Lesson 2 Cellular Metabolism: Finding Life’s Fingerprints
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	Introduction

	Ions are atoms with slight electrical charges. These charges occur because ions have an unequal number of protons and electrons. Protons have a positive charge and electrons have a negative charge. If an ion has more electrons than protons it will have a negative charge. If it has fewer electrons than protons it will have a positive charge. Ions often bond with atoms or other ions to form either ionic compounds or molecules. Ionic compounds retain a net electrical charge. 

In a molecule, charges are balanced and there is no net charge.

Ionic compounds are used by microbes to power the reactions required to build and repair cellular structures.  Microbes use different compounds in different ways.  Cells can extract energy by transferring electrons from one ion to another, changing its chemical properties and converting it into a different ion.  

A common example of this type of reaction is the reduction of sulfate to sulfide.  In this case, Sulfate (SO4) accepts electrons which convert it into the product, sulfide (H2S). In sulfate ions, the sulfur atom is stabilized by the presence of four oxygen atoms.  As the ion takes up electrons, the oxygen bonds become weakened and the sulfur atom becomes stabilized by bonding to two hydrogen atoms. This reduced product is called sulfide (H2S).  As sulfate is reduced, energy is released that the microorganism can then use to drive other necessary cellular processes. 
A balance is reached when compounds are converted back and forth by two or more groups of microbes. Once the balance is reached, relatively stable concentrations of both compounds are maintained and the system supports a stable population of microbes. The following activity illustrates this point.







	Materials

Introduction
The game’s 
environment


	1

40 small marbles, each of two different colors and 50 of a third color.  Other possible choices: cereal, colored candies, game chips.

2 
One 1/8 cup measure (27.57 ml)

3

One small paper bag

4

Data tables and graphs (supplied with this lesson, or students can record and graph their data on a computer using an Excel spreadsheet or other graphing software).

Note: In these instructions we use 50 yellow, 40 green, and 40 red marbles as examples. Other colors may be substituted.

Each of you will represent a bacterial population in the Earth’s Deep Subsurface environment.  Just like any other living organism you require energy and cannot live in an environment without your food source.  

Bacteria A: The player who represents Bacteria A consumes sulfate and through its metabolic process produces sulfide.  

Bacteria B: The player who represents Bacteria B consumes sulfide and through its metabolic process produces sulfate.





	How to Play
The Game

Update Your
Data Table

Next Rounds
	40 green marbles = 40 sulfate ionic compounds.
50 yellow marbles = 50 chloride ions.
These 90 marbles will be added to the bag provided to start the game.

 Bacteria A (Player A) will scoop out marbles using the measuring device provided. Since Bacteria A metabolizes sulfate into sulfide, Bacteria A will replace the green marbles with the same number of red marbles.

 Return the marbles to the bag.
Update the data table on the scorecard provided with these materials: record any changes in the numbers of marbles of different colors in the bag. If 4 green marbles were removed and replaced with 4 red marbles, then the data table should read 36 green, 50 yellow, and 4 red marbles.

Bacteria B (Player B) will scoop out marbles with the measuring device provided.  Since Bacteria B consumes sulfide, any red marbles that are pulled out will be removed.  In addition, Bacteria B produces sulfate so the number of red marbles pulled out will be replaced with green marbles.

Update your data table: Subtract the number of red marbles removed and add the number of green marbles put back.  

The game continues in the same way, with the players updating their data tables after each turn. 







	Round


	Number of Marbles in Bag

	
	Green
	Yellow
	Red

	1
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	2
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	3
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	4
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	5
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	6
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	7
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	8
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	9
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	10
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	



	Round


	Number of Marbles in Bag

	
	Green
	Yellow
	Red

	1
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	2
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	3
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	4
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	5
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	6
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	7
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	8
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	9
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	10
	Player A’s turn
	
	
	

	
	Player B’s turn
	
	
	

	ENDING AMOUNTS
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	1

 What happened to the numbers of red and green marbles?  Describe below.

2

 What you described above is called equilibrium.  Equilibrium is a stable situation in which products and reactants are balanced.  In our game environment, this means the number of sulfate and sulfide ions are relatively stable.  Why do you think equilibrium is important in this environment? 

3

 How long did it take to reach equilibrium again after the disruption?

4 

What role do you think chloride plays in this ecosystem? 
5 
 Sulfate tends to be more prevalent than sulfide in marine (ocean) sediments. If you collected ocean sediments that contained a lot of sulfide but little sulfate, what might that suggest? 
6
 Suppose you started out with 80 chloride ions and only 20 sulfate compounds. How would that affect the growth of the system? Do you think it would take more or less time for the system to stabilize? Why? If possible, test this and see if your prediction was correct.




Due Date:________________Name:_______________________________
Period:________________________________________


Use the wordbank to complete these sentences. 
You will not use all words, and some words may be used more than once.
1 A stable situation in which products and reactants are balanced is called _________________________.
2 A general term for any microscopic organism is a(n) _________________.
3When an atom has lost or gained electrons it is called a(n) _______________.
4A charged molecule formed by an ion bonded to other ions is called a(n) _________________________________.
5The ______________ is a subatomic particle that has a negative charge.
6Sulfate is converted to _________ through the transfer of eight ___________.  
7When sulfate converts to sulfide hydrogen is added and __________is lost.
Sulfate and sulfide are ionic compounds utilized as nutrients by microbial communities. Chloride ions are common in aqueous environments but are not nutrients. The game environment will start out with all sulfate and no sulfide ions.  Therefore, Bacteria B cannot survive the game environment until there is enough sulfide to support Bacteria B.  


