Biol 205: Introduction to Microbiology

Spring 2009

D. J. Esteban


 Metagenomic analysis of a soil enrichment culture (Winogradsky column)

Labs/Class Schedule:

March 26:  
Class – diagrams and sample selection of Winogradsky Columns



Lab – Metagenomics Papers Discussion

March 31:
Class –  Microbial Diversity



Lab:  Genomic DNA Extraction

April 2: 
Class –  Microbial Diversity



Lab –  16s rRNA gene PCR

April 7:
Class – DNA sequencing and biotechnology (bioinformatics lab)



Lab – Gel Electrophoresis

April 9: 
Class – Data Analysis and Phylogenetics (bioinformatics lab)



Lab – Data Analysis and Phylogenetics (bioinformatics lab)

April 16
Bioinformatics Assignment due

April 21
Class – Presentations

April 23
Class - Presentations

Background:
Sergei Winogradsky, a Russian microbiologist in the late 1800's and early 1900's, was instrumental in establishing the basis for microbial physiology and microbial ecology. He was the first to describe chemoautotrophs. In addition, he described the role of nitrifying bacteria in the nitrogen cycle and the microbial oxidation of various sulfur compounds.  

The column is incubated at room temperature. It has a growth lamp directed towards one side. As various metabolites are used, the environment changes. As a result of changing concentrations of oxygen and variations in metabolites, different microbes will thrive and create their own niche. The colored zones that we can expect are due primarily to photosynthetic microbes. In the upper, aerobic layers, we can expect photosynthetic eukaryotic microbes; in the lower, anoxic layers, we can expect purple and green, photosynthetic eubacteria. These photosynthetic bacteria utilize various sulfur sources as electron donors for photosynthesis.  

In addition, bacteria in the sulfur cycle will be present. In the anoxic layers, bacteria such as Desulfovibrio carry out anaerobic respiration, using sulfate as an electron acceptor to produce hydrogen sulfide. The hydrogen sulfide may be trapped as a dark precipitate if the mud contains high concentrations of heavy metals or iron, similar to the trapping of hydrogen sulfide in the triple sugar iron agar that is use to identify bacteria by their biochemical activities. Or, the hydrogen sulfide may be used as an electron donor for photosynthesis by anaerobic, photosynthetic bacteria. (In eukaryotes, remember, the electron donor for photosynthesis is water.) If hydrogen sulfide diffuses upward in the column, it may also be oxidized to free sulfur by aerobic bacteria, such as Thiothrix and Beggiatoa. The free sulfur produced may then be oxidized to sulfate by bacteria such as Thiobacillus.   In addition, sulfur granules may be evident by microscopy in the cytoplasm of some bacteria. 

(Modified from material originally written by E. Collins).
Overview:

In collaboration with Lois Banta and her microbiology class at Williams College, and the Broad Institute Genome Center, we will be using metagenomics to explore the bacterial diversity and metabolic functions.  Winogradsky columns were set up by Dr. Banta using pond sludge from three different ponds and two different cellulose sources.  The composition of each column will be provided to you in the first lab.  The labs and data analysis performed in this class are part of a much greater project; Dr. Banta’s microbiology class in the spring of 2007 began the analysis of 7 Winogradsky columns using the same sludge source and cellulose sources.  They will be repeating the analysis this year, as will we, to increase the number of statistical replicates.  The analysis so far, including this year’s, will be limited to community analysis (species identification).  We anticipate that in future years we will be able to perform a full metagenomic analysis of the columns through shotgun genomic sequencing.  The DNA sequence data we will be analyzing is the data from last year’s columns, since it takes too much time to get all the sequence data for analysis during the course of the semester; next year’s class will be analyzing sequence data that you generate in lab this year.
Community analysis will be performed by sequencing 16s rRNA gene.  In the first lab, with your partner, you will isolate a pool of genomic DNA from a single layer in one column.  Each pair will isolate a different layer.  In the second lab we will use PCR to amplify the 16S rRNA genes from the multiple microbes in these layers or “fractions.”  The composite 16S rRNA gene pools will be sent to the Broad Institute where clone libraries will be made and sequencing will be performed.  We will use bioinformatics to compare the microbial content and the predicted metabolic capability of each layer, and determine phylogenetic relationships among the microorganisms identified by the unique 16S rRNA gene sequences.

