Second Life Worksheet for Protein Synthesis
By Greg Perrier 
Introduction


This document will show you how to download a viewer for Second Life, get an avatar (body) so you can function in Second Life, and get to the protein synthesis activity on Genome Island.  This handout was initially developed my four honor students in my BIO 102 class in spring semester 2013.
Downloading Second Life

There are different viewers for SL such as the Second Life webpage viewer (standard viewer), Emerald Viewer, Phoenix 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.  

If you have already downloaded the Phoenix Firestorm SL viewer and already have an avatar, log into Firestorm and go to the section below about the Caledon Oxbridge SL Orientation.  If you have downloaded Phoenix Firestorm but do not have an avatar, then go to the section below on getting an avatar.  If you need to download and install the phoenix firestorm viewer, then go to the following webpage.

http://www.phoenixviewer.com/downloads.php
On the 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. You will need the IT people to load Phoenix Firestorm on most NOVA campus computers, but it is loaded on the computers in the general student computer labs on the Manassas Campus (MP 120 and MH 211) and might be available on computers on other campuses.

Getting an Avatar


Once you have downloaded the Firestorm software to your computer you need to get an avatar.  To do so, 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.   First you will select your initial avatar. 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 will then choose a name for your avatar and a password.  You will need these to get into the program.  Finally the website will ask you if you want to go into Second Life (SL), say no.  

Now you are ready to get into SL using the Firestorm viewer.  Click on the Firestorm icon on your desktop 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 you avatar’s name and the password you provided when joining SL.  After entering your avatar’s name and password, click on Log In and in about a minute you will find yourself in SL.  Often you are initially a cloud, but in a few minutes your should see your avatar.  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 Genome Island.

How to get to the Caledon Oxbridge Second Life Orientation

An island called Caledon Oxbridge has a great orientation for people new to Second Life.  To go to this island 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”.   Then left click on Find and you should see the name of two sims 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.  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.  There are often people around the open plaza who are happy to answer questions.   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 on Genome Island
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 Genome Island welcome site in SL.  Genome Island is run by Texas Wesleyan University 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.

On Genome Island, your avatar should have landed in a pool of water in a circular area with a 3D map of Genome Island in the middle.  From this site, go up the stairs to the next highest level.  You will be offered a tee shirt which you can keep if you want.  It will be stored in your inventory. You will see before you several posts with balls on top.  You click on the balls to be teleported to different locations within Genome Island.  Select the “Teleport to Abbey” option by double left clicking the big blue all that says TELEPORT TO ABBEY.  Once you are at the abbey, turn and face downhill and walk down until you see four wooden spheres on the left edge of the island and left of the lake.  The spheres have a quarter piece missing.  These are the ribosomes for the protein synthesis activity.  The activity starts on the sphere farthest from the Abbey that is labeled 1.  
There are a few setting changes that might improve your experience in SL.  If you would like to hear sounds better, left click on the speaker icon located in the top right of your screen just below the red box with the X.  Make sure all the sounds options are checked and adjust the volume for each as needed.  If you find the SL program is running slowly, stalling, or crashing often you can reduce the graphics quality and speed.  To do this, left click on the word Avatar in the top left corner of your screen.  In the drop down box select Preferences.  Under Preferences, select Graphics.  Select General under Graphics and you should see a scale for Quality and Speed Performance.  Set this midway between low and mid.  

SL is like a large city.  At any time there are about 50,000 people logged in.  Most of those people are nice and respectful, but like any city, there are people who might bother you.  As long as you stay on the Genome Island, it is unlikely anyone will bother you.  If they do, email me their name and simply log out of SL and return later.  I can have people blocked from coming to the Genome Island.  

The activity starts on the next page.

