Part 2: Bioremediation and how chemotaxis could aid it
“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.
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 2001] (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.

How are they degraded?

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].

“ Sasiskumar, 2003 Bioremediation

"Remediate" means to solve a problem, and "bio-remediate" means to use

biological organisms to solve an environmental problem such as contaminated soil or

groundwater.

Bioremediation is the use of living microorganisms to degrade environmental

pollutants or to prevent pollution. In other words it is a technology for removing

pollutants from the environment thus restoring the original natural surroundings and

preventing further pollution.

The rapid expansion and increasing sophistication of the chemical industries in

the last century has meant that there has been increasing levels of complex toxic effluents

being released into the environment. Many major incidents have occurred in the past

which reveal the necessity to prevent the escape of effluents into the environment, such

as the Exxon Valdez oil spill, the Union-Carbide (Dow) Bhopal disaster, large -scale

contamination of the Rhine River, the progressive deterioration of the aquatic habitats

and conife r forests in the Northeastern US, Canada, and parts of Europe, or the release of

radioactive material in the Chernobyl accident, etc.

Types of Bioremediation

On the basis of removal and transportation of wastes for treatment there are

basically two metho ds:

1. In situ bioremediation

2. Ex situ bioremediation

“In Situ” bioremediation means there is no need to excavate or remove soils or

water in order to accomplish remediation.

Most often, in situ bioremediation is applied to the degradation of contaminants in

saturated soils and groundwater. It is a superior method to cleaning contaminated

environments since it is cheaper and uses harmless microbial organisms to degrade the

chemicals. Chemotaxis is important to the study of in-situ bioremediation because

microbial organisms with chemotactic abilities can move into an area containing

contaminants. So by enhancing the cells' chemotactic abilities, in-situ bioremediation will

become a safer method in degrading harmful compounds.

In situ bioremediation methods have many potential advantages- it does not

require excavation of the contaminated soil and hence proves to be cost effective, there is

minimal site disruption, so the amount of dust created is less, and simultaneous treatment

of soil and groundwater is possible.

In situ bioremediation also poses some disadvantages – the method is time

consuming compared to the other remedial methods, seasonal variation of the microbial

activity due to direct exposure to changes in environmental factors that cannot be

controlled, and problematic application of treatment additives. Microorganisms act well

only when the waste materials present allow them to produce nutrients and energy for the

development of more cells. When these conditions are not favourable then their capacity

to degrade is reduced. In such cases genetically engineered microorganisms have to be

used, although stimulating indigenous microorganisms is preferred.

Types of In Situ Bioremediation

Intrinsic bioremediation:

This approach deals with stimulation of indigenous or naturally occuring

microbial populations by feeding them nutrients and oxygen to increase their metabolic

activity.

Engineered in situ bioremediation:

The second approach involves the introduction of certain microorgansims to the

site of contamination. When site conditions are not suitable, engineered systems have to

be introduced to that particular site. Engineered in situ bioremediation accelerates the

degradation process by enhancing the physico-chemical conditions to encourage the

growth of microorganisms. Oxygen, electron acceptors and nutrients (eg: nitrogen and

phosphorus) promote microbial growth.

Ex Situ Bioremediation processes require excavation of contaminated soil or

pumping of groundwater to facilitate microbial degradation. This technique has more

disadvantages than advantages.”
From http://64.233.187.104/search?q=cache:HA0I4BWRyhIJ:bioprocess.pnl.gov/isb_defn.htm+in+situ+bioremediation&hl=en&start=1&client=firefox-a
In situ bioremediation (ISB) is the use of microorganisms to degrade contaminants in place with the goal of obtaining harmless chemicals as end products.  Most often in situ bioremediation is applied to the degradation of contaminants in saturated soils and groundwater, although bioremediation in the unsaturated zone can occur.  The technology was developed as a less costly, more effective alternative to the standard pump-and-treat methods used to clean up aquifers and soils contaminated with chlorinated solvents, fuel hydrocarbons, explosives, nitrates, and toxic metals.  ISB has the potential to provide advantages such as complete destruction of the contaminant(s), lower risk to site workers, and lower equipment/operating costs.  Battelle has applied their Chlorinated Solvent Bioremediation Design Service at many sites, focusing primarily on chlorinated solvent contamination. 

