Page 21 of 21

ASM CUE 2007 Try Something New Workshop

Microbial Ecology: Opportunities for Inquiry-Based Learning
Presenters: 

Hank Edenborn, Ph.D.
Geosciences Division

National Energy Technology Laboratory

U.S. Department of Energy, Pittsburgh, PA  15236 

Harry.Edenborn@NETL.DOE.GOV

Hank Edenborn is an environmental microbiologist with a Ph.D. from Rutgers University. He works at the U.S. Department of Energy's National Energy Technology Laboratory in Pittsburgh, PA. His current research interests include the microbial ecology and bioremediation of industrially-contaminated soils and sediments; the role of lichens, bryophytes, and higher plants as habitats for bacteria; and the microbial diversity of unusual natural environments found within the state of Pennsylvania.

Mary Mulcahy, Ph.D. 

Biology Program & Allegheny Institute of Natural History

University of Pittsburgh at Bradford, Bradford, PA  16701

mnp1@exchange.upb.pitt.edu Or biology@upb.pitt.edu
(814)362-0259


Mary Mulcahy is an associate professor of biology at Pitt-Bradford (located about a 90 minute drive south of Buffalo).  She received her Ph.D. from the University of Missouri at Columbia, and her research interests are in the area of plant-animal interactions and plant mating systems.  Mary uses this lab exercise in a sophomore level ecology and evolution course.  Mary is particularly interested in developing labs that encourage student creativity and critical thinking skills.

ELECTRONIC COPIES OF THE HANDOUTS AND 

OF OTHER MATERIALS ARE AVAILABLE AT THE FOLLOWING WEBSITE:

http://www.pitt.edu/~mnp1/microbial_ecology.htm
[image: image1.jpg]T LoowinG
TR, BURIED

VT RAE
U FND?

& FEn DR Rocis, | [ oo
A WEIRD ROOT, MG || FIRST TRY?>
SOME DISSUSTING.

THERE'S TREASIRE
EVERNWHERE /





Released on: Saturday, Jun 3rd 1995.

Images copyright Bill Watterson and Universal Press Syndicate. 

[image: image2.jpg]~peychrophile

OHY

hatophile

mesophike





Taken from:  http://www.ifmb-a.uni-bonn.de/extremophile.jpg
	Table of Contents
	Page

	Workshop Introduction
	3

	Introduction for Students
This introduction is for the students with  little exposure to microbiology, and we recommend a more sophisticated introduction for more advanced classes.
	4

	Suggested Pre-lab Homework Assignment for Students:  

Practice Scoring EcoPlates
	5

	Suggested Format for Student Lab Exercise:

Design your own Experiment 

Data Summary Sheet
	9
10

	Key to Student Homework
	11

	Notes for Instructors

Materials Needed for Lab using Genuine EcoPlates

Recipe for Faux EcoPlates 

Instructions for Students on How to Inoculate Genuine EcoPlates
	13
13
14

	Sample Data and Analysis
	17

	Useful References and Links
	21


Workshop Introduction


Microbial ecology studies provide excellent opportunities for open-ended, inquiry-based learning in the classroom. In this workshop, we will demonstrate a laboratory exercise in which students generate hypotheses about microbial ecology and then test them using "EcoPlates," multiwell test plates that allow rapid determination of the metabolic capabilities of a bacterial population without tedious and time-consuming reagent preparation by the instructor. After inoculation with a suspension of bacteria washed from a soil or plant sample, the incubated plate returns a unique set of positive (purple) and negative (clear) reactions that allows students to assess whether or not two samples contain similar or dissimilar bacterial populations. Our experience is that students enjoy developing their own experiments using these plates, and that the exercise is particularly useful in illustrating physiological diversity of microbial populations while also involving students in the exciting process of developing their own scientific hypotheses.

*This introduction is designed for students who have never taken a microbiology class, and although I have not provided one here, I recommend a more sophisticated introduction for students in more advanced classes.  Mary Mulcahy 
Introduction for Beginning Students*

Distinguishing Among Bacteria Using Metabolic Capabilities


How do you tell one bacterial species from another?  How can you tell whether a person is sick with Streptococcus pneumoniae  or Staphylococcus aureus?  Most of us are familiar with identifying vertebrate species and plants based on morphological features.  However, bacteria vary relatively little in their morphological features.  Bacterial species can be lumped into groups based on the shape of the cells (rod-shaped, coccoid, chains of cells, etc.), sometimes colony color, and sometimes colony appearance (is the edge of the bacterial colony wavy or smooth, for example), but these physical features are rarely sufficient to fully classify bacteria to species.  