Protein Synthesis Activity

Station #1 Assembly of the Translation Initiation Complex

Welcome to the Protein Synthesis Activity on Genome Island. There are four stations in this activity.  Make sure you start first at the white sign labeled #1 (station 1).  The first station will tell you how protein synthesis starts by the assembly of the translation initiation complex. First left click on the small white sign in front of the exhibit that has the #1 on it.  A webpage URL is provided.  Open the web page.  The web page has an illustration and brief explanation of the 3 steps in protein synthesis: initiation of translation, elongation of the polypeptide chain, and termination of translation.  If protein synthesis seems confusing to you, you might want to view all the slides provided by the webpage.  
Next, left click on the board that reads: “Protein Synthesis: Translation of the Human Code”. It will give you an option to accept or discard a note card. Accept the notecard and read the contents. The notecard gives you an overview of protein synthesis and explains the roles of Protein, DNA, and mRNA.   Now click on the brown oval directly behind the sign with the #1.  This oval represents the small ribosomal subunit.  You will also see the mRNA for the protein insulin and a tRNA attached to the amino acid methionine.  RNA has the four nucleotides U – A – C and G.  U bonds to A and C bonds to G.  The start location on the mRNA is where the first tRNA will bond to the mRNA.  The start location has the codon AUG and the tRNA which will bond to this location has the anticodon UAC.  This tRNA is attached to methionine, which will be the first amino acid of the polypeptide chain.  You are again offered a notecard, accept and read it.  It will discuss the two subunits of a ribosome (large and small subunits) and also the difference between the ribosomes of prokaryotic cells, like bacteria, and eukaryotic cells, like those found in humans.  Note that ribosomes are made of rRNA and proteins.  
Finally, left click on the small poster with an image of tRNA to the left of the #1 sign  and read the notecard about tRNA.  Note that each type of tRNA attaches to one of the 20 amino acids and brings it to the ribosome to be attached in the correct order for making the desired protein.  After reading all the cards and viewing the website you are ready to answer questions 1 to 7 on the questions page on the last page of this handout.  Once you have answered these questions move on to station #2.
Station #2 Translation
Station two has two ribosome models, one to the left and one to the right of the #2 sign.  First, left click on the #2 sign and read the message in your chat window.  To do this, left click on “Nearby Chat” on the far left on the bottom toolbar. Then left click on the ribosome model to the right and read the notecard provided.  Note that the mRNA, tRNA with the amino acid methionine attached, and the small ribosome subunit all form the initiation complex, which means those three things come together to start the translation process. The large ribosomal subunit bonds to the initiation complex to form the translation complex.  

Next, look closely at the poster directly behind the #2 sign.  To view the poster up close, hold down the ALT key and use your mouse to put your curser on the poster. Left click and you can zoom in on the poster using the wheel on your mouse.  Study the sign to see the structure of an amino acid and how peptide bonds are formed to connect two amino acids.  Now left click on the poster and read the notecard provided.  Left click on the top of the notecard and use your mouse to drag it to the side of your screen so you can see the poster as you read the notecard.  Note the carboxyl (acid) and amino functional groups on each end on the amino acid (which is how it gets its name). 
Now look the sphere to the left of the #2 sign.  On the top right is a ribbon of mRNA.  This is the mRNA that creates the protein insulin.   Note also that there are three sites in the ribosome for tRNA.  The tRNA carrying an amino acid comes into the ribosome and bonds to the mRNA at the A site – in the ribosome you see the tRNA with the attached leucine amino acid.  As the mRNA advances through the ribosome, it brings the attached tRNA with its amino acid to the P site.  As the amino acid comes to the P site it is joined to the growing polypeptide chain.  In the ribosome model, the amino acid alanine is being attached to the first amino acid, methionine.  In the E site the tRNA has given up its amino acid and is released from the mRNA.  Left click on the ribosome and read the notecard that is provided.  Next, left click on each of the three sites and you can read about the site in the text that appears in your chat window.
Finally, before going to station #3, go to the question page and answer questions 8 to 12.  Then go to station #3 which is just to the left of station #2.
Station #3 Translation Termination

First examine the ribosome and note that the mRNA has moved to the left through the ribosome.   Now click on the #3 sign and read the message in your chat window.  Then left click on the ribosome and open and read the notecard.  Note that all three sites (A, P, and E) have a tRNA attached to the mRNA.  The amino acids are added to the polypeptide (protein) at the P site.  Now click on the mRNA (gray ribbon with the 3-letter codons) and read the message in chat. Note that this is part of the mRNA for the protein hormone insulin.  Now left click on the A site and read the message in the chat window.  Note that when a stop codon is encountered on the mRNA that a protein releasing factor rather than a tRNA bonds to the mRNA.  Left click on the P site and read the message in chat.  Note that the releasing factor cannot form a peptide bond to the amino acid in the P site, and so the protein is released from the ribosome.  Left click on the E site and read the message in chat.  Note that when a tRNA (purple structures) reaches the E site they no longer are attached to an amino acid and they are released.  Finally click on the ribosome again and in a few seconds you are given the URL again for the webpage.  Look at the protein synthesis translation process again on the webpage and review the steps 1, 2, and 3. Now go to the question page and answer questions 13 to 17.  Then you are ready to move on to the ribosome coffee shop, where you make a protein and read the message. 
Ribosome Coffee Shop
Once you’ve completed the other three stages the last activity is the Ribosome Coffee Shop. Click the sign labeled “The Translation Game: A Guide for The Perplexed” located on the floor in the middle of the coffee shop. Accept the note card and read over the instructions to the game. The Instructions state that this game can be played with more than one person yet can also be played with one person. 

