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Abstract: REPHRASE:

Since the introduction of xenobiotic compounds into the environment has only been for a short period of time, microorganisms have not had long to evolve pathways for their degradation (Parales, 2003). In recent years, increasing effort has been put towards identifying additional features of bacteria that may enhance reates of biodegradation (Parales, 2002). Biodegradation, the degradation of aromatic compounds by environmental organisms is important because they can facilitate the bioremediation of pollute environments as a safe alternative to other physio-chemical methods that are less efficient and cost-ineffective (Pandey, 2002). It is now clear that some flagellated bacteria have specific systems to detect and respond behaviorally to pollutants present in aerobic environments by the process of chemotaxis (Parales, 2002).  The possibility of a role for chemotaxis in biodegradation and bioremediation has been suggested previously (Parales 2002, and cite all the other articles). The possibility of bacterial chemotaxis, the movement under influence of a chemical graditent, of these organisms towards these aromatic compounds is of great interest since it would allow the organisms to locate and degrade the pollutants on their own  by increasing the bioavailability of a pollutant to the bacteria (Pandey, 2002) .  The is aspect of bioremediation has not been receiving as much attention, even though some microorganisms with chemotactic ability towards different xenobiotic compounds have been islotated and characterized ( Pandey, 2002 ; cite all the articles too).
Using various chemotactic assays to determine whether or not BR6020 and PA108 posses chemotactile abilities to certain aromatic compounds. The results were fairly conclusive, with BR6020 displaying no motility period and PA108 showing possible chemotaxis to all the compounds.
Introduction: REPHRASE
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 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.
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.
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).
Currently, capillary tube assays (Leick and Helle, 1983; Adler, 1973 [see parales, 2002]) are the most widely used assays of chemotactic responses, in view of their precision. In the present study, we have developed a capillary tube assay using 96-well microplates, permitting up to 32 assays to be run in each microplate (since each assay uses three wells, with an empty well between each A and B well): if we assume three replicates per assay, this means that up to 10 candidate chemoattractants can be tested simultaneously in a single plate (Parama et al, 2004).
Microplate capillary tube assay:
A 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. Thus one can use the capillary assay to qualitively asses chemotaxis by direct observation ( Parales and Harwood, 2002). The response takes place over 5-30 minutes (verify!!!!!!!!!!!!!!!!!), DOES NOT REQUIRE CELL GROWTH OR ATTRACTANT METABOLISM, and is observed under 40X magnification by dark field (phase contrast ?) microscopy (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).
Materials and Methods: REPHRASE
Preparation of the bacteria

The isolates used were obtained from Dr. Miguel Providenti. They were collected from all across Canada. They were grown, by Dr. Providenti, in minimal media A (MMA) and succinate. The isolates used were BR6020 (Comamonas testosteroni), GB106A (Psuedomonas putida), GB107A (P.putida), GB108 (Psuedomonas sp.), EX110 (Sphingomonas sp.), PA204 (Rhodococcus opacus), GB103 (Variovorax paradoxus), GB102 (V.paradoxus). The identification codes beginning in “BR” were isolated from Bloody Run Creek, Niagra, Ontario; “GB” were isolated from the Green Belt, Ottawa, Ontario; “PA” were isolated from Prince Albert National Park, Saskatchewan.
NEED A CONTROL STRAIN FOR MOTILITY!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ASK MIGUEL!!!!!!!!!!!!!!!!

To determine motility of the isolates by observing a suspension of fresh cells placed in a depression slide and covered over with a coverslip under a phase contrast microscope. 
These isolates, _ , were inoculated  overnight in 20 mL inoculation tubes containing 15mL of MMA and 300uL of carbon source. Concentrations: all are 400mM; except PCA=600mM, Ver=800mM, NaSucc=1000mM, NaPyr=1000mM, NaCitr=1000mM

The isolates were placed in Inoculation tubes containing 15mL of MMA and 300 uL  of a respective carbon source, the concentrations of which are 400mM except PCA=600mM, Ver=800mM, NaSucc=1000mM, NaPyr=1000mM, NaCitr=1000mM