Despite the lack of morphologically variable features, bacterial species certainly do vary from one another; rather than morphological features, the wealth of features that distinguish bacteria are biochemical.  Some biochemical features that distinguish bacteria are contained within the structure of the cells themselves.   In the 1800’s, a Danish research Hans Christian Gram discovered that crystal violet will stain some bacterial strains but not others.  Today, Gram’s stain continues to be one of the most commonly used methods of separating bacteria.  Gram-positive bacteria tend to have more peptidoglycan than Gram-negative, and stain more darkly and more permanently than the Gram-negative bacteria.  Many human pathogens are Gram-negative bacteria, and their ability to cause disease appears to be related to their cell walls and to the presence of endotoxins there.

Bacterial species also differ in what they are able to eat, which is another biochemical source of variation since it is biochemical enzymes that determine what types of compounds bacteria can digest.  Substances that bacteria can eat or can be grown on are sometimes called “substrates”.  Today, we will use a test plate produced by Biolog, Inc. to study variation in biochemistry (specifically metabolic capabilities) within and among different bacterial communities.  Every community of bacteria has a characteristic set of carbon sources that can be used by the bacteria within that community and has a characteristics set of carbon sources which are not usable by any member of that community.  That pattern of what substrates or carbon sources can and can not be used can be considered a metabolic “fingerprint”.  We will be comparing the fingerprints of different communities, and you will have the task of developing a specific question to ask.
The EcoPlates that we use today are intended for microbial ecologists, but the same company (Biolog, Inc.) makes very similar test plates called “Gram-Negative Plates” and “Gram-Positive Plates,” that can be read by a spectrophotometer and have more clinical applications.   These GN and GP-plate systems may actually make it into the clinical medical setting and are already being used in research.  
Community-Level Physiological Profiling (CLPP)

Each species of bacteria has a specific set of carbon compounds that can and can not be used for energy.  In fact, this set of compounds is usually unique at the species level with a limited amount of variability (some mutants of particular species will “lose” the ability to use a carbon source, but rarely will a mutant “gain” the ability to use a brand new carbon source that is not used by other wild-type members of that species).  Likewise, each community of bacteria (all the bacterial species that live in one particular area) also have a specific set of  other carbon sources that can and can not be used for energy.  Describing that pattern of carbon-usage is called “community-level physiological profiling (CLPP)”.    


Each group has been provided with 7 EcoPlates. Your group is asked to develop a question about bacterial communities found in different natural environments using these EcoPlates.  Your experiment may be quantitative and take samples at six levels of a known factor (and therefore use regression or correlation analysis) or your experiment may be qualitative and compare two or three discrete groups.   You will use the 7th plate as a control.  Before you begin developing your question, please practice scoring the EcoPlates.

Suggested Homework for Students:  Practice Scoring EcoPlates
Learning to Score An EcoPlate
Fig. 1 shows the layout of carbon substrates on our EcoPlates.  Each substrate (carbon source) has been given a unique number.  Referring to Table 2, you can see which substrate (carbon source) is found in each of the wells.  For example, substrate #10 is i-Erythritol.  Like all the substrates here, i-Erythritol is found three times on the EcoPlate. It is found in the following wells:  C2, C6, and C10.

[image: image3.jpg]



Fig. 1.  A drawing of an EcoPlate in which the circles are wells.  A single substrate and a dye is present in each well.  The substrate is a unique carbon source that can be used as energy by the bacteria  The numbers inside the circles each correspond to a particular substrate.  Please refer to Table 2 to determine what substrate corresponds to what number.

Prior to beginning your experiment, please practice scoring the EcoPlates.  There are three main calculations that you should be able to do and to understand:
% Functional Diversity = 100 *  number of positive (purple/pink) carbon source wells




                 Total number of carbon source wells (31)

This value varies from 0 to 100% with 0 being low diversity and 100% being highly diverse.


You will need to report the inconsistency found within each sample.  