This game models protein synthesis in the ribosome.  The three seats you see in the coffee shop correspond to the A (red cushion), P (blue cushion), and E (green cushion) sites in the ribosome.  The trough that starts between the A and P chairs corresponds to the growing polypeptide (protein).  Above the chairs are three white rectangles that either blank or have a 3-letter codon shown.  This represents the mRNA.  You are the tRNA and as such must get an amino acid and bring it to the red cushion chair (A site of the ribosome).  The Amino acids are in a dish to the right of you.  You do not physically move the amino acids, but rather copy them to your inventory and from your inventory drop them at the top of the trough.  How to do this is explained in the second paragraph below.  The amino acids will roll down the trough.  To determine which amino acid of the 20 in the dish to copy, you must look at the codons above the Chairs and then look up which amino acid they code for on the large white poster to the right of the coffee shop.  Each codon codes for one of the amino acids or a release factor (stop codon).  

Before proceeding be sure to read the notecard available from touching the sign labeled “The Translation Game” and also reading the notecard available from touching the large white poster to the right of the coffee shop.  These are both a bit long, but very useful for completing this activity.  Once you have read those notecards, look at the first codon on the mRNA over the chairs.  The codon should be over the P site (blue cushion).  This codon should be AUG (the start codon).  Go to the large white poster.  Replace a U in the codon with a T to determine the right amino acid.  So AUG, is read ATG, A (left margin), T (top margin) and G (right margin) and it codes for the amino acid M or methionine.  
Now go over to the dish and find the M (methionine) amino acid (a colored ball).  Right click (not left click) on that ball.  You will see a circular (pie shaped) menu.  Left click on the “more” option.  You get another pie shaped menu and then select “take a copy” at the top of this menu.  Now the menus disappear and you have the colored ball (amino acid) in your inventory.  To check this, go to your inventory, a suitcase icon on the bottom toolbar (usually near the right side).  Clicking on that icon gives you a large box with many options.  You want to select the recent tab near the top of the box and in the box that appears, click on objects.  You should see a small cube and next to it the name of the amino acid you selected.  Leave this in your inventory for now.

If you have several people you can role play the tRNA by sitting on the appropriate seats.  First the A (red), next person brings the second amino acid, and the person on the A seat moves to the P (blue) seat.  The person  moving to the P seat will drop their amino acid at the top of the trough and let it roll down the trough. How to do this will explained in the next paragraph.  The person who just dropped their amino acid, then moves to the E (green) seat and clicks on the mRNA to advance it one codon.  The person on the A seat moves to the P seat and a new person sits on the A, bringing the third amino acid which matches the third codon on the mRNA.  
If you are doing this alone, I suggest just dropping the amino acid balls at the top of the trough in the order provided by the mRNA banner.  To drop the amino acids, again open the objects folder, in the recent file of your inventory.  Set the arrow point of your curser on the small cube next to the amino acids name.  You click and hold the curse and using your mouse drag the curse and attached small cube to the top of the trough.  Once the tip of the arrow is over the top of the trough, stop holding the curse and the ball should appear at the top of the trough.  It will roll to the bottom. If you put the amino acid balls in the trough in the correct order you will see a message in the letter sequence they form.  Each amino acid has one letter.  Walk around the left side of the coffee shop, behind the panel, and get behind the coffee shop where you can see the trough well.  If an amino acid was missing from the dish, note what its letter was and fill in that letter when deciphering the message.  

Finally go to the question sheet and answer question 18 to 20.  Then copy the completed question page and paste into an email that you send to your instructor.  You also want to email your professor a photo of your avatar in front of the coffee shop.  To do this, click on the camera icon on the bottom toolbar.  In the box that appears you will see the image you took.  In the tool bar below the image, select email.  You probably have to refresh the image, so just take it again.  Then type in your instructor’s email address and in the small text box be sure to type your real name so our instructor can give you credit.  Click send and you are done.  I hope you enjoyed this activity and learned more about protein synthesis in ribosomes.  



Question Page 





Student Name: 








Avatar Name:
1 What is the role of genes in protein synthesis?

2 What role does mRNA play in protein synthesis? 

3 What are the three things that come together to form the initiation complex? 

4 How does an initiation complex for translation form? 
5 About how many nucleotides make up tRNA? 

6 What is the anticodon of the tRNA and how does it allow a tRNA to attach to mRNA?
7 How does an amino acid get attached to the correct tRNA molecule? 

8.  What molecules composes the large ribosome subunit?  In addition, how is the large ribosome subunit different in prokaryotes and eukaryotes? 

9. On which site of the ribosome, does the first tRNA bond to the mRNA?

10. What happens on the P site of the ribosome? 

11. Why does the tRNA at the E site of the ribosome not have an attached amino acid?

12.  What are the two defining functional groups in amino acids?  How is a peptide bond formed? 
13. Define "Releasing Factor".

14. What are the three stop codons on the mRNA?
15. When does polypeptide synthesis stop?

16. Once the final amino acid is released from the tRNA, what element does it use to complete the terminal carboxyl group?

17. What happens when the polypeptide is released from tRNA and tRNA is released from the ribosome?

18 What is the Start Codon and the associated amino acid?

19 What was the stop code on the mRNA to stop the protein synthesis? 

20 Fill in the message formed by the amino acids in the tough. 

M ___   ____ at ______