The tubes were mixed well and placed in a 30C water bath shaker overnight for incubation. Once incubated, the bacteria were then prepared for inoculation of the experimental plates.
Compounds to test: m toluic acid, 3,4-dimethoxybenzoic acid (veratrate), 3-methoxy, 4-hydroxybenzoic acid (vanillate), 3-hydroxy, 4-methoxybenzoic acid (isovanillate), Catechol (1-hydroxyphenol I think ;) ), 2,3-Dihdryoxybenzoic acid, 2,4-Dihydroxybenzoic acid, 2,6-Dihydroxybenzoic acid, 3,4-Dihydroxybenzoic acid (Protocatechuate), 3,5-Dihydroxybenzoic acid, Cafeic acid (solid only), Benzoic acid, meta-hydroxybenzoic acid, para-hydroxybenzoic acid, 3-carboxybenzoic acid, o-aminobenzoic acid, Ferulic acid (solid only), Succinate, Glycerol, Citrate.

Materials and Methods: Motility was confirmed wet mount observation under a phase contrast microscope. Simply observe a suspension of fresh cells placed in a depression slide and covered over with a coverslip.
Preparation of the media plates
Swarm Plates:-
Around 20uL MMA 0.32% agar 200uL of each carbon source 5mL of LB (1% NaCl, 1% tryptophan, 01% Yeast Extract pH~7.5) 5/20=1/4 dilution
For the experiment _ % w/v "swarm" agar. The agar was prepared using 600mL of Minimal Media a and _ g of bacto-agar. 
200 uL of each carbon source (5ml for LB) was placed in the center of their resptective sterile Petri plates and approximately 20 mL of the autoclaved agar medium was poured on each Petri dish, directly on top of the drop of the carbon source and each plate was gently mixed by moving it in a circular motion on a flat surface. This generated agar where the chemicals would be displaced in a roughly 4mM concentration. The control plate was the only plate containing only the agar medium, ensuring that the bacteria are not degrading the agar or chemotaxing towards other compounds within it. A total of 43 plates where made.
_uL of each compound was placed in the center of their respective sterile Petri plate and approximately _mL of the autoclaved agar was poured on each Petri dish, directly on the drop of aromatic compound and each plate was mixed by gently moving it in a circular motion over a flat surface. This generated agar where the chemicals would be spread out in approximately _mM concentration. The negative control plate was the only plate containing only the agar medium, ensuring no bacteria are degrading the agar or chemotaxing towards another compound within the agar.

100uL of the inoculated bacteria solution was poured into cuvette for Photometer for Optical Density reading. The rest 15mL of overnight inoculated bacteria was Spun down at 6Krpm for 10 min. after discarding the supernatant the pellet was initially resuspended in 100uL portions for each plate which was amended to 25uL of MMA later in the experiment. 
see notes
The microplate capillary assay used for investigation

of the chemotactic responses of P. dicentrarchi is

shown schematically in Fig. 1. The assay was performed

in sterile 96-well flat-bottomed plates (Sterilin,

England), using a capillary tube with inverted U

shape (total length 34 mm internal section 1 mm,

thus total internal volume 27 Al) to connect two wells

containing A) 200 Al of a trophozoite suspension at

6_104 trophozoites per ml and B) 200 Al of a

solution or suspension of the candidate chemoattractant

(see Fig. 1). First, the capillary tubes were

positioned in the microtitration plate; then the B

wells were filled (200 Al), so that the tubes filled

by capillary action; finally the A wells were filled

(200 Al). Note that the capillary tube lies across an

empty intervening well that has no functional importance

in the assay. After incubation at 20 jC under

5% CO2, viability was evaluated on the basis of

ciliate motility using an inverted microscope with

phase-contrast illumination. Viable trophozoites present

inside the tubes and in the B wells were fixed

with 1% glutaraldehyde, and the number of cells was

determined using a Neubauer haemocytometer.

Results:
Inoculation Tubes:-
15mL of MMA and 300uL of carbon source.