% Variation of Results within Sample =   100* i/31

i = the number of carbon sources in which the three replicates were not ALL positive or ALL negative. On Table 2,  i = sum of everywhere there is a 1 or 2 (but not 3 or 0)
% Similarity (SSM) =   
100*
        a + d_______




                  a  +   b  +  c +  d



*Please note that water is not a carbon source.




a = Number of carbon sources used by both sample A and sample B





b = Number of carbon sources used by Sample B but not by Sample A





c = Number of carbon sources used by Sample A but not by Sample B






d = Number of carbon sources not used by bacteria in either sample



If the two samples give identical “fingerprints” on the EcoPlates, Ssm will be 100.  If the 


two samples give exactly opposite “fingerprints”, the value will be 0.  
Please score EcoPlates 1, 2, & 3 by filling in table 1 on page 6.
The shaded wells are the ones that turned pink or purple. 
Sample EcoPlate #1
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Sample EcoPlate #2
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Sample EcoPlate #3
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Table 1. Sample Plate #1 is already scored for you as an example.  You need to score sample plates 2 and 3.  Place a zero in the cell table if none of the three replicates turned pink or purple.   Place a 1 in the table if ONE of the three replicates turned pink or purple.  Place a 2 in the table if TWO of the three replicates turn pink or purple, and place a 3 in if all three replicates are positive (pink or purple). 
	 
	
	Sample
	Sample
	Sample

	Substrate Name
	Substrate  #
	Plate #1
	Plate #2
	Plate #3

	Water
	1
	0
	
	

	β-Methyl-D-Glucoside
	2
	0
	
	

	D-Galactonic Acid γ-Lactone
	3
	2
	
	

	L-Arginine
	4
	0
	
	

	Pyruvic Acid Methyl Ester
	5
	0
	
	

	D-Xylose
	6
	0
	
	

	D-Galacturonic Acid
	7
	0
	
	

	L-Asparagine
	8
	0
	
	

	Tween 40
	9
	0
	
	

	i-Erythritol
	10
	0
	
	

	2-Hydroxy Benzoic Acid
	11
	0
	
	

	L-Phenylalanine
	12
	0
	
	

	Tween 80
	13
	0
	
	

	D-Mannitol
	14
	0
	
	

	4-Hydroxy Benzoic Acid
	15
	0
	
	

	L-Serine
	16
	3
	
	

	α-Cyclodextrin
	17
	0
	
	

	N-Acetyl-D-Glucosamine
	18
	0
	
	

	γ-Hydroxybutyric Acid
	19
	0
	
	

	L-Threonine
	20
	0
	
	

	Glycogen
	21
	0
	
	

	D-Glucosaminic Acid
	22
	3
	
	

	Itaconic Acid
	23
	3
	
	

	Glycyl-L Glutamic Acid
	24
	0
	
	

	D-Cellobiose
	25
	3
	
	

	Glucose-1-Phosphate
	26
	0
	
	

	α-Ketobutyric Acid
	27
	0
	
	

	Phenylethylamine
	28
	0
	
	

	α-D-Lactose
	29
	0
	
	

	D,L-α-Glycerol Phosphate
	30
	0
	
	

	D-Malic Acid
	31
	0
	
	

	Putrescine
	32
	2
	
	

	Total # of substrates used
	
	6
	
	

	% Functional Diversity
	
	19.35%
	
	

	% Variation of Results within Sample
	
	6.45%
	
	


Please Answer the Following Questions:
(1 pt) Question 1:  How many different carbon substrates are there on the EcoPlate? ______
(1 pt) Question 2:  What is the name of the carbon substrate designated number 15?  __________________ (1 pt) 
Question 3:  Using the letter to designate the row and numbers to designate column, list the wells containing substrate #15.  (For example, i-Erythritol is found in C2, C6, and C10.)_________________
(1 pt) Question 4:  What is the control substrate in this plate? _______________Should the control wells turn pink?  ____________________________
(1 pt) Question 5:  Using the letter to designate the row and numbers to designate column, list the wells containing the control. __________________

 (1 pt) Table 2. Please fill in the information in this table based on your calculations

	Sample Plate
	Functional Diversity
	% Variation of Results

	2
	
	

	3
	
	


(1 pt) Table 3.  Please fill in the information on this table based on your calculations.
	
	Percent Similarity

	
	Sample Plate 1
	Sample Plate 2
	Sample Plate 3

	Sample Plate 1
	
	
	

	Sample Plate 2
	
	
	

	Sample Plate 3
	
	
	


 (1 pt) Question 6:  Please use Table 3 to answer this question.  These three plates came from the following sources:

Bacterial wash from the unwashed left hand of Joe Smith

Bacterial wash from the unwashed right hand of Joe Smith

Bacterial wash from the unwashed left hand of Jane Doe.

Based on Table 3, propose a hypothesis for which plate contains the bacterial community of Jane Doe’s 
hand.  Please explain your reasoning._______________________________________________
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

Suggested Format for Student Lab Exercise:  Design your own Experiment 
You have been provided with 7 EcoPlates. Please develop a question about bacterial communities found in different natural environments that you could investigate using these plates.  The EcoPlate plates will give you a “metabolic fingerprint” of a particular community and the question that you choose to ask will probably be one of the following three types:

1)  Spatial comparison:   “Is the bacterial community found here the same as the one found there?” 

