Genome 7:  Second Life Handout for Levels 2 and 3 in the Genome Tower
Developed by Greg Perrier, NOVA
Introduction


The Texas Wesleyan University has a virtual campus in Second Life (SL) devoted to Genetics.  This worksheet will direct you through a genetic activity on the tower at the campus.  During this activity you will explore a series of experiments that helped determine that DNA carries the genetic code and that determined the structure of the DNA molecule. 

This document will inform you how to download the Phoenix Firestorm Viewer for SL, how to get your own avatar (body) in SL, and how to get to the tower at Genome Island in SL.  Once you have installed Second Life on a computer, have an avatar, and have arrived at the Genome Island please feel free to look around and see all the fun biology activities that are there.

Downloading Second Life

There are different viewers for SL such as the Second Life webpage viewer (standard viewer), Emerald Viewer, Phoenix Firestorm Viewer, and Imprudence Viewer.   Each viewer has its advantages and disadvantages. The Phoenix Firestorm Viewer (called the Firestorm Viewer) is one of the most stable viewers and is the viewer loaded on the computers at the Manassas Campus.  For that reason, the directions for this worksheet assume you are using the Firestorm viewer.  You will need the IT people to load Phoenix Firestorm on most NOVA campus computers, but it is loaded on the computers in MP 102 (the general student computer lab on the Manassas Campus) and might be available on computers in other rooms and the library at Manassas and on other campuses.

If you have already downloaded the Phoenix Firestorm SL viewer, then go to the section below on getting an avatar.  But if you need to download and install the phoenix firestorm viewer, then go to the following webpage.

http://www.firestormviewer.org/downloads/
On this webpage, find the Firestorm Downloads for either Windows or Mac.   Select either Windows or Mac (depends on your computer) and download the file to your computer. 

Then open the downloaded file to install the latest version of Phoenix Firestorm.  Once you have installed Firestorm, a Firestorm icon should be on your desktop.  This program is FREE.
Getting an Avatar

This section tells you how to get an avatar (your body in Second Life).  Only 5 avatars can be created in one day from the same internet address, so rather than creating an avatar in room MP 120 on campus were this limit might have been reached, I suggest you do this at home or in the library on campus, which has a different internet address for their computers. 


Go to the Second Life homepage.  http://secondlife.com/

There you will see a sign that says JOIN NOW.  Left click on that.  This will take you to a page to create an avatar and open an account.   


You will see a group of avatars in a circle.  There are three options over the avatars, Classic, Vampires, and People.  Select Classic.


Now use the arrows on each side of the box located below the avatars that says “Select This Avatar” to move to the avatar you want.  Do not worry about which avatar you select initially because later you can change this avatar or get a new avatar if you want. 


You will give Linden Labs (the people who own and run SL) some information about yourself such as your email address and birthdate.  You must be at least 16 years old.  


You will then choose a username (the name of your avatar) and a password.  An easy username is your first name followed by NOVA (for example MaryNOVA).  You will need the username and password to log onto the Firestorm program.  


Finally the website will ask you if you want to open Second Life (SL), say NO because that will install the standard viewer rather than the Firestorm viewer.  You can click on the red X top right of your screen to exit the Second Life website. 

Now you are ready to get into SL using the Firestorm viewer.  Click on the Firestorm icon on your desktop (looks like a bird with fire coming off) and after a few seconds you will see a screen with a black bar along the bottom. 


There will be a place on the right of the bottom bar to enter your avatar’s username and the password you provided when getting your avatar for SL.  After entering your avatar’s username and password, click on “Log In” and in about a minute you will find yourself in SL.  


Usually you are initially a red cloud, but in a few minutes your should see your avatar emerge from the cloud.  Once in SL, you will find yourself at a welcome center.  If you are new to SL, I strongly suggest at this point that you visit the SL orientation at Caledon Oxbridge.  If you are familiar with SL, you can skip to the section below on how to get to NOVA’s campus.

A Second Life Orientation

Caledon Oxbridge is a place that has a great orientation for people new to Second Life.  In addition, there are often people there who can answer questions on how to function in SL.  


To go to this region in the Firestorm viewer, left click on the map icon on the bottom toolbar (it looks like a map folded in three sections).  You should then see a map of whatever area you are in and a box to the right of map that has a legend and small boxes where you can enter text.  