Concentrations: all are 400mM; except PCA=600mM, Ver=800mM, NaSucc=1000mM, NaPyr=1000mM, NaCitr=1000mM

The isolates were placed in Inoculation tubes containing 15mL of MMA and 300 uL  of a respective carbon source, the concentrations of which are 400mM except PCA=600mM, Ver=800mM, NaSucc=1000mM, NaPyr=1000mM, NaCitr=1000mM

Swarm Plates:-
Around 20uL MMA 0.32% agar 200uL of each carbon source 5mL of LB (1% NaCl, 1% tryptophan, 01% Yeast Extract pH~7.5) 5/20=1/4 dilution
31/05/04
No inoculation performed because of poor BR620 growth, retry with fresh MMA take 0.5mL from previous inoculation tubes resuspend into new 15mL tubes w/ 300uL Carbon Source. For Gen and PCA only add 150uL

Inoculate PVA w/ o-HB and Citr w/ Succ

Benz w/ Succ and o-ABA w/ Succ

1/06/04

Spin down: 6Krpm for 10 min, pour 100uL into cuvette for Photometer for Optical Density reading.
Absorbances:-

Succ=0.68, Ivan=0.538, PCA=0.683, p-HB=0.222, 4-SBA=0.211
Resuspend into 200uL MMA

For Succ use 3 plates (Succ, Succ control and LB plate) therefore 200/3~65uL inoculated into each plate. For every other compound divide 2 plates (200/2 = 100uL).
Pictures: 1=Ivan control, 2 =Ivan, 3=NaSucc, 4 = Succ control, 5 = LB
Seems that 200uL is too much because the 100uL inoculation ran over, try resuspending 50uL MMA (25 uL per plate inoculation)

New OD’s @ 3:49Pm:

4-SBA=0.259, p-HB=0.36, PCA=0.783

Pictures cont’d:

6=PCA, 7=PCA cont, 8=4SBA, 9=4-SBA cont, 10=p-HB, 11=p-HB cont

02/06/04

More Pictures:- 12=Ivan cont, 13=Ivan, 14=NaSucc, 15=NaSucc cont, 16=LB, 17=PCA, 18=PCA cont, 19=4-SBA, 20=4-SBA cont, 21=p-HB, 22=p-HB cont.
OD’s @ 11:35

m-HB=0.432, NaCitr=0.883, m-PHTH=0.562, Van=0.592, p-PHTH=0.526, NaPyr=0.175, o-ABA supernatant = 0.419 = blank, o-ABA=0.456, Gen=0.26

Inoculated plates @ 12:48 Pictures

23=o-ABA, 24=o-ABA cont, 25=PHTH, 26=PHTH cont, 27=m-PHTH, 28=m-PHTH cont, 29=VAN, 30=VAN cont, 31=NaCitr, 32=NaCitr cont, 33=m-HB, 34=m-HB cont.
OD’s @ 3:30

GEN=(0.397) 0.169 used H2O blank and got 0.576, NaPyr=0.167

Pictures @ 4pm

NaPyr=35, 36=NaPyr cont, 37=GEN, 38=GEN cont

07/06/04
Redo, use o-PHTH and grow o/n (overnight) on Succ

08/06/04

Inoc not turbid enough

09/06/04

OD=0.566 for the Succ, inoculated @ 12am

10/06/04

Great o/n growth, take OD’s @ 9:45

Benz=0.026, m-HB= 0.527, p-HB= 0.74, o-PHTH=0.097, IVAN=0.144, p-PHTH= 0.559, m-PHTH= 0.582, VAN= 0.181, VER= 0.043, 4-SBA=0.028, NaSucc=0.831, NaPyr=0.192, NaCitr=0.044, PCA=(0.485) 0.344, GEN= (0.457) 0.309, o-ABA= 0.033
Resuspend in 25uL MMA inoc w/ 125uL(except m-HB)
@ 12 

GEN=39, PCA=40, m-HB=41, p-HB=42, p-PHTH=43, m-PHTH=44, Succ=45, LB=46

Bunch of pages with pics etc….
21/06/04
OD of BR620 good, inoc 12.5uL for each plate

30/06/04

Ambigious results

Look up possible shearing of bacteria and alternate assay (see labbook for Journal cites)

06/07/04

Start over; observe for motility of strains under phase contrast microscope

	
	BR6020
	106A
	107A
	108SO
	102
	103
	110
	PA204

	Motility
	-
	+
	+
	+
	-
	-
	-
	-


Subcultures inoced @ 1:30
Grew strains statically using 20mM Succ; LB @ 30C in 1mL inoc tubes

Checked @ 4:41 same motility results but motile species are more energetic.