2)  Temporal comparison:  “Is the bacterial community the same now as it will be later?”

3) Manipulative experiment:  “Does the bacterial community change when something is added to or taken away from its habitat?” or  “Does the bacterial community change when this environmental condition is altered?”


Your experiment may be quantitative and take samples at six levels of a known factor (and therefore use regression or correlation analysis) or your experiment may be qualitative and compare two or three discrete groups.

Prepare a Brief Proposal
* In my classes I do not use this form, but rather provide students to turn in a proposal written in a particular format.  The answers below make up much of  the content of my proposal but the format of the proposal.  Mary Mulcahy
Please fill in the following information:
1.  What specific question has your group decided to ask?

2.  Briefly, in a few sentences, please state why this is an important question.

3.  Please state your null hypothesis.

4.  Briefly describe the methods you will use to obtain your samples.  (Note there is no need to describe how the EcoPlates will be inoculated.  Rather, if you are collecting soil, for example, how will you gather that soil and from where?  Will you use randomization at all?  How many samples will you collect?)
5.  What results do you expect, and why?
Data Summary Sheet
Please fill in the information on your six EcoPlates (your 7th plate should be used as a control).

EcoPlate #1 Description: _________________
EcoPlate #2 Description: _______________
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EcoPlate #3 Description: _________________
EcoPlate #4 Description: _______________
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EcoPlate #5 Description: _________________
EcoPlate #6 Description: _______________
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Control Plate #7:
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Key to Student Homework
Table 1. Key.
	 
	
	Sample
	Sample
	Sample

	Substrate Name
	Substrate  #
	Plate #1
	Plate #2
	Plate #3

	Water
	1
	0
	0
	0

	β-Methyl-D-Glucoside
	2
	0
	0
	3

	D-Galactonic Acid γ-Lactone
	3
	2
	2
	0

	L-Arginine
	4
	0
	0
	2

	Pyruvic Acid Methyl Ester
	5
	0
	0
	0

	D-Xylose
	6
	0
	0
	0

	D-Galacturonic Acid
	7
	0
	0
	3

	L-Asparagine
	8
	0
	0
	3

	Tween 40
	9
	0
	3
	3

	i-Erythritol
	10
	0
	2
	0

	2-Hydroxy Benzoic Acid
	11
	0
	0
	3

	L-Phenylalanine
	12
	0
	0
	2

	Tween 80
	13
	0
	0
	0

	D-Mannitol
	14
	0
	3
	3

	4-Hydroxy Benzoic Acid
	15
	0
	3
	0

	L-Serine
	16
	3
	3
	0

	α-Cyclodextrin
	17
	0
	0
	0

	N-Acetyl-D-Glucosamine
	18
	0
	0
	0

	γ-Hydroxybutyric Acid
	19
	0
	0
	0

	L-Threonine
	20
	0
	0
	2

	Glycogen
	21
	0
	0
	0

	D-Glucosaminic Acid
	22
	3
	3
	0

	Itaconic Acid
	23
	3
	3
	3

	Glycyl-L Glutamic Acid
	24
	0
	0
	0

	D-Cellobiose
	25
	3
	3
	0

	Glucose-1-Phosphate
	26
	0
	0
	0

	α-Ketobutyric Acid
	27
	0
	0
	3

	Phenylethylamine
	28
	0
	0
	3

	α-D-Lactose
	29
	0
	0
	3

	D,L-α-Glycerol Phosphate
	30
	0
	0
	3

	D-Malic Acid
	31
	0
	0
	0

	Putrescine
	32
	2
	2
	0

	Total # of substrates used
	
	6
	10
	14

	% Functional Diversity
	
	19.35%
	32.26%
	45.16%

	% Variation of Results within Sample
	
	6.45%
	9.68%
	9.68%


Please Answer the Following Questions:

(1 pt) Question 1:  How many different carbon substrates are there on the EcoPlate? __31____
(1 pt) Question 2:  What is the name of the carbon substrate designated number 15? _4-Hydroxy Benzoic Acid_
(1 pt) Question 3:  Using the letter to designate the row and numbers to designate column, list the wells containing substrate #15.  (For example, i-Erythritol is found in C2, C6, and C10.) D3, D7, D11_
(1 pt) Question 4:  What is the control substrate in this plate?  __water______ Should the control wells turn pink?  ___No (organisms can not use water for energy & the tetrazolium dye will only change color if the bacteria can metabolize the substrate.)_____
(1 pt) Question 5:  Using the letter to designate the row and numbers to designate column, list the wells containing the control. __A1, A5, A9__
(1 pt) Table 2. Please fill in the information in this table based on your calculations

	Sample Plate
	Functional Diversity
	% Variation of Results

	2
	32.26%
	9.68%

	3
	45.16%
	9.68%


(1 pt) Table 3.  Please fill in the information on this table based on your calculations.
	