ISB can be categorized by metabolism or by the degree of human intervention.  At a high level, the two categories of metabolism are aerobic and anaerobic.  The target metabolism for an ISB system will depend on the contaminants of concern.  Some contaminants (e.g., fuel hydrocarbons) are degraded via an aerobic pathway, some anaerobically (e.g., carbon tetrachloride), and some contaminants can be biodegraded under either aerobic or anaerobic conditions (e.g., trichloroethene). 

Accelerated in situ bioremediation is where substrate or nutrients are added to an aquifer to stimulate the growth of a target consortium of bacteria.  Usually the target bacteria are indigenous, however enriched cultures of bacteria (from other sites) that are highly efficient at degrading a particular contaminant can be introduced into the aquifer (termed bioaugmentation).  Accelerated ISB is used where it is desired to increase the rate of contaminant biotransformation, which may be limited by lack of required nutrients, electron donor, or electron acceptor.  The type of amendment required depends on the target metabolism for the contaminant of interest.  Aerobic ISB may only require the addition of oxygen, while anaerobic ISB often requires the addition of both an electron donor (e.g., lactate, benzoate) as well as an electron acceptor (e.g., nitrate, sulfate).  Chlorinated solvents, in particular, often require the addition of a carbon substrate to stimulate reductive dechlorination.  The goal of accelerated ISB is to increase the biomass throughout the contaminated volume of aquifer, thereby achieving effective biodegradation of dissolved and sorbed contaminant. 

Monitored natural attenuation (intrinsic bioremediation) is the other method of applying in situ bioremediation.  One component of natural attenuation is the use of indigenous microorganisms to degrade the contaminants of concern without human intervention (such as supplementing the available nutrients).  Site characterization, reactive flow and transport modeling, and long term monitoring comprise the activities required to implement natural attenuation.  The site characterization determines the extent of contamination and the properties of the aquifer.  This characterization information can then be used in a reactive transport model to predict the fate of the contaminants and whether the contaminants will affect the receptors of concern.  Long-term monitoring is used to assess the fate and transport of the contaminants compared against the predictions.  The reactive transport model can then be refined to obtain better predictions. 

Whether accelerated ISB or natural attenuation is used at a particular site will depend upon the aquifer properties, chemical concentrations, goals of the remediation project, and the economics of each option.  The rate of contaminant degradation is typically slower in a natural attenuation scenario than for active bioremediation because the concentration of bacteria is much greater in accelerated bioremediation and the biodegradation rate is proportional to the amount of biomass.  Thus, natural attenuation typically takes longer to complete.  Accelerated ISB usually provides a faster solution, but has a much greater investment in materials, equipment, and labor. 

Advantages of In Situ Bioremediation
· Contaminants may be completely transformed to innocuous substances (e.g., carbon dioxide, water, ethane). 

· Accelerated ISB can provide volumetric treatment, thereby treating both dissolved and sorbed contaminant. 

· The time required to treat subsurface pollution using in situ bioremediation can often be faster than pump-and-treat processes. 

· In situ bioremediation often costs less than other remedial options. 

· The areal zone of treatment using bioremediation can be larger than with other remedial technologies because the treatment moves with the plume and can reach areas that would otherwise be inaccessible. 

Limitations of In Situ Bioremediation
· Depending on the particular site, some contaminants may not be completely transformed to innocuous products. 

· If biotransformation halts at an intermediate compound, the intermediate may be more toxic and/or mobile than the parent compound. 

· Some contaminants cannot be biodegraded (i.e., they are recalcitrant). 

· When inappropriately applied, injection wells may become clogged from profuse microbial growth resulting from the addition of nutrients, electron donor, and/or electron acceptor. 

· Accelerated In situ bioremediation is difficult to implement in low-permeability aquifers because advective transport of nutrients is limited. 

· Heavy metals and toxic concentrations of organic compounds may inhibit activity of indigenous microorganisms. 

· In situ bioremediation usually requires an acclimated population of microorganisms which may not develop for recent spills or for recalcitrant compounds. 

Diaz, 2004 Microbial utilization of aromatic compounds

Next to glucosyl residues, the benzene ring is the unit of

chemical structure most widely spread in nature. Moreover,

the thermodynamic stability of the benzene ring increases its

persistence in the environment; 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 [14]. 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

[15 = Parales 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].
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).
“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).