Goals:

· To use metagenomics to examine microbial diversity in a soil enrichment culture (winogradsky columns)

· To learn the concepts and principles behind the technology of metagenomics, how it is used and how it is changing microbiology

· To learn about the metabolic diversity of bacteria, and how different environmental conditions influence the diversity and metabolic activities of bacteria

· To develop molecular biology laboratory skills including DNA extraction, PCR and gel electrophoresis

· To develop skills in analyzing DNA sequence data using bioinformatics tools including BLAST, Ribosomal Database Project (RDP), and phyolgenetics software

· To learn how DNA sequence data can be used to infer biological activities occurring in specific environments

Assessment

· Oral Presentation or wiki article exploring a specific, highly represented bacterial species and their metabolic activities, environmental growth conditions

· Data analysis and interpretation – phylogenetic analysis and analysis of layers or columns
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Lee, L., Tin, S., and Kelley, S.T. (2007) Culture-independent analysis of bacterial diversity in a child-care facility.  BMC Microbiology, 7:27

Rogan, B., Lemke, M., Levandowsky, M., and Gorrell, T. (2005) Exploring the Sulfur Nutrient Cycle Using the Winogradsky Column.  American Biology Teacher 67(6); 348-356
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Oxidation-Reduction for energy conservation p118-120

Catabolic Diversity p131-133

Nutrient Cycles p695-703

General Reference: Ch 14, 15, 16

Day 1: (March 26)  Column Observation and Sample Collection

Class Period: We will be in the lab

Purpose:


To observe and diagram the winogradsky columns 

Lab Procedure (during class time):

1. Draw a diagram of one of the columns, label carefully and include a detailed written description of what you see.

2. Samples will be taken from specific sites in the column.  This will be done by me and some assistants.  To prevent disturbing the layers and to minimize contamination, we will drill into the side of the columns to make holes from which to collect the samples.

3. The samples will be centrifuged at 13,000 x g for 30 sec to remove the liquid and the pellet will be frozen at -20oC.  Everything will be handled using sterile technique and wearing gloves.

Lab Period: We will be in classroom

Read and discuss the following papers:

Lee, L., Tin, S., and Kelley, S.T. (2007) Culture-independent analysis of bacterial diversity in a child-care facility.  BMC Microbiology, 7:27

Rogan, B., Lemke, M., Levandowsky, M., and Gorrell, T. (2005) Exploring the Sulfur Nutrient Cycle Using the Winogradsky Column.  American Biology Teacher 67(6); 348-356

Day 2 (March 31):  Genomic DNA Extraction
Class:


Microbial Ecology and Diversity – Lecture

Lab:

Purpose:


To extract genomic DNA from the collected Winogradsky samples.  The extracted DNA will be a mixture of all the genomes of the different microorganisms present in the sample.  It will be used in the next lab as template DNA for a PCR.

Procedure: 

Each student will receive an Epitube with 40-100 mg of sediment.  The weight of the tube plus sediment is written on the tube.  The tare weight (weight of an empty Epitube) is approximately _______ g.  

Record the column fraction you are analyzing, along with the weight of the tube plus sediment and the calculated weight of the sediment itself.  

To isolate genomic DNA from the microbes in your sediment, we will use the PowerSoil DNA Isolation Kit from Mo Bio.  There are many similar steps; to make sure you do not skip anything, please check off each step as you go.  Explanations of what is happening at each step are provided in italics.  Wear gloves at all times as you follow the protocol below. 

1.  The PowerBead tubes provided in this kit contain some liquid.  This buffer will help disperse the sediment particles, begin to dissolve the humic acid in the soil, and protect mucleic acids from degradation.   To transfer the sediment from your epitube into this tube, withdraw 200 uL of liquid from the PowerBead tube and add it to your sediment.  Using a P1000 and a tip that has been cut to widen the bore diameter, pipet up and down to mix the sediment with the liquid and transfer the liquid back into the PowerBead tube.

2.  Gently vortex to mix.

3.  Add 60 uL of Solution C1 and invert several times or vortex briefly.


Solution C1 contains SDS and other disruption agents required for complete cell lysis.  SDS is an anionic detergent that breaks down fatty acids and lipids associated with the cell membranes of the microbes.  If solution C1 gets too cold, it will form a white precipitate; heating to 60oC will dissolve the SDS and will not harm the solution or affect how well it works.

4.  Place the PowerBead tubes horizontally on the vortex adapter.  Vortex at maximum speed for 10 minutes.  We will all do this together.


