Introduction
The benzene ring is the second most widely spread unit of chemical structure in nature, the first being glucosyl residues, and is the basis for all aromatic structures (Diaz 2004). Huge amounts of aromatic material are discharged into the biosphere through natural geochemical cycles, mostly as major breakdown components of the complex plant-derived aromatic polymer lignin; a main structural polymer of plants and plant root exudates (Kirk et al., 1987). Lignin accounts for about 25% of land-based biomass, and the biodegradation of this and other plant-derived aromatic compounds is a vital component of the earth’s carbon cycle (Harwood, 1996). Biodegradation is the biologically catalyzed decomposition of a chemical to its constituent components by microorganisms (Madigan et al., 2003). There also is the well publicized problem of environmental contamination by toxic aromatic hydrocarbons introduced into the environment through anthropogenic urban and industrial activities. Constituting a substantial proportion of environmental pollutants are nitroaromatics (NAC’s: Parales, 2004; Bushan et al., 2004; Pandey et al., 2002a; Spain, 1995) Chloroinated aromatics (Vadar et al., 2005; Reinke et al., 1988; Timmis and Pieper, 1999), Napthalene (Napth: Finalyson et al., 1997), and polycyclic aromatic hydrocarbons  (PAHs: Ortega-calvo et al., 2003; Samanta et al., 2002). The biodegradation of these compounds has been extensively studied (Parales et al., 2004). 
The thermodynamic stability imparted by the resonance energy that stabilizes the carbon-carbon bonds of aromatic rings, presents microorganisms with a significant biochemical challenge; it is this inherent stability of their aromatic ring configuration that increases an aromatic’s persistence in the environment (Harwood, 1996). 
More detail is need concerning the enzymes being used see harwood 96.
Degrading structurally diverse aromatic compounds through many different peripheral pathways that are funneled to a few intermediates and are then further channeled via a few central pathways to the central metabolism of the cell are shared features of both aerobic and anaerobic biodegradation of aromatic compounds (Madigan et al., 2003; Harwood, 1996; Diaz, 2004; Gibson et al., 2002) Much more is known about aerobic pathways and will be the ones discussed in this paper, though both aerobic and anaerobic microorganisms have been isolated that degrade aromatic compounds (Harwood et al., 1996). In general, aromatic degradation is a two stage process. The initial stage in the aerobic catabolic funnel is preparing the aromatic compound for ring cleavage by a variety of ring modification reactions (Harwood et al., 1996). In all of the diverse aromatic peripheral pathways that have been identified, an oxygenation step can be found involving monooxygenases and/or hydroxylating dioxygenases resulting in the formation of a dihydroxylated monoaromatic compound, either being catechol, protocatechuate or gentisate which would be used later as starting substrates (Madigan et al., 2003; Diaz, 2004; Harayama et al., 1992).
The second stage of degradation begins once complex aromatic molecules have been converted into the more simplified intermediate monoaromatic starting substrates where the Oxidative catabolism of Protocatechuate and catechol can proceed and be further degraded via ring fission and undergo subsequent reactions leading to the generation of intermediates that can enter the citric acid/tricarboxylic acid cycle: succinate, acetyl-CoA, pyruvate (Madigan et al, 2003). Ring fission requires ring-cleavage enzymes that use molecular oxygen to open the aromatic ring, and is termed ortho cleavage when it occurs between the adjacent hydroxyl groups and is catalyzed by intradiol dioxygenases; and meta-cleavage when it occurs adjacent to one of the hydroxyls and is catalyzed by extradiol dioxygenases (Harwood et al., 1996; Diaz, 2004). In the gentisate pathway, aerobic ring cleavage, because the two hydroxyl groups on the aromatic ring are para to each other, occurs between the carboxyl-substituted carbon and the adjacent hydroxylated carbon (Harwood et al., 1996).
One of the best studied of the three pathways is the ortho-cleavage pathway, also known as the β-ketoadipate pathway deriving from the fact that β-ketoadipate is a key intermediate of the ortho-cleavage pathway (Ornston, 1966). The pathway 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 (Harwood et al., 1996). There have also been findings that suggest that chemotaxis, to at least some compounds by select microbes, is a β-ketoadipate pathway-associated trait and is present in most of the bacteria for which chemotaxis to aromatic compounds has been reported (Harwood et al., 1996). Chemotaxis is the bacterial behavioural response which utilizes the function of swimming motility in bacteria to allow the cell to move along a perceived concentration gradient either towards or away from a particular chemical in order to remain in a beneficial layer of the gradient (Holt et al., 1994).
Bioremediation is a technology for removing pollutants from the environment via the use of a living microorganisms’ ability to biodegrade 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 et al., 2003; Lovley, 2003). 