Delete what text is in the box to the left of the word “Find” and type in “Caledon Oxbridge” (see image below). Then left click on “Find” and you should see the name of two regions: Caledon Oxbridge and Caledon Oxbridge Village.  


Left click on Caledon Oxbridge and at the bottom of the box, select the button labeled “Teleport.”  This will take you to Caledon Oxbridge University.  
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← Caledon Oxbridge

← Teleport

At the spot where you land are panels that have basic instructions for Second Life, such as how to move.   You will see on the floor red arrows leading down the center of a large hall.  Follow the arrows out of the hall, across an open plaza, and into another hall.  


Following the red arrows takes you through six halls in all, each one explaining some aspect of Second Life.  It will take you about an hour to read everything and complete all six halls, but the first two halls are the most important for people new to SL.  You will learn how to change your avatar’s appearance and will be offered new clothes.  Feel free to make the changes and take the clothes.  


Once you have visited Caledon Oxbridge, you can visit New Resident Island and go to their free medieval shopping area to get different clothes and avatar shapes and skins.  Use the map icon and the same steps you used to get to Caledon Oxbridge.

Getting to the Right Location in SL

Once you are ready to move on to Genome Island, left click on the map icon on the bottom toolbar (it looks like a map folded in three sections).  You should then see a map of whatever area you are in and a box to the right of map that has a legend and small boxes where you can enter text.  
Delete what text is in the box to the left of the word “Find” and type in Genome.  Then click on Teleport.  You will be taken to the welcome site at Genome Island in SL.  Genome Island is run by Texas Wesleyan University and the administrator is Dr. Mary Clark (avatar is Max Chatnoire).  

At this point you will need to move around Genome Island in SL.  The orientation at Caledon Oxbridge explains how to do this in detail.  If you have skipped this orientation, however, here are a few instructions on how to move.  

To walk simply use the arrow keys on your keyboard.  The up key moves you forward, the down key moves you backwards, and the left and right keys turn you.  Take 20 seconds and practice moving around.  

In SL, your avatar can walk, run, and fly.   To change from walking to running or flying, left click on the walking person icon on the bottom toolbar.  This icon looks a lot like the walk symbol at a crosswalk.  A small box appears on your screen with three icons across the bottom, walk, run, and fly from left to right, respectively.    Click on the fly icon and your avatar rises in the air.  Use the dashed arrows on the right of the box to move higher and lower.  You can use the arrow keys on your keyboard or the arrows in the box on your screen to move your avatar in the fly mode.

You should see your avatar standing in a circular shallow pool with a 3D map of Genome Island in the middle.  Go up the wooden ramp to the next highest level and you will be in a circle with some post having balls or cubes on top of them. You will be offered a tee shirt which you can keep if you want.  It will be stored in your inventory.
  Ahead of you is the tower, a 17 story structure.  Walk along the ridge up to the right side of the tower.  The ground floor is an office and you go up a ramp and through some doors to enter (see image below).  The doors are generally shut.  Simply left click on a door to open it.  The door will close on its own in a few seconds.  Enter the tower and you are ready to start this activity.
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The Activity Starts on the Next Page
Genome Tower Activity
Upon entering the tower at Genome Island you will see yourself on the ground or first floor in an office with a desk, computer, bookcases, etc. This is the office of Max Chatnoire who manages Genome Island. 
This worksheet will guide you through an exploration of genetics on the next two of the 17 floors in the tower. The first activity on the second floor (called Section 2) will show you how DNA was discovered to carry the genetic code. The second activity on the third floor (called Tower 3) will explore the structure of DNA and examine DNA replication. 
Below is a section for each of the two activities and at the end of the worksheet questions for each activity.  Follow the directions for each activity to answer the questions.  

Activity 1 – How DNA was shown to carry the genetic code.



Though it was known by the early 1900s that chromosomes carried the genetic code, it was unknown exactly which molecule within chromosomes (proteins or DNA) carried this code.  Proteins in eukaryotic cells are made up of a string of 20 different types of amino acids.  DNA is made up of a string of four different types of nucleotides.  Because proteins have 16 more different subunits than DNA, it was initially assumed that the genetic code was carried by protein molecules.  

Activity 1 examines two classic experiments that showed that it was the DNA molecule, not a protein molecule that carried the genetic code.  One study was conducted by Frederick Griffith in 1928 and the other was conducted by Alfred Hershey and Martha Chase in 1952.  This activity was initially developed by Matt Barrack and Dasam Jeong, students in a Biology 102 honors class during spring semester 2016.  