The 40 green marbles will represent sulfate, 40 red marbles will represent sulfide, and 50 yellow marbles will represent chloride ions.


Start by separating out all the red marbles and setting them aside. Put all the green and yellow marbles into the paper bag. Shake the bag so the marbles are well mixed. 








Activity 2:  data games





Activity 2:  Introduction to Data Games











Activity 2:  SCORECARD





Activity 2:  data games





Activity 2:  Project Overview





Activity 2:  QUESTIONS FOR THOUGHT AND DISCUSSION








Activity 2 vocabulary reinforcement





Wordbank





Aerobic		Bacteria		Electron		Lithotroph	


Amino Acid		Biomass		Eucarya		Membrane


Anaerobic		Cell Membrane	Flagella		Microbe


Archaea		Cytosine		Heterotroph		Organelles


ATP			DNA			Ion			Proton


Autotroph		 			Ionic Compound	RNA








Sulfate ion








QUESTIONS FOR THOUGHT AND DISCUSSION





PRE-ACTIVITY QUESTIONS





1


What do you think metabolism is?  Why do you think cells need to conduct metabolic processes?


2


  Waste products of an organism can be used to detect the presence of a living organism.  If you were walking in the woods, even if you couldn’t see the many animals that are present how could you tell they were there?


3


  Balance within ecosystems is really important.  What do you think would happen to populations if that balance was disturbed?








1


Due to the extreme conditions in which some DSSOs live, it is difficult to detect them with traditional lab techniques (microscopes, culturing, etc.).  Given that fact, how can scientists detect their presence? 





2


  What happens to atoms when they become ions?  When will an ion be negative? Positive?





3


  When sulfate accepts electrons it converts to the product _______________.





4


 A system can support a stable population of microbes when a(n) __________ is reached. 








Directions:  Read the background materials titled “Activity 2: Project Overview” and “Activity 2: Introduction to Data Games.”  


Answer the questions below in the space provided.








L





W





K





Cell Metabolism & Chemistry – Please describe everything you know about atoms, ions, and bonding.  In addition, write down any information you know about cellular metabolism. .  





PRE-ACTIVITY EXERCISE


Below are three boxes.  In the box labeled “K,” write down everything you currently know about the topic.  In the “W” box, make a list of things you do not know about the topic, but would like to learn.   Leave the “L” box blank for now.  After completing the exercises, fill in what you have learned from the background reading and activities.








Activity 2:  SCORECARD





YOU CAN DISRUPT THE ECOSYSTEM!





•  Record the ending amount for each category from the previous table, using the scorecard provided with these materials.





•  Remove 90% of the marbles that are either red or green (sulfide or sulfate), NOT yellow,  and observe what happens to the colony.





•  Continue play as normal and observe what happens











Activity 2:  MAKE TWO GRAPHS








Use all data collected from both tables 1 and 2 to make two graphs.  Use the graph supplied with these materials.


•  If Excel is accessible to you, create an Excel file with a worksheet for each of the data tables.


•  Next, create a graph of the tables, using different colored lines for the sulfide and sulfate ions.  Print your Excel graphs and tables and turn them in.  If Excel or a computer is not available, use the paper graph that is supplied with your materials.


•  The first graph should show the changes in the number of marbles of each color over time. This graph depicts the chemistry of the system.


•  The second graph should show the changes in the number of bacteria.


•  On both graphs mark the point at which the ecosystem disruption occurred








ASTROBIOLOGY


In the search for life on other planets, it is important to know what we should be looking for.  Since we are familiar with life on this planet it follows that studying organisms in similar environments here might give us an idea of what kind of clues might be left by extraterrestrial life. Other planets in our solar system, such as Mars, are very harsh environments for life. On our planet, similarly harsh environments are inhabited by extremophiles: organisms that thrive in hot, dry, salty, alkaline, acidic, or very cold conditions.  While most extremophiles are found in the bacterial or archaeal domains, there are eukaryotic species that survive in these environments as well. Though much less common, ciliates such as Metapus contortus have been discovered living in the hot and acidic environments of deep sea hydrothermal vents. By studying the extremophiles and their effect on their surroundings on our planet, we have an idea about where to look for life on other planets, as well as how to identify signs of life when we encounter it.


Individual bacteria and archaea are too small to see with the naked eye. 





On Earth’s surface scientists often collect samples of bacteria and/or archaea, and grow them using specialized culturing techniques. Once scientists have a sufficient colony of organisms it is easy to study them under a microscope. Although some Deep-Subsurface Organisms (DSSOs) can be grown, there are many that cannot be cultured in a laboratory.  Low levels of nutrients and energy are available to organisms in the deep subsurface. Populations of DSSOs are often orders of magnitude lower than in surface environments. Environmental conditions in the deep subsurface are markedly different from the surface. Scientists are often unable to replicate ideal environmental conditions for DSSOs in the laboratory, and that prevents DSSOs from growing and reproducing.





Many regions of the subsurface are inaccessible, and sample collecting is not possible. For example, DSSOs tightly attached to rock and mineral surfaces in an underground fissure may stay attached and hidden even if water in the fissure is sampled. If scientists cannot directly sample DSSOs, then the existence of DSSOs must be inferred from the influence of metabolism on the environment. The consumption of specific nutrients or addition of waste products will change the environment and indicate the presence of hidden life. The following student activity illustrates this point. 
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