	Percent Similarity

	
	Sample Plate 1
	Sample Plate 2
	Sample Plate 3

	Sample Plate 1
	100
	
	

	Sample Plate 2
	87%
	100
	

	Sample Plate 3
	42%
	42%
	100


1 compared to 2: a=6,b=4,c=0,d=21; 2 compared to 3: a=3,b=11, c=7,d=10; 1 to 3:  a=1,b=13,c=5,d=12

(1 pt) Question 6:  Please use Table 3 to answer this question.  These three plates came from the following sources:

Bacterial wash from the unwashed left hand of Joe Smith

Bacterial wash from the unwashed right hand of Joe Smith

Bacterial wash from the unwashed left hand of Jane Doe.

Based on Table 3, propose a hypothesis for which plate contains the bacterial community of Jane Doe’s 

hand.  Please explain your reasoning.____Based on the % similarity calculation, sample plates 1 and 2 are the most similar (the bacterial community is 87% similar between 1 &2).  We would expect that Joe would have similar bacteria on both his hands and so Sample Plates 1 and 2 are probably both from Joe Smith.  Jane Doe would be the wash contained in sample plate #3.
Notes for Instructors

Materials Needed for Lab Using Genuine EcoPlates
1.  Multichannel any brand 8-well pipette


2.  Sterile pipette tips if you are using a non-disposable multichannel pipette.  Each group project will need at least 8 sterilized tips per EcoPlate, but mistakes happen, and it is wiser to have 16 tips per plate.  Ideally, have a sterilized box of pipette tips all full and ready to use for each group project.

3.  Sterile Centrifuge Tubes  05-526B (FisherSci) 50 ml with graduations marked or sterilized lidded glassware.  These are going to be vortexed so should be size appropriate for vortexing.  Each group project will require about 4 sterilized tubes/vials per EcoPlate (& 4*6=24 per group; vial is not really necessary for the control plate) but extras may be handy.  Six of these tubes/vials will be used to collect the soil or leaves. The remaining tubes are used to complete the serial dilution.  For the control plate, pure PBS buffer is needed, and it may be handy to have an additional tube available to dispense it into.
4.  Biolog EcoPlates (approximately $10/ plate)

5.  Sterile PBS solution (see recipe in methods section).  Each student group may need 100 ml of buffer per sample collected and EcoPlate inoculated, and therefore, for 6 EcoPlates plus a control plate, it is not unreasonable to have 1 L of PBS available for each group.   This solution can be made in a 2 L volumetric flask, autoclaved and left to cool overnight.  Again, schools without autoclaves can still do this lab.  They can use whatever sterilization techniques are available to them, and the control plate will allow students to see how failure to sterilize the buffer might affect their results
Recipe for PBS:

8.5 gm NaCl

0.3 gm KH2PO4
1.12 gm Na2HPO4.7H2O

Filled to 1L with distilled H2O   &   pH 6.8

This solution should be sterilized before use (autoclave or filter-sterilization is recommended).

6.  Troughs or sterile Petri dishes for transferring buffer to EcoPlate.  Each group project will require one half of a Petri dish per EcoPlate, and therefore 7 halves for 7 EcoPlates.  Students can be provided with disposable sterile dishes or autoclaved glass Petri dishes or unsterile clean dishes if sterilization is a problem.  
7.  Scoopulas or spatulas (6 per group is ideal – again no needed for the control plate). If desired, the spatulas can be sterilized before-hand.
8.  Scale to weigh samples which will be roughly 5 g.
9.  Ziplock bags (large or small are fine; more are needed if small are purchased) & paper towels to put into the bags to keep the plates humid while they incubate.
Recipe for Faux EcoPlates

Fake EcoPlates (such as used in this workshop) are made with  1% phenolphthalein (w/v) in ethanol.  Put 25 ul per well and allowed to dry.  The"PBS" is 0.1 M Na2CO3 in deionized water (10.6 g/L).
Instructions for Students on How Inoculate Genuine EcoPlates

1.  Collect your sample. It is essential that you do not contaminate your sample with bacteria from your hands or other places.  Sterile test tubes with lids are provided, and if at all possible, you should collect your samples directly into these sterile tubes without any utensils.  To avoid contamination by unwanted bacteria here are a few tips:


Do not touch the soil or plant that you plan to sample with your hands or fingers.