The vortexing step is critical for complete homogenization and cell lysis.  By randomly shaking the beads in the presence of the chemical disruption agents in C1, collision of the beads with the microbial cells will cause the cells to break open.

5.  Spin the PowerBead tubes at 10,000 x g for 30 sec at room temperature.  Be sure not to exceed 10,000 x g or the tubes may break.

6.  Transfer the supernatant to a new 2-ml tube.  


You should recover 400-500 uL of supernatant at this step. The exact volume is not critical.  The sup may be dark in color and may still contain some soil particles-this is OK.

7.  Add 250 uL Solution C2 and vortex for 5 sec.  Incubate on ice for 5 min.


Solution C2 contains a reagent to precipitate non-DNA organic and inorganic material including humic substances, cell debris, and proteins.  It is important to remove these compounds so they do not reduce DNA purity and inhibit the subsequent PCR reaction.

8.  Spin the tubes at room temperature for 1 min at 10,000 x g.

9.  Avoiding the pellet, transfer up to 600 uL of supernatant to a new 2-ml tube.


The pellet contains the cell debris, etc described above.  For good DNA yields, it is important to avoid transferring any of the pellet.

10.  Add 200 uL of Solution C3 and vortex briefly.  Incubate on ice for 5 min.


Solution C3 is a second reagent to precipitate additional non-DNA material as described above.

11.  Spin for 1 min at 10,000 x g.

12.  Transfer up to 750 uL of supernatant to a new 2-ml tube.


The pellet contains the cell debris, etc described above.  For good DNA yields, it is important to avoid transferring any of the pellet.

13.  Add 1.2 ml of Solution C4 to the supernatant and vortex for 5 sec.


Solution C4 is a highly concentrated salt solution.  Since DNA binds tightly to silica at high salt concentrations, this will allow the DNA to bind to the spin filters in the next step.

14.  Load 675 uL of the solution from step 13 onto a Spin Filter and spin at 10,000 x g for 1 min.  


DNA is selectively bound to the silica membrane in the Spin Filter.  Contaminants pass through the filter membrane.

15.  Discard the flow-through (the liquid in the bottom tube below the filter) into your waste bag and add an additional 675 uL of the liquid from step 13 to the Spin Filter.  Spin at 10,000 x g for 1 min and discard the flow-through as before.  

16.  Load the remaining liquid from step 13 onto the Spin Filter, spin, and discard the flow-through as before.

17.  Add 500 uL of Solution C5 and spin for 30 sec and 10,000 x g.


Solution C5 is an ethanol-based wash solution that removes residual salt, humic acid, and other contaminants while allowing the DNA to remain bound to the silica membrane.

18.  Discard the flow-through and repeat the wash step by adding another 500 uL of Solution C5 to the Spin Filter and spinning again.

19.  Perform one more spin for 1 min at 10,000 x g.


This centrifugation step removes residual Solution C5 that would otherwise inhibit the PCR reaction next week.

20.  Carefully place the Spin Filter into a new 2-ml tube.  Avoid splashing any Solution C5 into the filter.

21.  Add 75 uL of Solution C6 to the center of the white filter membrane.


Make sure the whole membrane is wetted.  As Solution C6 passes through the silica membrane, DNA that had been bound in the presence of high salt is selectively released by the C6, which contains no salt.  

22.  Spin for 30 sec at 10,000 x g.

23.  Discard the Spin Filter.  Clearly label the tube containing your DNA with your initials, the column number and layer, and today’s date.  We will store your DNA at -20oC until next lab, when it will serve as the template for our PCR amplification of the 16S rDNA. 

Day 3 (April 2):  16s rRNA gene PCR
Class: 


Microbial Metabolic Diversity – Lecture

Lab:

Purpose: To amplify the 16s rRNA genes from the pool of genomic DNA.  

Background: The 16s rRNA gene can be used for species identification.  The primers we will use are universal, which means that they will bind a highly conserved region of the gene so the gene from a huge diversity of microorganisms will be amplified.  The resulting product will look like a single band when run on a gel, but because it is amplifying the gene from diverse genomes, the products will be a mixture of different sequences. 

The primers we are using are 63f and 1387r.  These numbers refer to the position of the sequence in the E. coli 16S rRNA gene.  The sequences of these primers were determined by aligning the 16S genes of a variety of microbes and establishing a consensus sequence.  This work was performed by Marchesi, et al. (Appl. Environ. Microbiol. 64:795-799; 1998), who showed that this pair of primers successfully amplified 16S rDNA from a wider variety of microbes than other previously published primer sets.

