been identified, all have in common a mono- or dioxygenation step that results in the formation of a dihydroxylated benzene ring. The second phase of degradation includes ring fission and subsequent reactions leading to the generation of tricarboxylic acid cycle intermediates. Ring fission is catalyzed by dioxygenases and is termed ortho cleavage when it occurs between the hydroxyl groups (intradiol cleavage) and meta-cleavage when it occurs adjacent to one of the hydroxyls (extradiol cleavage). A third aerobic ring cleavage pathway, the gentisate pathway, is followed when the two hydroxyl groups on the aromatic ring are para to each other, and cleavage occurs between the carboxyl-substituted carbon and the adjacent hydroxylated carbon (23 unavailable cite Harwood 1996) (Figure 1). Of the three pathways, the best studied are the meta-cleavage pathway and the ortho-cleavage or, as it is commonly known, the _-ketoadipate pathway. The latter name derives from the fact that _-ketoadipate is a key intermediate of the ortho-cleavage pathway. The meta-cleavage and the _-ketoadipate pathways each catalyze the dissimilation of the archetypal ring cleavage substrates, catechol and protocatechuate. Meta-fission pathway enzymes differ from those of the ortho-pathway in their ability to also catalyze the degradation of methylated catecholic substrates, and thus they have been well studied in connection with the degradation of methylated aromatic hydrocarbons such as toluene and xylene. Modified ortho-cleavage pathways include enzymes that are closely related to those of the _ ketoadipate pathway but that have evolved to handle chlorinated substrates. These pathways appear to be used primarily for the dissimilation of chlorinated catechols generated from the metabolism of chlorobenzoates, chlorobenzenes, and chlorophenoxyacetate. The modified ortho-cleavage pathways are encoded on catabolic plasmids. Meta-cleavage pathways specifying the degradation of phenol, toluene, and naphthalene have been described that are plasmid encoded. Because they contribute to the degradation of environmental pollutants, the meta-cleavage pathway and modified ortho-pathways have been the subject of a number of recent reviews (8, 131, 140, 148). The _-ketoadipate pathway is widely distributed among taxonomically diverse eubacteria and fungi (Figure 2). It is almost always chromosomally encoded and plays a central role in the processing and degradation of naturally occurring aromatic compounds derived from lignin and other plant components, as well as in the degradation of some environmental pollutants. This pathway often coexists in bacteria with plasmid-encoded meta-pathways (8), and it is always present in bacterial strains that degrade chlorinated aromatic compounds by means of plasmid-encoded modified ortho-cleavage pathways. This is because the final steps in the complete degradation of chlorinated catechols are catalyzed by the final two enzymes of the _-ketoadipate pathway (140). These characteristics underscore the importance of the _-ketoadipate pathway as a major utility pathway for aromatic compound degradation.  
The aerobic and anaerobic 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) (Fig. 3) [Harayama 1992].
 [ from Eduardo Díaz, 2004 can find other articles that cover this so don’t cite diaz since its pretty useless].

Microbial utilization of aromatic compounds

Next to glucosyl residues, the benzene ring is the unit of chemical structure most widely spread in nature (Kirk 1987, Harwood 1996, . Moreover, the thermodynamic stability of the benzene ring increases its persistence in the environment (Madigan); therefore, many aromatic compounds are major environmental pollutants [4]. By expressing different catabolic (biodegradative) pathways, microorganisms can use a wide array of aromatic compounds as sole carbon and energy sources [Harayama 1992]. The general ability of bacteria to use such compounds is related to the fact that most of these compounds are commonly present in the environment as a result of the recycling of plant-derived material [ Harwood 1996]. Human-made xenobiotic compounds, by contrast, have been in contact with the microbiota only for about 100 years; therefore, some of them are still poorly degraded, if at all. Oxygen is the most common final electron acceptor for microbial respiration, and aerobic processes provide the highest amount of energy to cells (Fig. 2) [10]. In chemotrophic reactions, a portion of the substrate is oxidized to obtain energy and another part is assimilated into cell mass. In aerobic respiration, oxygen not only is the electron acceptor but also participates in activation of the substrate via oxygenation reactions. Although a wide phylogenetic diversity of microorganisms is capable of aerobic degradation of contaminants, Pseudomonas species and closely related organisms have been the most extensively studied owing to their ability to degrade so many different contaminants [32=Wackett 2003]. However, many polluted environments are often anoxic, e.g., aquifers, aquatic sediments and submerged soils. In such environments, biodegradation is carried out by either strict anaerobes or facultative microorganisms using alternative electron acceptors, such as nitrate (denitrifying organisms), sulfate (sulfate reducers), Fe(III) (ferric-ion reducers), CO2 (methanogens), or other acceptors (chlorate, Mn, Cr, U, etc.) (Fig. 2) [13=Gibson 2002,16=Lovley 2003,35=Widdel 2001].
How can chemotaxis improve biorememdiation by increasing biodegradation 