Walk up to the second floor level (sign says Section 2: Genes and DNA) (see the image the next page) .  On the wall opposite the step you will see a yellow sign that says “Start Here.”  Left click on the white sign that reads “Bacterial Transformation” and accept the notecard that is offered.  This notecard explains the experiment that Griffith conducted.  


Note he was injecting mice with a bacteria now called Streptococcus pneumonia.  This bacteria came in two strains, R for which the immune system of the mice could resist and S which had a sticky carbohydrate coat around the bacteria that protected it from the immune system of the mice.  The S stain would kill the mice.

Look at the four mice on the table.  Left click on each mouse to inject it with the bacteria strain, watch what the mouse does and accept and read the notecard about 
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that injection.  The surprise result was that the R strain in combination with the heat killed S strain killed the mouse.

Now left click on the glass aquarium and accept and read the notecard.  Even though Griffith died before he could do follow up studies, three scientists (Avery, PMcCarty and MacLeod) did these studies in 1944 and got a surprising discovery.  


Now move to the right to the lab table with the study of Alfred Hershey and Martha Chase.  They used a virus that infects bacteria cells (bacteriophage) to determine if protein or DNA carried the genetic code.  Bacteriophages inject their genetic material into the bacteria where it is used to create more viruses.  Left click on the brown rotating E. coli cell and then accept and read the notecard to better understand how bacteriophages infect bacteria.  


To determine whether proteins or DNA were being injected by the virus into the bacteria Hershey and Chase labeled the protein with  radioactive Sulfur (S-35) and labeled the DNA with radioactive phosphate (P-32).  Left click on the flask labeled “Why use P-32” and the flask labeled “Why use S-35” and accept and read the notecards to better understand this.


Now left click on the blender and accept and read the notecard to see how they removed the parts of the virus that were on the surface of the bacteria, so only that part (protein or DNA) injected into the bacteria would be present.


Now look at the four test tubes on the right side of the lab table.  Two test tubes are testing for the presence of labeled sulfur, one 5 minutes and one 20 minutes after the virus was added to the bacteria medium.  The other two test tubes are testing for the presence of labeled phosphorus, one 5 minutes and one 20 minutes after the virus was added to the bacteria medium.  Click on each test tube to see the results they obtained.  

Finally, left click on the bright yellow ball that has the words “Base Ball, More about DNA” above it.  You will see a menu appear with several options.  First select the Nucleotide option.  A model of a nucleotide appears.  You need to step back a bit or zoom your camera out to see this model completely.  Note the three parts to a nucleotide: phosphate, deoxyribose sugar, and nitrogenous base.  

The four different types of nucleotides have the same phosphate and deoxyribose sugar, but have different nitrogen bases: Guanine, Cytosine, Adenine, and Thymine.  Click on these labels to see the models of the different nitrogen bases.   


Now go to the end of this handout and answer the questions for Activity 1.  Once you have answered these questions, you are ready to move to the next higher level in the tower and start activity 2.
Activity 2 – The structure of DNA and DNA replication

The experiment of Alfred Hershey and Martha Chase showed convincingly that DNA was the molecule that carried the genetic code.  Nobody, however, knew what the structure of the DNA molecule was.  Activity 2 explains how the structure of DNA was determined.  This activity was initially developed by India Mazzaro and Jennifer McKelvey, students in a Biology 102 honors class during spring semester 2016.  

Once you have climbed to the third floor of the tower, on your left you will see a yellow sign that says “Start Here” (see image on the next page).  Next to this sign is a large white poster with the words “the case of the curious correspondence” over it.  When you click on this poster you will get both a notecard to read and the URL of a webpage to visit.  Do not visit the webpage, but accept and read the notecard.

The notecard explains the work of Erin Chargaff working in the late 1940s who determined the ratio of the four different types of nitrogenous bases in different organisms.  The fact that the ratio of these nitrogenous bases varied greatly between 
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species and varied little between different human tissues suggested that DNA could carry the genetic code and that the genes of the various organisms were very different.  

More importantly, Chargaff found that in all species the ratios of Adenine to Thymine and the ratio of Guanine to Cytosine were similar.  So that if 20 percent of the nucleotides were Thymine, then about 20 percent would also be Adenine.  Guanine and Cytosine had this same relationship.  This became known as Chargaff’s rule.  But the exact structure of the DNA molecule was still unknown.