The sequences of the primers are:

63f: 5’ CAG GCC TAA CAC ATG CAA GTC 3’

1387r: 5’ GGG CGG WGT GTA CAA GGC 3’

(where W=A or T)

Procedure:

1. Set up PCR reactions in 0.5 ml Epitube on ice:
Sterile water




____uL

Buffer (10X)




____uL

dNTP’s





____uL

Primer 1





____uL

Primer 2 





____uL

Template=Genomic DNA or cell lysate

     1 uL

Pfu Turbo DNA polymerase


____uL

N.B.  It is critical that you add the Pfu Turbo last; otherwise the 3’-to-5’ (proofreading) exonuclease activity of the polymerase may degrade the primers.

Guidelines for setting up reaction:

-The final volume of the reaction should be 50 uL.

-“10X buffer” means that it is 10 times as concentrated as it should be in the final reaction.

-dNTP’s should be used at a final concentration of 200 uM (microMolar).  The stock solution contains all 4 dNTP’s at a concentration of 2.5 mM.

-The primers are provided as a 10 uM stock.  You will need to add 15 pmoles of each primer to your reaction.

-The DNA polymerase comes at a concentration of 2.5 Units/uL.  Each reaction should have 2.5 Units.

-Pfu Turbo is a high-fidelity thermo-stable DNA polymerase. This means that, unlike standard Taq polymerase, it has proof-reading ability.  

QUESTION: Why is it important for this project that the polymerase have proof-reading function?

3.  Mix all the reaction components well by pipeting up and down with the P200 set to 50 uL, and keep on ice until everyone is ready to place their tubes in the PCR machine.  Use the program:

Step 1:
95oC 


2 min.

Step 2:
95oC


30 sec

Step 3:
55oC*


30 sec

Step 4:
72oC


1.5 min**

Step 5:
Repeat Steps 2-4   
29 more times

Step 6:
72oC


10 min

Step 7:
4oC


Forever (i.e. overnight)

*The annealing temperature should be 5oC below the melting temperature for your primers.  

**The extension time is determined by the length of the expected product (1 min per kb).  Since our product is approximately 1300 bp long, we are using 1.5 minutes for this step.

Day 4 (April 7):  DNA Sequencing Technology and Gel Electrophoresis 
Class: DNA Sequencing and Biotechnology 

Room 113 (computer lab)

We will be discussing DNA sequencing and going through the following questions during class.

Go to the website: http://www.dnalc.org/ddnalc/resources/animations.html
View the movie “Sanger Sequencing” and answer the following questions:

1. What are the differences between Sanger Sequencing and PCR?  What components are needed for PCR compared to Sequencing?   List the components that must be present in each reaction. How many primers are needed in the sequencing reaction? 







2. What is the difference in molecular structures between a dNTP and a didNTP?  Why is this structural difference important? 











3. In a Sanger sequencing reaction, if your template DNA is 500 nucleotides in length (not counting the sequence to which the primer binds), how long will the products be?  Explain.  











4. Determine the DNA sequence for the first 10-15 bases in the reaction provided on the next page.  Which end should you start at?  Which end of the resulting sequence is the 3’ and 5’ ends?





Watch the movie “ Cycle sequencing”.

This is the type of sequencing that will be performed to determine the sequence of your unknown 16s rRNA gene.  

1. What are the differences between cycle sequencing and traditional Sanger sequencing?





2. How are the results of the sequencing reaction analyzed (is it run on a gel, and how are bands detected)?








3. Using the provided chromatogram, determine the sequence of the gene.  Which is the 3’ end?  Which is the 5’ end?   Write your sequence directly above the chromatogram.


A=Green

C=Blue

G=Black

T=Red
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Below is another chromatogram, this time of a lower quality sample.  Try to determine the sequence.  Are there particular bases that are hard to call?  If you cant decide what base it should be, simple report it as “N”

[image: image2.png]



“Base calling”, or the identification of peaks in the chromatogram is typically done using special software.  However it is always a good idea to check the sequence manually by skimming through and looking for unusually shaped or oddly spaced peaks.  Often, checking by eye can resolve a difficult base call more easily than the software.  

Some peaks may be unresolvable.  Depending on your purposes, it may be acceptable or unacceptable to have “Ns” in your sequence.  To reduce the number of Ns in your sequence, you can either cut the sequence off before the quality degrades too much, or sequence the other strand of the DNA using a second primer, and use the complementary base information to help call bases.

