Web Exploration and Visualization Activity
Name _____________________________________________________________ Date ________________

The Dark Side of Insulin
Q1. Based on your knowledge about insulin and understanding evolution complete the following sentences:
a. Insulin is a peptide hormone composed of ____________________ polypeptide chain(s), held together by 3 _____________________ bonds.
b. Insulin is synthesized as a preprohormone called _____________________________________. 
c. Proteins from different organisms with highly conserved sequences are likely to have _____________________ (similar/different) functions.
d. Proteins related to insulin have conserved _____________________ residues in order to form __________________________.

Overview:
By comparing the cone snail, human and fish insulin protein sequences and structures, this activity focuses on understanding the molecular basis for cone snail insulin’s ability to rapidly stun zebra and other fish. 

Learning Goals:
1. Search for a specific protein and its relatives in the archive
2. Compare the sequences and structures of related proteins
3. Explore the structure to understand its structure function relationships 

Exercise:
Conus geographus is a predatory cone snail that lives in reefs of the tropical Indo-Pacific, and hunts small fish. Read the article: (http://www.sciencemag.org/news/2015/01/insulin-infused-venom-helps-cone-snails-net-prey)  

[image: ]

At the time that this article was published, there was no structure of Conus geographus insulin in the PDB archive, so lets start the explorations at the level of protein sequences of conus insulin(s). 

A. Find cone snail insulin in the Protein sequence DB (UniProt): 
Search through the UniProt (http://www.uniprot.org/) for “conus geographus insulin”. (Level: Introductory)
Q2. How many sequences matched your search?

 
Select the cone snail insulin sequences (insulin 1, insulin 2, insulin 3) and align them (by clicking on the align button in the top frame).
The screen should look like the following just before the alignment.
[image: ]

Q3. How well do these sequences align? Take a screen shot of the alignment and include it in your answer. 














Q4. List the UniProt identifier and FASTA sequence for the “Insulin 1” protein. 















B. Find and compare the sequences of insulin from with various species – human, bovine, zebra fish and cone snail.
Start a UniProt search for all insulin sequences in the archive. (Hint: launch an advanced search with protein name Insulin and gene name INS). 
The search screen should look like the following:
[image: ]
From the search results select the sequences of human, bovine, and zebra fish and run a sequence alignment. 

Q5. How well do these sequences match up? 








 

Add the FASTA format sequence for one of the cone snail insulin proteins to the alignment and re-run it. Color the signal peptide and propeptide sequences by checking on these annotations. 

Note: when adding the cone snail insulin 1 sequence copy and paste the whole FASTA sequence from the website. If you paste it from a document, hidden extra characters may lead to matching failures. 

Q6. Comment on what you see in the alignment?














Q7. Examine the sequences carefully to see if and where the sequences of the conus snail are more similar to the zebra fish insulin sequence but different from the human sequence. 












Q8. Show the alignment of these sequences as a tree diagram – which sequences are more closely related?








Mapping sequence to structure
Visualize the structure of human insulin (PDB entry 1trz) in Chimera. 
Q9. Mark 2 regions that are different in the human and cone snail proteins by showing the side chains of the residues. What can you conclude from these observations? (Level: Advanced)










Complete the following questions for HW:
Using the conus insulin sequence, search for a match in the PDB archive.

Q10. Did you find any structures in the PDB that match the sequence?









  
Q11. If you found the structure of conus snail insulin in the PDB, compare it with the structure of human insulin (PDB ID 1trz). Mark regions that are distinctly different from the human insulin






[bookmark: _GoBack]



Extension and Enrichment:  
Q12. Based on your understanding of human insulin structure and function comment on whether the cone snail insulin will be monomeric or oligomeric. Provide evidence in support of your comment(s).










An interesting aside:
Much like the conus snail’s strategy for catching prey, an overdose of insulin can kill a person. Read the book “Reversal of Fortune” or watch the movie (trailer at https://www.youtube.com/watch?v=rjpxkaSzMpI) on this topic. 
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Insulin-infused venom helps cone snalils net prey

By David Shultz | Jan. 19, 2015, 3:00 PM

The most venomous animal on the planet isn't a snake, a spider, or a scorpion; it's a snail—a
cone snail, to be precise. The Conus genus boasts a large variety of marine snails that have
adopted an equally diverse assortment of venoms. Online today in the Proceedings of the
National Academy of Sciences, researchers report an especially interesting addition to the
animals’ arsenal: insulin. According to the paper, this marks the first time insulin has been
discovered as a component of venom. Not all cone snails incorporate insulin into their venom
cocktail, wonderfully known as nirvana cabal; the hormone was found only in a subset of the
animals that hunt with a netting strategy that relies on snaring fish in their large, gaping
mouthparts. Unlike the feeding tactics of some cone snails that hunt using speedy venom-
tipped “harpoons,’ the mouth-netting strategy is a rather slow process. For it to work, the fish
either needs to be very unaware of its surroundings or chemically sedated. Scientists
speculate that it's the insulin that provides such sedation. Snails like Conus geographus (seen
above) actually produce multiple variants of the hormone, some of which, like one called

Con-Ins G1, are more similar to fish insulin than snail varieties. Con-Ins Gl isn't an exact match |

of fish insulin though; it's a stripped-down version that the team suspects may be missing bits
that would let fish detect the overdose and respond. If they're correct, the snail's venom may
yield insight into the nuances of how insulin is regulated that may extend to humans.

Posted in: Biology, Plants & Animals

DOI: 10.1126/science.aaa6364
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