Introduction

There are a lot of aromatics spread throughout environment (ie from natural plant tissue decomposition or anthorpogenically introduced pollutants from humans). Many organisms have the capability to decompose these compounds, notably among these are the members of the microbial family (I’ll be focusing on the Prokaryotes). Since these aromatic compounds are pretty much locked in soil, the diversity of microbial organisms reflects the metabolic diversity of the community. As a aromatic is degraded, various different organisms can make use and metabolize different intermediates at different stages of the catabolism of the compound, sometimes catabolic pathways can be shared between microbes via conformation. Some bacteria have the advantage of actually being able to move via chemotaxis towards or away from some of these compounds that either can be used for metabolism or are detrimental. Chemotaxis can either be metabolically independent or dependent upon the compound. Various studies have been made concerning chemotaxis and bacteria involving aromatic compounds. There are several studies concerning the Pseudomonas genera including P.putida among others towards compounds BENZ, m-tol, p-HB done by Harwood (1984) however chemotaxis to compounds such as FER, CAT, PCA and a few others though studied in other bacteria had not yet been studied in Pseudomonas, and it seems from its nutritional ability to metabolize these compounds that they might be also be chemoattractants. I will test various bacteria for motility and then test them for a chemotacitic response towards various compounds they can degrade.
Aromatic compounds are a major component of plants and

also constitute a substantial proportion of the toxic wastes

that are released into the environment (3, 5). Many kinds of

bacteria can grow on various aromatic compounds, and

several groups of motile soil bacteria, including Psei(domonas,

Rhizobium, and Agrobacterium spp., can also sense

and respond behaviorally to the presence of aromatics in the

environment (1, 8, 17, 18). Since chemotaxis can be viewed

as an important prelude to metabolism, an understanding of

mechanisms underlying responses to aromatic compounds

has practical implications, for example, for strategies aimed

at using bacteria to detoxify polluted environments. Also,

chemotaxis could be an important factor guiding the association

of rhizobacteria with plant roots, sites expected to be

rich in aromatic material.

Pathways of aromatic acid metabolism in Pseiudomonas

piutida have been studied particularly intensively, which

makes this a good organism to use for the study of behavioral

responses to aromatic compounds. P. plutida synthesizes at

least two distinct chemoreceptors for aromatic acids, a

benzoate chemoreceptor [induced when cells are exposed to

3-ketoadipate (a metabolite of benzoate and p-hydroxybenzoate)]

and a benzoylformate chemoreceptor [induced by

L(+) mandelate or benzoylformate (8)] (harwood, 1989).
The directed movement towards or away from chemicals in the environment by the process called chemotaxis is a behavioral response exhibited by many, if not all (not really), flagellated bacteria (Parales, 2002). Chemotaxis has been studied in Escherichia coli  and Salmonella spp., where it has served as a paradigm for bacterial two-component signal transduction pathways (Parales, 2002). Chemotaxis is the movement of an organism towards (positive) or away from (negative) a chemical gradient (Madigan, et al., 2003).  The capacity of a particular compound to elicit a positive
chemotactic response is sometimes related to its nutritional

value. E. coli and Salmonella sp., for example, are attracted

to many kinds of sugars and to some amino acids (2, 13).

Similarly, Pseudomonas aeruginosa responds favorably to

an array of organic acids, compounds that this species favors

as growth substrates (14, 15).

In some cases the survival value of negative chemotaxis

has been established. The membrane permeant aromatic

acids benzoate and salicylate are chemorepellents for E. coli

and Salmonella sp. (26). These weak acids carry protons

into cells, and the negative behavioral responses of enteric

bacteria to benzoate and salicylate represent a response to a

lowered cytoplasmic pH, rather than a negative response to

the aromatic structure of the compounds per se (9, 22, 24).

Since extremes of intracellular pH can impair numerous

metabolic processes, the migration of cells away from an

acid environment can be viewed as an advantageous behavioral

response (Harwood, 1984).

The mechanism of chemotaxis is very complex and involves many different proteins. Some are sensory proteins found in the cell membrane that sense the presence of attractants or pollutants. These protiens sense changes in concentration over time. When these membrane proteins, known as methyl-accepting chemotaxis proteins (MCP’s), bind the attractant or repellent it changes conformation and changes the autophosphorylation of the cytoplasmic protein it is in contact with.  Attractants decrease the rate of autophosphorylation while repellents increase the rate. The phosphorylated cytoplasmic proteins will then phosphorylate the response regulator, which governs the direction of the rotation of the flagellum (Madigan,  et al., 2003). In increasing concentrations of attractants, or decreasing concentrations of repellents, the phosphorylation rate of the response regulator will be low and the flagellar motor protein will continue in a counter clockwise direction, allowing the bacterium to swim relatively smoothly in one direction. In decreasing concentrations of attractants, or increasing amounts of repellents, the phosphorylation rate of the response regulator will be high and the flagellar motor protein will switch to a clockwise direction causing the bacterium to tumble; which will continue until it finds a favorable chemical concentration (Madigan, et al., 2003). Chemotactic species sense nutrients such as amino acids or sugars by mens of cell-surface receptors called methyl-accepting chemotaxis proteins (MCP’s). Upon binding an attractant, an MCP undergoes a slight conformtational change that is communicated to the flagellar proteins and phosphrylation events. The change in the direction of flagellar rotation that occurs as a consequence of the signaling cascade is manifested as chemotaxis. The chemotaxis machinery of E.coli includes five MCP’s and six chemotaxis proteins (Parkinson, 2004). Recent genome sequence information and experimental work indicates that other bacteria have more complex chemotactic signaling systems. Multiple sets of chemotaxis genes are present in many species and several of these, including  Pseudomonas putida , have 25 or more MCP genes. Despite these complexities, the fundamental characteristics of signal reception and transduction that occur during chemotaxis by E.coli are probably conserved among bacteria (Parales, 2002).  Organic chemicals such as sugars and amino acids are strong chemoattractants for enteric bacteria (Parales, 2003). In contrast, Pseudomonads and related nonenteric bacteria have been shown to be attracted to aromatic acids, many of which are growth substrates for particular strains (parales 2003).
Metabolic dependent chemotaxis requires metabolism of the chemoeffector. Metabolic dependent chemotaxis shares signaling pathways with other pathways and changes the cellular energy levels of the organism. In this process metabolizable substrates can stimulate a chemotactic response as long as the bacterium contains a receptor sensing the cellular energy level change (Pandey and Jain, 2002). The aim of this study is to see whether 108’s chemotaxis is ind or dep …. Actually no its not, all the compounds being tested are metabolizable in the first place. The purpose is to find out if all the compounds 108 can metabolize are also chemo-attractants!
Aromatic compounds are present in the environment due to natural and anthropogenic activities, and some of them are pollutants. Bacterial degradation of structurally simple aromatic coumpounds has been studied and does occur. 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.

