Lesson 3 Extreme Environments and Microbes
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	Our understanding of the conditions needed to support life has changed considerably in the past thirty years.  Scientists are now looking for microbes in environments previously assumed to be too hot, cold, acidic, alkaline, salty or dry to support life, and new forms of life are being discovered with surprising frequency. These new life forms are called extremophiles. 
Some examples of extremophiles are:

•
Thermophiles – organisms found living at temperatures between 60ºC (140ºF) and 80ºC (176ºF).

•
Hyperthermophiles – organisms that can live at temperatures above 80ºC (176ºF). The upper limit for a hyperthermophile is uncertain, but organisms have been discovered that can live at temperatures in excess of 120ºC (248ºF) if there is enough pressure to keep water from boiling.

•
Acidophiles – organisms that live in acidic environments with pH below 3.

•
Alkaliphiles – organisms that live in alkaline environments with pH above 9.

•
Halophiles – organisms that live in sea water environments.

•
Barophiles – organisms that live under great pressure. Sometimes called piezophiles.

•
Psychrophile – organisms that live at or near the freezing point of water. Sometimes called cryophiles.

•
Xerophiles – organisms that live in persistently dry environments.


There are also polyextremophiles, which can withstand more than one extreme condition. Deinoccocus radiodurans, for example, can survive extreme heat, cold, acidity and radiation, including up to 1,000 times the amount of UV radiation normally fatal to humans.  


When scientists discover a new extremophile, the genetic code is used to determine the similarity or difference between this organism and other known organisms. Surprisingly, many extremophiles appear to be genetically similar to previously known, non-extremophilic organisms. It is possible that, by comparing specific genetic sequences in extremophiles with their non-extremophilic relatives, genes can be identified for tolerance to heat, cold, acidity or other conditions.  When analyzing an organism’s genetic code, scientists look at the sequence of nucleotides. These are the basic structural units of DNA and RNA. Nucleotide sequences are the directions to build proteins.  Because the sequence of nucleotides directs all cell functions, biologists use DNA sequences to determine how related two organisms are to one another. Even small differences in a nucleotide sequence will result in substantial differences in a protein’s shape and function.         





Organisms can evolve in straight lines:


Or by branching:
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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________________________ have been found in permafrost, sea ice, and other extremely cold environments.
2 Under very high temperatures geologists might find ________________________ or even ________________________ .
3 The portion of the DNA that codes for the production of ribosomes is ____________________.
4 Organisms that live under extreme environmental conditions are classified as ________________________.
5 ________________________ thrive in highly acidic environments. 

6 In salt deposits and salt lakes, scientists are likely to find ________________________ organisms.

 7 Guanine, cytosine, adenine, and thymine are the four ________________________ used to construct DNA .
You have just discovered a new organism! 


It was found in a water sample collected from a fissure deep below Earth’s surface. The temperature of the water in the fissure is approximately 140°F (60°C), so you describe the organism as a thermophile—an organism that thrives in very hot environments—and give it the name Calientus impervius. You want to determine what its nearest relative is and whether it should be classified as bacteria, archaea or eukaryote. To do this you will examine its rDNA and try to match it up with other known organisms.


You have the rDNA sequences for 15 known organisms and for your specimen. You will need to assemble a tree of life for the 15 organisms and figure out where Calientus impervius belongs in the tree.








Activity 3:  Build a Tree of Life





Activity 3: Background - Extremophiles





1You will receive rDNA sequences for 15 different organisms from your teacher. Arrange the organisms into a “Tree of Life” according to similarities in their rDNA code. Your “tree” will look similar to, but much simpler than, the Tree of Life shown on the DVD and in earlier lessons. Organisms with similar rDNA should be close together in the tree, and organisms with dissimilar rDNA should be farther apart. (The numbers next to the name of the organism were assigned randomly and have no relationship to their placement within the tree of life.) Color your DNA sequences as follows: grey = G, blue = C, red = T, green = A. Next, cut out your DNA sequences.








Activity 3 vocabulary reinforcement





In the branching example Organisms C and D both have one gene different from Organism B, but they have 2 genes different from each other and from Organism A.








Activity 3: Build a Tree of Life
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  Determine where Calientus impervius belongs in the tree of life. 


Does it belong in the bacteria, archaea or eucarya domain? 





What organism is its closest relative?








Activity 3: Challenge Questions








Wordbank





Acidophiles		Extremophile		Metabolism		Permafrost	


Aerobic 		Energy recruitment	Mitochondrion 	Photosynthetic


Anaerobic		Eukaryote		Non-photosynthetic 	Phychrophile	


Chemoautotroph	Halophile		Nucleus		rDNA


   Chemolithotroph	Hyperthermophile	Nucleotide		Thermophile	
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In the straight line example Organism D has one gene different from Organism C, two genes different from Organism B and three genes different from Organism A.
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Phylogenetic Trees – Write down any information you know about how biologists determine organisms’ relationships to each other.  Think about what structures or traits might they use to determine relatedness.