In situ bioremediation technology, however, has limitations such as poor bioavailability of the compound to be degraded, due to low solubility, mass transfer limitations, or sequestration of a chemical to a matrix surface (Vardar et al., 2005). Chemotaxis could overcome some of these limitations and increase the efficiency of in situ bioremediation by bringing the bacteria into close contact with the soil/groundwater contaminant thus enhancing the biodegradation of pollutants (Samanta et al., 2002; Pieper et al.; 2000, Dua et al., 2002). Reports concerning chemtotaxis towards PAHs, have demonstrated that chemotaxis does in fact enhance biodegradation (Marx et al., 2000; Ortega –calvo et al., 2003; Law et al., 2003). 
In nature, the nutrients or environmental factors produced in soils, or dispersed as pollution, are generally distributed in such a way as to form a concentration gradient (Holt et al., 1994). Unlike larger organisms, bacteria are too small to sense a gradient along their body length. They must instead, while moving, compare the chemoeffector concentration in their environment with that sensed over the whole of the cell a few seconds earlier, thus bacteria sense gradients of signal molecules as they swim along, temporally rather than spatially (Parkinson, 2004). Because of their size, consigning them to be dominated by viscous rather than inertial forces, the temporal-sensing strategy is effective only over short times because Brownian motion also can alter a cell’s heading (Parkinson, 2004). 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 et al., 1974; Harwood et al.,1984 a). 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 et al.,1984 a).

Chemotaxis has been studied the most in the enteric bacteria Escherichia coli, serving as a paradigm for bacterial two-component signal transduction pathways (Bren et al., 2000). The mechanism behind chemotaxis is very complex and involves many different proteins. Some are sensory proteins found in the cell membrane that sense the presence of specific attractants or pollutants and can sense changes in concentration over time. External stimuli can be detected by cell-surface transmembrane receptor chemoeffector specific proteins known as methyl-accepting chemotaxis proteins (MCPs) (Parkinson, 2004). MCPs have essentially the same membrane topology: two transmembrane helices that anchor the receptor in the membrane and demarcate a periplasmic ligand-binding domain responsible for monitoring chemoeffector levels, from a cytoplasmic signaling domain that can undergo reversible methylation; the methylation state of which encodes the memory of the chemical environment (Alexandre et al., 2001; Parkinson, 2004). Because it takes several seconds for a cell’s feed back signal sensory adaptation machinery to update the methlyation record, as opposed to the feed forward signal’s few hundred milliseconds to alter motor rotation after the receptors modulate phosphate fluxes to recoincide their overall ligand occupancy with their aggregate methylation levels; a time differential is created, for which the cell can create a comparision window between past and present chemical environments (Parkinson, 2004). 
The chemotactic signal is dependent upon the MCPs, which bind chemoeffectors on the periplasmic side of the membrane. Binding of these chemoeffectors can be direct (as for amino acids) or indirect, through a specific periplasmic binding protein (as for some sugars) (Madigan et al., 2003). These MCPs interact with two auxillary cytoplasmic proteins, CheW and CheA (Wolanin et al., 2004). CheA, a histidine autokinase and the sensor kinase of this two-component system, and CheW, an enigmatic coupling factor, bind to the cytoplasmic domains of MCP molecules to form ternary signaling complexes that oscillate between kinase-on and kinase-off activity states  (Parkinson, 2004). When a MCP binds a chemoeffector, it changes conformtation and together with CheW, causes a change in the autophosphorylation of CheA to form CheA-P. Chemoeffectors that are attractants inhibit and decrease the rate of autophosphorylation activity by binding to extracytoplasmic sensory domains of the MCPs (Wolanin et al., 2004), while repellents increase the rate. The proportion of receptor complexes in each signaling state reflects the dynamic interplay between ligand occupancy and methylation state (Parkinson, 2004). The signaling cascade begins with CheA, which donates its phosphoryl groups to two competing response regulators, the MCP-specific methylesterase CheB and monomeric CheY, thereby activating them (Parkinson, 2004). Phosphorylated CheY readily diffuses away from CheA and subsequently binds to fliM, a protein of the switch complex located at the base of flagellar motors in the cellular envelope, where it promotes a change in the rotational bias of the flagellar motors towards CW rotation (Wolanin et al., 2004; DeRosier, 1998). The change in the direction of flagellar rotation that occurs as a consequence of the signaling cascade is manifested as chemotaxis.  Phospho-CheB demethylates MCP molecules. Its counterpart, CheR, and MCP-specific methyltransferase, attaches methyl groups to MCP molecules. Methylation favors the kinase-on signaling state, whereas demethylation favors the kinase-off state (Parkinson, 2004).
Model compounds used to study the degradation of monoaromatics by bacteria include veratrate, vanillate and isovanillate  have not been studied for chemotaxis in Pseudomonas sp. The aim of this study was to determine whether they and other metabolizable compounds (Table 1) are recognized as chemoattractants by Pseudomonas putida GB106A, GB107A and Pseudomonas sp. GB108 and whether these compounds serve as attractants for these Pseudomonas strains capable of degrading these aromatics. 