Now move more to your right and you will see a slide board with the words “The Clue from Chargaff’s Rule” over it.  By touching the slide board you advance to the next slide.  Start with the slide that says “Structure of a Nucleotide.”  If this slide is not showing, advance the slides until you see this slide.

Note the three components of the nucleotide: the deoxyribose sugar, the phosphate, and the Nitrogenous base.  Remember there are four different types of Nitrogenous bases: Guanine, Cytosine, Adenine, and Thymine.


The second slide shows how nucleotides are connected through phosphodiester linkages (bonds) to form a strand of DNA.  The phosphate connected to the 5th carbon of the deoxyribose molecule bonds to the hydroxyl (OH) on the 3rd carbon of the deoxyribose molecule above it.  Note that the phosphate on the top nucleotide is not bonded to anything and this forms the 5’ end of the DNA strand (named for the 5th carbon) and the hydroxyl on the 3rd carbon on the bottom nucleotide is not bonded to anything.  It forms the 3’ end of the DNA strand. 


The third slide shows two strands of DNA lined up next to each other.  Note how the strand on the left has the 5’ end on the top and the 3’ end on the bottom and the strand on the right is just the opposite (an antiparallel orientation).  Also note how the nitrogenous bases line up, so that Guanine and Cytosine are always opposite of each other and Adenine and Thymine are always opposite of each other.

The fourth and last slide show how the two DNA strands are bonded together with weak hydrogen bonds.  The Adenine and Thymine bond together with two hydrogen bonds and the Guanine and Cytosine bond together with three hydrogen bonds.  


Clicking on the fourth slide a second time gives you a notecard you can accept and a webpage to visit.  Do not visit the webpage, but accept and read the notecard.  The notecard explains how Watson and Crick used Chargaff’s rule to determine that Adenine and Thymine bond together and Guanine and Cytosine bond together and to develop several different models of the structure of a DNA molecule.


The double stranded structure of a DNA molecule was finally determined by Francis Crick and James Watson, two young scientists working in the United Kingdom in the early 1950s with help from Rosalind Franklin who was skilled at using an X-ray diffraction apparatus.   Now left click on the small sign that says “Watson and Crick Model of DNA” and accept and read the notecard.  


Hold down the ALT key on your keyboard and left click on the X-ray diffraction image.  You can now use your mouse wheel to zoom in on the image.  You will again get offered a notecard.  Accept and read this notecard on how this X-ray diffraction image helped determine the structure of DNA.


Also available for you to look at are a copy of the paper published by Watson and Crick in the Journal Nature in 1953 and information on a book by Watson on how they discovered the structure of DNA.  Left clicking on the photo of Watson and Crick will give you a notecard with information about the two scientists. 


Turning to your right again you will see a large model of a double stranded DNA molecule.  It is in the form of a double helix. In this model, one strand is colored pink and the other strand is colored green.  Linking these tow strands together are Guanine – Cytosine bonds (G-C) and Adenine – Thymine bonds (A-T).  


Each DNA strand carries the information needed to create a new antiparallel strand where each G nucleotide bonds to a new C nucleotide, each C bonds to a G, each A bonds to a T and each T bonds to an A. Though Watson and Crick noted that this was a possibility, it was not until the work of Matthew Meselson and Franklin Stahl published in 1957 that the process was initially described.   

Now look at the poster with the words “DNA Replication: Something Old, Something new” written above it.  Left click on this poster and accept and read the notecard which illustrates how during replication each DNA stand adds nucleotides so that T bonds to an A, A bonds to a T, C bonds to a G and G bonds to a C.  


The DNA molecule could be replicated in one of two ways.  First the initial DNA strands could each replicate a new strand, and the new strand bond together to create a totally new DNA molecule.  This is called “conservative replication” because the initial DNA molecule is conserved.  The second possible way DNA could replicate is that each initial strand bonds to a new strand.  So the replicated DNA molecule would have one on the initial strands and one of the new strands (semiconservative replication).  Meselson and Stahl’s experiment determined which of these two possible types of replication occurred.  The items on the lab bench allow you to see how they ran this experiment.  

