Subject: Environmental Science, Chemistry, Biology, Ecology

Lesson Topic: Winogradsky Columns


Author: Adapted from several websites

Grade Level: 7-12 (adjust level of detail)

Summary of Activity/Lesson: Students construct Winogradsky columns to grow anaerobic bacteria seldom seen because they grow beneath the surface.

Activity: 

Rainbow in a Bottle (or a bag)

Summary: Students get to play with mud and watch bacteria grow colorful bands. 

Materials:  There are a couple of methods to complete this activity.


“Rainbow in a Bottle”



2 liter soda bottles (# depends on your setup…see procedure below)



Mud samples



Water samples from mud locations



Eggs



Paper shreds



Light Source



Time (at least a week)


“Rainbow in a Bag”



Really thick plastic bags



Hooks and string (or something to string the bags up)



Mud samples



Water samples from mud locations



Eggs



Paper shreds



Light Source



Time (at least a week – although it may be less because the bag method   


           exposes a higher surface area to the light source)


“Rainbow in a Plate”



Plastic overhead sheets



Gel Electrophoresis Clamps from a simple AP Bio DNA kit



Plates from the Kit



Mud samples



Water samples from mud locations



Eggs



Paper shreds



Light Source



Time (at least a week – although it may be less because this method   


           exposes a higher surface area to the light source)


Also if you want to test any DNA samples, purchase a soil DNA kit


Field notebook


Background for the lesson (history and info about the bacteria)
Procedure: 

1) Collect mud

Have students bring in mud/water from around the area or go as a class somewhere on school grounds or even on a short outing.  Be sure to get sediment from several environments so students can compare and contrast the rainbows.

2) Construct columns

Using any of the 3 methods listed above, build columns.  The 2-liter bottles will take the most mud to complete.  Test the bags and the electrophoresis plates before you use them in the class project so you know the exact amount of water and sediment to add to make the bag/plate remain in tact. 

For each column complete the following steps:


a) fill the bottom 1/3 with the sample mud.


b) add a carbon source (shredded paper) and a sulfur source (boiled egg)



be sure to add only a small amount of each.


c) mix the solution on the bottom.

d) add more mud from the original sample until you have filled the container 2/3.

e) fill the remaining space with a few centimeters of water from the same sample area.  Be sure to leave room for the gases to expand as the bacteria grow.
3) Let them grow

Put the containers in a direct light source (window, lamp).  The more light the columns receive, the faster the rainbow will appear.  Also be sure to have the columns in a well ventilated space.  They will respire during the night and will smell terrible.

4) Observe

Have students use their field notebook to make observations each day about the progress of their columns.  Use this as a warm-up activity or a wrap-up each day until the columns have grown a sufficient rainbow.  It may be helpful for students to record predictions of what will happen within the columns over time.

5) Learn

a) Students have to research to find out why the rainbow bands formed and what each color indicates.

b) If students are capable, extract samples and use columns to isolate DNA with a soil sample kit.
c) Use this as an introduction to microbes, benthic organisms, etc. or whatever appropriate lesson you can draw comparison.

Sample Materials:  Here is a list of websites for pictures of end products and additional background information to share with students:

      http://helios.bto.ed.ac.uk/bto/microbes/winograd.htm
      http://www.woodrow.org/teachers/esi/1999/princeton/projects/microbe/win_col.html
      http://www.sumanasinc.com/webcontent/anisamples/microbiology/winogradsky.html
      http://www.personal.psu.edu/faculty/j/e/jel5/biofilms/winogradsky.html
Disclaimer:  These lesson plans were compiled, edited, written, and/or prepared by Erin Spruill, UNCW Coastal Ocean Research and Monitoring Program (CORMP). CORMP is a NOAA grant funded program, located at the UNCW Center for Marine Science, Wilmington, NC.  Feel free to update or adapt the existing lesson plans to fit your needs.  We ask that you credit the authors and editors of these activities.  In addition, please contact us with new methods and activities you implement in the classroom.  Continual collaboration and revision will allow us to provide educators with the most useful and current resources for classroom use.  Thank you.