Do not choose samples from soil or plants that you think someone has touched.


Do not breathe or sneeze on your samples or into your tubes.


Do not leave your sterile tubes uncapped and open for airborne bacteria to enter.


Continue to use sterile techniques when diluting your sample in step #2.

If you will need to take your samples with forceps or other tools in order to get the sample into the sterile tubes, please talk to your instructor about a suitable disinfection procedure for your tools. Several grams per sample should be more than enough for the next step. 

2.  After you have taken your samples to the lab, you will need to dilute them in sterile "phosphate buffered saline" or PBS. Mix your sample in sterile PBS in a set dilution (wt/vol) so that you dislodge the bacteria into the solution (Fig. 2).   To get good results from your EcoPlate, you don't want too many or too few bacteria, just the "right" number. You will have to guess to a certain extent at your dilution, depending on what is being sampled.  In our experience, you want to dilute the sample until it is barely turbid (barely cloudy). This is often a 10-3 weight/weight dilution for soil (1 g of soil/1000 g final solution, where we assume that each ml of PBS is approximately 1 g).  For plant matter, a dilution of 10-2 (1 g of plant matter/100 g final solution) is probably better.  For each sample, you put the sterile tube or the cap to the sterile tube on the scale and tare it (or use clean weigh boats or weigh paper will work as well).  Then you add sample to the tube (or to the cap) using a sterilized utensil so that you have less than 4 g of soil.  Fill your tube with 9x as much ml. Since each ml is approximately 1g, you have just made 1/10 or 10-1 dilution.  Vortex this original dilution at high speed (or shake thoroughly) for 1 minute.  Using 3ml of the 10-1 dilution and 27ml of the pure PBS, create 30 ml of a 10-2 solution in a new sterile tube.  To obtain the final dilution, take 3ml of the 10-2 solution and add 27ml of pure PBS.  See Figure 2 for a summary of the dilution procedure.  You will ultimately need 100 ul of solution per well and at least 10 ml of diluted sample per plate, and 30 ml is a handy amount.  If you find that your solution is too cloudy after mixing it, you will want to dilute the sample further with the buffer.  Keep track of how diluted your final sample is and include this information in your laboratory report.  
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Fig. 2.  Summary of steps to create the appropriate concentration.  The dilution series is created in order to achieve a final concentration of 1g of soil / 1000 g of final solution. The weight/weight dilution factors are commonly used in microbiology. 

3.  For each vial/flask of buffer diluted sample, pour the fluid into either the bottom half or the top half of a sterile Petri dish.  Using the multichannel pipette, add 100 ul of the plate wash suspension to inoculate each well in the EcoPlate.  In order to learn the technique, the entire class will watch a demonstration of the inoculation of a plate.  Try to avoid touching the sides or bottom of the wells with the pipette tips.  If possible, hold the tips just above the well to release the liquid and do not rest the pipette tips on any part of the EcoPlate.

4.  Place your plates in a plastic bag and incubate them at room temperature. A small piece of moistened paper towel inside the bag will help to maintain a constant high level of humidity and avoid evaporation from the wells. You will need to check your plate daily and fill out a data sheet showing which wells give a positive reaction (purple color) daily.  It usually takes about 4 days for most of the positive wells to change color.  Students should be cautious to keep the plates horizontal (flat) and not tip the plates while examining them today or subsequent days.

5.  Data Collection 


For experiments that are not examining a microbial community over time, you should inoculate all your EcoPlates in the same lab period and then examine them every day until the color begins to change.  Record the “metabolic fingerprint” for each plate on the first day of color change and for three subsequent days.  A sample data sheet is provided at the end of this handout that you can photocopy.  You should mark down which wells were purple and which wells were not purple on the datasheet. 


After recording the data, go back and look through the data sheets.   Was there a day on which the plates appeared to stop changing color and, if so, were there some positive and some negative wells on those days or were all the wells positive?  Use only the data from the particular day on which the color changes appeared to have ceased.  For example, if day 4 showed the fewest *additional* purple wells, then you should use the data for day 4 for ALL your plates.  If all your wells ultimately showed positive purple results, speak to your instructor. 

Questions to Consider


All technology has its limitations, and EcoPlates are no exception.  As you analyze your results please consider the following questions:

1.  How might temperature affect your results?  Do all bacteria grow equally well at room temperature?  How are we influencing the results by incubating the EcoPlate at room temperature?