On the lab bench you will see some green buttons.  Left click on the green button labeled “Info” and accept and read the notecard.  This notecard explains the experiment of Meselson and Stahl.  They used two isotopes of nitrogen (N14 and N15).  N14 is the common isotope of nitrogen and N15 is a heavy isotope.  Because the nitrogenous base in a nucleotide includes several nitrogen atoms Meselson and Stahl were able to label the initial strands of DNA with N15.  This was slightly heavier and could be separated from lighter N14 DNA by centrifugation.  

First they grew bacteria in a solution with N15 so all the DNA in the bacteria had N15.  When they centrifuges this DNA they found that all the DNA contained N15 and was heavy. Then they grew bacteria in a solution with N14 only so all the DNA in these bacteria had N14.  When they centrifuged this DNA they found that all the DNA was light.   They were able to show the difference on a centrifuge monitor.  


To recreate these results, hold down the ALT key on your keyboard and click on the monitor.  Zoom in on the monitor but stay far enough away that you can see the green button labeled “Data” on the lab table. Left clicking on the data button changes the image on the monitor screen.  Start with the screen that says “Click Data button to collect DNA density data.”  If you do not see this screen initially, click on the data button until this screen appears.  When you click the data button again, you will see the density data for the DNA made with N14.  The next screen on the monitor shows you the density data for the DNA made with N15.  


Meselson and Stahl took the N15 DNA they initially made and put it is a solution with only N14.  In this case the replicated DNA strands would have N14, while the initial DNA strands would have N15.  Click on the data button one more time to see the result they obtained.  The density was half way between that of N15 and N14 DNA, suggesting that one strand of the DNA had N15 and one strand had N14 (semi-conservative replication).  Again look at the poster above the monitor and study the DNA under the words “First Replication.”  

They left the bacteria in the N14 solution and with the second DNA replication they got some DNA of the mixed density (half way between the density of N14 and N15) and they got some DNA with the N14 density.  Again look at the poster above the monitor and study the DNA under the words “Second Replication.”  These results strongly supported the semi-conservative replication model.  

Now answer the questions for Activity 2 found at the end of this handout.

Conclusion
Once you have answered the questions at the end of this handout, copy the questions page into a separate Word document and email this document to your professor, either as an attachment or in the body of the email.  


Finally, stand somewhere in the tower at Genome Island and use your camera icon on the toolbar at the bottom of your SL screen to take a photo of your avatar.  Do not save the photo to SL (that cost money) but select the email option and email the photo to your professor.  Be sure to type your real name in the title of the email so your professor can give you credit for the photo.  Clicking on cancel under the options menu will allow you to change what you do with the photo (save to your computer, email, etc.).  If the email does not work, save it to your computer and attach it to an email to your professor. 


 You are done!  I hope you enjoyed learning about Genetic in the Tower at Genome Island.  Feel free to explore the other activities on Genome Island.
Student name ____________

Avatar name ____________

Question page 

Questions for Activity 1

Part 1: Griffith Study
1) Which Bacteria and strains did Griffith use while trying to develop his vaccine?
2) What made the living S-Cells dangerous to the mice compared to the living R-Cells?
3) What happened to the mice when Griffith combined dead S-Cells with living R-Cells?
4) What did Griffith call the horizontal transfer of DNA from the dead S-Cells to the living R-Cells?
5) How did Avery, McCarthy, and MacLeod stop the horizontal transfer of DNA from dead S-Cells to the living R-Cells and why was this an important step in the confirmation that DNA contains the genetic coding of cells?  

Part 2: Hershey and Chase Study
6) What were the two radioactive isotopes that Hershey and Chase used during their experiment?
 7) How do they differ in terms of building blocks of macromolecules such as carbohydrates and proteins?
8) What was the purpose of the blender?
9) How did the results change over time from 5 minutes to 20 minutes?
10) How did the results differ in bacteria grew in sulfur and bacteria grew in phosphate? Why?

Questions for Activity 2
1) Compare the base DNA composition percentages between the herring and the rat. Why do you think they compare this way?

2) What did Chargaff’s Rule state and why was this useful for determining the structure of DNA?
3) How many hydrogen bonds connect G and C? How many connect T and A?
4) What three pieces of information from Rosalind Franklin's X Ray Diffraction Image of DNA contributed to Watson and Crick’s double helix model of DNA?

5) How is the DNA strand structured? Explain how the structure connects and what types of molecules it is composed of.
6) From Meselson and Stahl’s work on DNA replication, what is meant by the term semiconservative?