efficiency.

The host cell can be manipulated to enhance bioavailability

of the pollutant by engineering the production of biosurfactants

or by promoting chemotaxis of the biodegrader to the

toxic compound [8,Duo 2002] (Diaz 2004).
“The efficiency of in situ bioremediation can be increased if the bacteria and soil/groundwater contaminant are brought into close contact with each other. Chemotaxis has an important role in enhancing the biodegradation of pollutants as it can overcome some of the limitations of in situ bioremediation such as poor bioavailability due to mass transfer limitations, low solubility, or sequestration of a chemical to a matrix surface (Parales and Harwood 2002; Samanta et al.

2002). (From Vardar, 2005)”
The microbial degradation of environmental pollutants such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and nitroaromatic compounds (NACs) has been studied extensively (1 4). The pathways involved in the degradation of these compounds have been investigated and in many cases genes encoding for these pathways have been cloned and sequenced. However, an important aspect related to biodegradation which have received little attention is chemotaxis which is the movement of microorganisms toward chemical attractants and away from chemical repellents (5, 6). Chemotaxis could be very helpful in enhancing the ability of motile microorganisms to locate and subsequently degrade the toxic and recalcitrant compounds present in a contaminated environment.  (Samanta and jain, 2001).

Much work has also been done on the biodegradation of theses compounds, however, although common soil bacteria have been shown to be chemotactically attracted to different aromatic compounds, little attention has been given to the chemotaxis aspect of the biodegradation of aromatic compounds (Pandey and Jain, 2002). Chemotaxis would be a selective advantage to the degradative bacteria, guiding them to pollutants that are present in the environment, therefore, bacteria which have this ability would be better candidates for the bioremediation of pollutants. A smaller amount of chemotactic bacteria would be able to degrade more pollutants since they could continue to move towards the pollutant, as opposed to non-chemotactic bacteria which could only degrade the pollutants in their immediate vicinity.

Chemotaxis provides an increased cell density at or near an

interface from which a chemical attractant desorbs or dissolves. Such an increase in cell density can lead to an increase

in the degradation rate of the attractant near the interface,

lowering the aqueous-phase concentration and thus increasing

the concentration gradient against which mass transfer occurs.

The increased concentration gradient in turn leads to an increased

rate of attractant desorption or dissolution. Both the
data on naphthalene removal and the microscopic observations

in this study support such an effect of chemotaxis over a range

of experimental conditions.

Motility-enhanced adhesion of cells at the interface can similarly

enhance the rates of mass transfer and biodegradation, as

was shown in the experiments with the Che_ mutant (Fig. 2B).

Others have shown that motility is an important factor in

attachment to surfaces (14, 28, 35) and that such attachment

can stimulate bacterial growth (32) and increase rates of biodegradation

(10, 25, 36). On the contrary, still others have

found that attachment in the form of a biofilm can increase

mass transfer resistance (11, 19, 29) and that biofilm formation

on surfaces can reduce overall degradation rates (19, 20). The

role of adhesion in biodegradation will, therefore, depend on

the specific conditions under which mass transfer and biodegradation

occur.

The results generally supported expectations about the effects

of biodegradation, with or without chemotaxis, on the

removal of naphthalene from the HMN droplet (Law, 2003).