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.  








QUESTIONS FOR THOUGHT AND DISCUSSION





PRE-ACTIVITY QUESTIONS
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What might cause one species to break into two species instead of just evolving into one other species?





2


  When we say “two organisms are related” what do you think we are actually referring to?





3


Why do you think it is important for biologists to build phylogenetic trees?








1


Give at least three types of extremophiles and describe why they are listed as extremophiles.


2


  When a new extremophile is discovered what do they do with its genetic code? 


3


Why do biologists use DNA sequences to determine how related two organisms are to one another and not some other molecule such as RNA


4


What are the three major limbs that make up the phylogenetic tree of all living organisms? 


5


Why do scientists use rDNA to sequence for phylogenetic trees?  �6


 What is the LUCA?  








Archaea, bacteria, and eukarya make up the major limbs of the phylogenetic tree, a branching diagram that represents a hypothesis about evolutionary relationships.  The tree of life organizes all living things based on their similarity or difference.  The closer together two organisms are on the tree of life, the more closely closely they are related.  The question is how do we construct this tree?  Do we use physical characteristics?  Chemical characteristics?  To construct a phylogenetic tree, scientists use the DNA sequence of specific genes.  Since all living things must synthesize proteins, living cells must contain ribosomes.  The cells have to make their own ribosomes, therefore the genes that encode for the RNA components of these organelles must be present in all organisms.  This ribosomal DNA (rDNA) is present in the cell’s genome and small variations in its genetic code, or mutations, can be analyzed to determine the difference between species.  The sequence of bases is statistically compared to determine the level of similarity or difference between two studied organisms.  Organisms that have similar rDNA sequences are little changed from a common ancestor and have not accumulated mutations that greatly alter their rDNA.  Organisms that have very different rDNA are more divergent and will have more mutations in their sequences.  The distance between two organisms along the phylogenetic tree of life is proportional to the difference between their rDNA sequences.


It is worth noting that in this case our tree appears to be rootless. That is, the archaea, eukarya, and bacteria all diverge from a common point.  This indicates the presence of a last universal common ancestor (or LUCA).  The LUCA is an organism that is the precursor from which all the known domains, and therefore all life, is descended.  Although this ancestor no longer exists as an identifiable species, we know that it must have had characteristics shared by the three existing domains.  In simplest terms, the LUCA would have been a single-celled organism surrounded by a membrane and possessing the instructions for making proteins in its DNA. The LUCA is, in fact, the organism from which all life on Earth evolved.  Remember, the tree reflecting our current knowledge of life has three domains:  the eukarya, the bacteria, and the archaea.  As of now, these domains include all life as we know it on our planet.  The eukarya are distinguished by the presence of a nuclear membrane around their DNA and by the way they store and retrieve information from their genomes.  The bacteria and archaea do not have internal membranes and store their genetic information in a continuous circular molecule of DNA.  However, the archaea are unique in that they utilize their DNA in a way that more closely resembles eukaryotic cells than bacterial cells.








Activity 3: Background – Phylogenetic Trees





Directions:  Read the background materials titled “Activity 3: Background - Extremophiles” and “Activity 3: Background- Phylogenetic Trees.”  


Answer the questions below in the space provided.








Activity 3: Build a Tree of Life





YOUR ASSIGNMENT:
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Use the tree template to place the corresponding species on their assigned numbers in the phylogenetic tree.  Look at the remaining 9 rDNA sequences, find the organisms that seem to be most closely related, group them together and place them on the tree where you think they best fit.    





Notes:  Each organism has at least one nucleotide different from every other organism.  These differences arise from mutations.  In this assignment, organisms next to each other may differ by one or more nucleotides.  In reality, even closely related species can have thousands of nucleotides that differ from one another!  The numbers next to the name of the organism were assigned randomly and have no relationship to their placement within the tree of life.








COLOR AND CUT ME OUT!


Grey = G


Blue = C


Red = T


Green = A
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When you think you have the correct tree call your teacher over to check it.  
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 It turns out that one of the organisms in your tree of life does not belong in the bacteria, archaea, or eukaryote domains. This must be the last universal common ancestor (LUCA)—that is, the one organism that all the other organisms branched off from. Identify the LUCA. It should be more or less in the center of your tree of life.  


[Note: in the real world, we have no idea what the LUCA is.


There is currently much speculation about what the LUCA might have been like.]
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 Priggus parsimonius and Stinccus halitosus are both halophilic, meaning that they both thrive in very salty environments. There are no other halophilic organisms in the tree of life. Identify the mutation that may have led to halophilia.








4


 Calientius impervious is thermophilic—it thrives in very hot environments—but Nomenclatura ridiculata is not.


     a) Identify the mutation that may have led to thermophilia.


Position #�
Original Base�
Mutated Base�
�
�
�
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�
�



b) Based on the above information what other organism is likely to be thermophilic?


ANSWER:�
�
�






Activity 3: Challenge Questions








PAGE  
12
deep sub-surface organisms