2.  How might the pH of the PBS buffer affect your results?  Do you think you might get a different fingerprint for a community depending on the pH of the PBS buffer you use?  Do you think you might get different results for a single pure bacterial species depending on the pH of the buffer used?

3.  Could antagonistic interactions between bacteria in your sample affect the pattern on EcoPlates?

4.  What if protists exist in your sample; could they affect the EcoPlate patterns?  What about fungi?

5.  If you accidentally touched the wells during pipetting into the first 8 wells and then continued to pipette into the remaining wells with the same tips, how might this affect your results?

6.  How could you test whether your PBS buffer was sterile?

7.  What is wrong with assuming that the number of purple wells on the EcoPlate corresponds to species diversity?

8.  For microbes, do you think that species diversity or physiological functional diversity is more important ecologically?  Defend your answer.

9.  If your sample includes bacterial species A, B, and C, but there are many more of bacterial species A, how would this affect the results?  How might the pattern on the EcoPlate differ from a sample that contained A, B & C in equal amounts?

10.  Could the sample suspension that you inoculated have additional metabolizable organic material (e.g. dissolved sugars) in it?  If your bacterial suspension contained dissolved sugars, how might this affect your results?

11.  What happens to the bacterial population inside a well after a well is inoculated? Do things stay the same, do all components of the population increase at the same rate, and can all organic compounds be metabolized easily or are some more labile and others more recalcitrant?
Sample Data and Analysis

Example of a Student Project

In the Allegheny National Forest near Bradford, PA, drilling for oil is a common occurrence.  One student group wanted to explore some of the environmental consequences of this drilling.  Drilling for oil in our area also involves pumping up salt or brine water in addition to the oil.  Today, this brine water must be transported and disposed of safely.  However, 50 years ago, this was not the case, and the salt water was simply dumped around the pump site.  One student group wanted to ask how the brine water affected soil bacteria.  They chose to do a controlled experiment rather than search for an actual well with the brine pollution.

The students took the 50 ml sterile tubes to a relatively undisturbed natural area on campus.  The student scooped soil into the tubes avoiding touching the soil with anything other than the sterile tubes. The student randomly chose which tubes to receive the salt treatment and which ones would be controls.  The students put 5 ml of Instant Ocean (artificial seawater) into the three “treatment” tubes and 5 ml of distilled water into the three “control” tubes.  As a measure of control over the sterility of the graduated cylinder and distilled water, the students put 30 ml of distilled water into the supposedly sterile graduated cylinder and then removed 5 ml for each control tube.  The remaining 15 ml were mixed with the appropriate weight of “Instant Ocean” and 5 ml of the instant ocean was added to each of the treatment tubes.  They repeated this for three days.  The following week, they took 6 more sterile tubes and diluted the soil with the buffer. They chose to put just the cap of the sterile tube on the scale, tare the scale and then use a sterilized spatula to remove just enough soil to bring the weight to approximately 0.05 g.  The tube was filled with approximately 50 ml of sterile PBS and the cap was put on the tube.  The tube was vortexed for 1 minute.  

The solution from the tube was then poured into half of a sterilized glass Petri dish.  The multichannel pipette was used to put 100 ul of solution into each well on the EcoPlate.  This was repeated for all 6 tubes of soil.   Here are the data collected six days after inoculation of the EcoPlates, where wells marked 1 were purple or light purple and those marked 0 were clear:

Untreated Sample 1

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1

	B
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1

	C
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1

	D
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	E
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1

	F
	0
	1
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0

	G
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0

	H
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1


Total carbon sources that were consistently positive for all three replicates:  7

Total carbon sources that were consistently negative for all three replicates:  7

Total carbon sources positive for 2 of the 3 replicates:  6

Total carbon sources positive for 1 of the 3 replicates:  11

% Functional Diversity:  24/31 = 0.774 (We chose to regard the carbon source as being used if ANY of the three replicate wells for that carbon source were used. )
Untreated Sample 2

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	0

	B
	1
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1

	C
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	D
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1

	E
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	F
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0

	G
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	H
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1


Total carbon sources that were consistently positive for all three replicates:  5

Total carbon sources that were consistently negative for all three replicates:  16

Total carbon sources positive for 2 of the 3 replicates:  8

Total carbon sources positive for 1 of the 3 replicates:  2

% Functional Diversity:  15/31 = 0.484

Untreated Sample 3

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1

	B
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1

	C
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	D
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	F
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0

	G
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1

	H
	0
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1


Total carbon sources that were consistently positive for all three replicates:  13

Total carbon sources that were consistently negative for all three replicates:  7