Lab:
Purpose: To verify success of the PCR reactions

Procedure: Prepare and Run Agarose Gel Electrophoresis

Pour the gel (I will demo this in lab):

1. Set up the casting rig by placing the rubber stoppers at the ends and the gel comb on top
2. Pour in 25 ml molten agarose, avoid getting bubbles (use a pipet tip to pop any bubbles).  The molten agarose contains Ethidium Bromide, a potentially carcinogenic chemical.  It must be handled with gloves.  Everything that comes in contact with it must be treated as hazardous.  
3. Let cool until fully solidified
4. Remove rubber stoppers 
5. Place casting rig in the gel apparatus
6. Fill with ~250 ml of TAE (gel running buffer), sufficient to cover the gel
7. Carefully remove the comb by slowly pulling straight up
Prepare your samples:

1. Obtain a microfuge tube for each sample to be run.  

2. Add 1 ul Gel Loading Buffer (Blue) to each tube.  (The Gel Loading buffer has dye so you can easily see you sample when loading the wells, and to visualize the progress of the gel as it runs, and contains glycerol, which makes the sample heavy so it will sink into the well.)

3. Add 5 ul of you PCR reaction to the appropriately labeled tube

4. Mix by pumping up and down with pipet

5. The remaining 45ul of sample are very valuable: it will be used for cloning and sequencing so return it to the rack that will be placed back in the freezer.

Load your samples:

1. Very slowly and carefully add the full 6 ul of your prepared sample to the wells of the gel
Sample loading hints: 




You can stabilize the pipet by resting the barrel on your other hand.  



Make sure there are no bubbles in your pipet tip.



Place the tip inside the well



Dispense slowly and evenly and stop at the first stop
2. To the last lane, add 5 ul of DNA ladder.  (This has a series of DNA fragments of known size that will separate when the gel runs, and will serve as a standard to determine the size of the PCR product.  It is pre-mixed with Gel Loading Buffer).
3. Connect the electrodes.  Make sure the current will run in the appropriate direction.  DNA is negatively charged and so it will run towards the positive electrode (red).
4. Run the gel for ~ 1 to 1.5 hrs until the yellow dye is near the bottom of the gel. 

Image the gel:

The agarose contains ethidium bromide (EB), which binds to DNA between the basepairs.  Under UV light, the intercalated EB fluoresces, allowing us to see the location of the DNA in the gel.

1. Wearing gloves, remove the gel and very carefully place it in a ziplock bag

2. Use the provided gel imaging system to take a picture of your gel

For the gDNA sequences, keep in mind that each tube of PCR product represents a pool of 16S rDNA fragments, rather than a single sequence.  Thus we cannot just sequence the product “as is” using Sanger (dideoxy) sequencing because it would be a mix of sequences.  There are new sequencing technologies that would allow us to sequence directly from this pool.  However, for this experiment, our collaborators at the Broad Institute will instead subclone each individual PCR product from your pooled collection into a separate plasmid, grow up E. coli carrying each plasmid, and sequence a large number of these plasmid inserts using the traditional dideoxy approach.

The cloning strategy they will use, TOPO cloning, is outlined in the figure on the next page.  This is the approach of choice because it is so fast and efficient relative to traditional cloning strategies.  A unique feature of the Taq DNA polymerase is that it adds a single A to the 3’ ends of the PCR products.  This allows the resulting fragments to be ligated into a specially designed vector with 3’ T overhangs that can base-pair with the overhanging A sticky ends on the fragments.  It is important to note that the proofreading enzymes used in PCR, such as our Pfu Turbo, does not add this A, but an A “tail” can (and will) be enzymatically added onto our PCR products before they are cloned at the Broad. 

The key to TOPO cloning is the enzyme DNA topoisomerase I, which functions both as a restriction enzyme and a ligase.  As part of its reaction mechanism, it make a covalent bond with the phosphate group of the 3’ T overhanging on the vector, and in only 5 minutes at room temperature, will ligate that vector to the fragment and release itself from the DNA.  (For comparison, cloning using traditional restriction enzymes and ligase can take many hours because the vector and fragment have to be cut with restriction enzymes, purified, etc.)  This ligated product (in our case, a single 16S rDNA PCR product inserted into the TOPO vector) is ready to transform into E. coli, which will be used as a factory to make many identical copies of the plasmid.  These plasmids will be purified from the E. coli cells and each plasmid will be sequenced.
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