7/7/04

Seems to be a dirct correlation of motility of specires and the degree of turbidity in the static tubes. 

106, 107, 108 and BR620 were the turbidier ones.

A white film was formed in the 106, 107 and a bit in 108 as well thiese tubes had bigger deposits at the bottom.

PA had a film along the bottom of its tube it seemed the non-motile sp had more film

	
	LB top motility
	Succ Top
	Succ Bottom
	LB bottom

	107
	+
	+
	+
	-

	106
	+
	+
	+
	++

	BR620
	+/-
	-
	-
	-

	110
	+
	-
	-
	-

	108
	+
	+
	+
	++/-

	103
	-
	-
	-
	-

	PA
	-
	-
	-
	-

	102
	-
	-
	-
	-


concerning the BR6020 plates no spreading of the bacteria from the inoculation point was seen. The PA 106, 107 and 108 had various different spreads with 108 having the most prominent.
13/7/04
Took inoced LB cultures of 106, 107 and 108 and inoced plates @ ~ 4:30



14/7/04

Examined plates @ 1-1:30

20/7/04

Reproduce omitting LB and using induced cultures

21/7/04

Spun down using 1600G

Inoced new tubes and also swarm plates

26/7/04

New series using thicker plates w/ 400uL per comp’d and wells made by p1000 tip.
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Fig. 1. Schematic representation of the microplate capillary assay used to study chemotaxis of P dicentrarchi trophozoites. Each individual
assay used three wells: well A containing 200 pl of ciliate suspension, well B confaining 200 pl of the chemoattractant solution or suspension,
and a third well left empty, between A and B. Wells A and B were linked by a U-shaped capillary tube allowing migration of the ciliates.




Discussion: REPHRASE
the tactic responses to benzoate and toluates are induced by B-ketoadipate (Harwood, 1984).

The motility of all the isolates was needed to be determined because if the isolates are unable to move by themselves they would not be albe to move through the swarm plate and would not be able to chemotax. A non-motile isolate was chosen to be the control because, since it was non-motile, it should not be able to chemotax. The other motile isolates were chosen to be further tested because they would be the only organisms having the potential to chemotax. Succinate (and others?) were used as the negative control since it is not an aromatic compound. 
Chemotaxis in a swarm plate is represented by a ring of growth that has radiated out from the inoculation site. As can be seen on the plates, in Figures _, 

BR6020 tho possessing cilliates did not exhibit and chemotaxis ... or any motility for that matter. PA108, as can be observed in Table had an exceptional motility.
Bacteria of the Comamonas genus are straight or slightly curved rods. They are motile resulting from a tuft of polar flagella. They are Gram negative, aerobic, non-fermentative, and chemoorganotrophic. They show good growth on media containing organic acids, amino acids, or peptone (Halt, et al., 1994). Bacteria of the Psuedomonas genus are also straight or slightly curved rods and are non-helical. Most have motility, which occurs due to one or several polar flagella.
In the present

study, we have developed a capillary tube assay using

96-well microplates, permitting up to 32 assays to be

run in each microplate (since each assay uses three

wells, with an empty well between each A and B

well): if we assume three replicates per assay, this

means that up to 10 candidate chemoattractants can be

tested simultaneously in a single plate. 

Reported optimal incubation time in assays of this

type has ranged from 15 to 20 min (Ko¨hidai et al.,

1994; Ko¨hidai et al., 1997; Ko¨hidai and Csaba, 1998;

Ko¨hidai et al., 2000) to 1h (zavalskii, 2003) and then 2–3 h (Leick and Helle, 1983;

Leick and Hellung-Larsen, 1985); in the present study

we found the optimal incubation time to be 3–4 h.

Future research … see Parales and Harwood 2002!!!!!!!!!!!!!!!!!!!!!!!
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