Total carbon sources positive for 2 of the 3 replicates:  4

Total carbon sources positive for 1 of the 3 replicates:  7

% Functional Diversity:  24/31 = 0.774

Instant Ocean Treated Sample #1

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	B
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	C
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	D
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	E
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	F
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	G
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Total carbon sources that were consistently positive for all three replicates:  1

Total carbon sources that were consistently negative for all three replicates:  25

Total carbon sources positive for 2 of the 3 replicates:  1

Total carbon sources positive for 1 of the 3 replicates:  3

% Functional Diversity:  6/31 = 0.194

Instant Ocean Treated Sample #2

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	B
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	C
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	D
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	E
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	F
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	G
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Total carbon sources that were consistently positive for all three replicates:  1

Total carbon sources that were consistently negative for all three replicates:  27

Total carbon sources positive for 2 of the 3 replicates:  2

Total carbon sources positive for 1 of the 3 replicates:  1

% Functional Diversity:  4/31 = 0.129

Instant Ocean Treated Sample #3
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0

	B
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	C
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	D
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	E
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	F
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0

	G
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0

	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Total carbon sources that were consistently positive for all three replicates:  0

Total carbon sources that were consistently negative for all three replicates:  16

Total carbon sources positive for 2 of the 3 replicates:  3

Total carbon sources positive for 1 of the 3 replicates:  12

% Functional Diversity:  15/31=0.484

Anecdotal comment:  ALL of the positive wells on the treated plates were light colored whereas many of the wells on the control (untreated) plates were dark purple.  This experiment suggests that the addition of salt water probably had two effects on the soil: 1) it reduced diversity of the bacteria and 2) it reduced the overall abundance of the bacteria.  From this evidence it can be tentatively concluded that disposal of brine associated with oil drilling probably would have a negative effect on the microbial diversity of the surrounding soil.

Here’s a picture of the plates. (Plates numbered 1,3 & 5 in the picture correspond to the treated samples 1,2,3 & plates 2,4,6 correspond to the untreated samples 1 , 2,& 3 described previously.)
[image: image15.jpg]SOl .
5o siwee
saadeass 6

S A
LS I 2 s

AR £ Teed o





Useful References & Links
General References
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Campbell, C. D., S. J. Grayston, and D. J. Hirst. 1997. Use of rhizosphere carbon sources in sole carbon source tests to discriminate soil microbial communities. Journal of Microbiological Methods 30:33–41.
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Fisk, M.C., K.F. Ruether, and J.B. Yavitt. 2003. Microbial activity and functional composition among northern peatland ecosystems. Soil Biology and Biochemistry 35:591-602.
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Kirk, J.L., L. A. Beaudette, M. Hart, P. Moutoglis, J. N. Klironomos, H., Lee, and J. T. Trevors. 2004.  Methods of studying soil microbial diversity.  Journal of Microbiological Methods 58: 169-188.
Konopka, A., L. Oliver, and R.F. Turco, Jr. 1998. The use of carbon substrate utilization patterns in environmental and ecological microbiology. Microbial Ecology 35:103-115.

Merkley, M., R. B. Rader, J. V. McArthur, and D. Eggetta.  2005. Bacteria as bioindicators in wetlands: bioassessment in the Bonneville basin of Utah, USA.  Wetlands: 24: 600–607.
Niklińska, M., M. Chodak, and A. Stefanowicz.  2004. Community level physiological profiles of microbial communities from forest humus polluted with different amounts of Zn, Pb and Cd – preliminary study with BIOLOG EcoPlates. Soil Science and Plant Nutrition 50: 941-944.

Preston-Mafham, J., L. Boddy, and P. F. Randerson.  2002.  Analysis of microbial community functional diversity using sole-carbon-source utilization profiles: a critique.  FEMS Microbiology Ecology 42:1-14.  (Includes substantial discussion of the  limitations of using Ecoplates for CLPP)
Torsvik, V., J. Goksoyr, J., and F. Lise Daae. 1990.  High diversity in DNA of soil bacteria. Applied and Environmental Microbiology 57: 782-787.

A few links
Biolog Web Site, the Biolog pdf file on EcoPlates, & Biolog’s literature cited on CLPP


http://www.biolog.com/main.html

http://www.biolog.com/pdf/eco_microplate_sell_sheet.pdf

http://www.biolog.com/mID_section_4.html

Accessed Oct. 17, 2005
NIH site for the free software to use in determining pixel density of a grayscale digital photo.


http://rsb.info.nih.gov/ij/index.html

Accessed May 21, 2007
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