Aromatic compounds are abundant in the biosphere as

components of the complex polymer lignin and as environmental

pollutants. The bacterial biodegradation of structurally

simple, readily degradable aromatic compounds has been

studied with the expectation that this will facilitate work on

more recalcitrant members of the group. As a result, much

information has been obtained about the enzymology and

molecular regulation of aerobic pathways of aromatic compound

degradation (6, 16, 35, 53). An aspect of aromatic

biology that has received almost no attention, however, is the

question of how bacteria sense and respond to the presence of

aromatic compounds in their environment. Chemotaxis and

transport are two physiological functions that operate in this

capacity, and a number of studies have shown that aromatic

acids such as benzoate and 4-hydroxybenzoate are strong

chemoattractants for Pseudomonas putida, as well as a number

of other species of gram-negative bacteria including Agrobacterium

spp. and rhizobia (19, 20, 31, 39, 40). However, very

little is known about the characteristics of the presumed

receptor proteins that are responsible for initial attractant

recognition. Similarly, although a number of studies have

inferred the existence of specific transport systems for aromatic

acids and related compounds, only a few detailed studies of

aromatic compound permeases have been reported (1, 2, 14,

30), and no molecular analyses of bacterial genes that encode

such proteins have been presented.
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The ,3-ketoadipate pathway for the degradation of aromatic

rings is widely distributed among bacteria and consists of two

parallel branches for the dissimilation of catechol and protocatechuate,

derived from benzoate and 4-hydroxybenzoate, via

an initial ortho-ring cleavage (Fig. 1) (48). The enzymology of

this pathway has been particularly well studied in P. putida

PRS2000, and many of the structural genes for aromatic acid

degradation have been cloned from this organism (35, 37, 56).

We have determined that strain PRS2000 has a strong chemotactic

attraction to 4-hydroxybenzoate and benzoate and that

biodegradation and aromatic acid chemotaxis are coordinately

regulated (10, 19, 20). In this study, we identified a mutant that

is specifically nonchemotactic to benzoate and 4-hydroxybenzoate.

A molecular analysis of this mutant led to the identification

of a new gene cluster, designated pcaRKF, which

encodes a regulatory protein required for 4-hydroxybenzoate

degradation; 3-ketoadipyl-CoA thiolase, the last enzyme of the

,-ketoadipate pathway; and a 4-hydroxybenzoate transport

protein. The transport protein, PcaK, is also required for

4-hydroxybenzoate-grown cells to exhibit wild-type chemotaxis

to aromatic acids (Harwood, 1994).

Don’t need to rephrase:

Should include basic info (ex gram –ve, proteobacteria, habitat)
Pseudomonas putida organisms have about six flagella, located at one end to form a tuft (lophotrichous), that serve to propel the bacterium. When flagellar rotation is counterclockwise, the flagella form a bundle to push the bacterium forward causing smooth unidirectional swimming, commonly known as a "run" and typically lasts about 1 to 2 s. When the 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). 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 (Having flagella uniformly distributed over the body surface, as certain bacteria) flagellated bacteria such as Escherichia coli and Salmonella typhimturiuum. 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. (The backwards swimming of P. piftida cells can be accounted for by a synchronous reversal of flagellar motors. This would result in the propagation of a negative waveform from the flagellar bundle (14). The reversal of a single polar flagellum would also result in backward swimming (22).)
 (Harwood, 1989). 

The bacteria alternately run and tumble in the absence of (benzoate) 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 prestimulus behavior within 1 to 2 min despite the continued presence of attractant but could be stimulated again by further addition of a higher concentration of (benzoate) attractant(Harwood, 1989).
Except for a few details which can be attributed mainly to differences in flagellar arrangement, the motile behavior of P. putida appears to be very similar to that of the enteric bacteria E. coli and S. typhimurilum. However P.putida rsponds to a very different repertoire of chemoattractants. These observations are consistent with a view of P. putida flagellar behavior that is similar to E. coli and S. typhimnzriium
