Assignment IX 
RNA and secondary structure prediction 
Warning: structure prediction using web servers may take a long time, please do not delay your homework to the last minute. 

1. All tRNA sequences natively fold into the well-known cloverleaf structure. However, most folding algorithms have severe problems predicting that structure. Test the MFold webserver (http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form) for its capability to predict the correct cloverleaf shape. Compare the MFold structure with the one predicted by tRNAscan-SE in the tRNA database 
(http://gtrnadb.ucsc.edu/Hsapi/Hsapi-structs.html)
>chr6.trna95 Length: 73 bp. Type: Ala. Anticodon: AGC at 34-36


GGGGAATTAGCTCAAGCGGTAGAGCGCTCCCTTAGCATGCGAGAGGtAGCGGGATCGACGCCCCCATTCTCTA
a. Fold the tRNA sequence using the MFold webserver. How good is the prediction? Can you recognize the cloverleaf structure? (10 points)
· No there is no discernible cloverleaf structure.

b. Does the program predict the location of the anticodon triplet correctly? (In the middle of a loop) (10 points)

· Not particularly, though the AGC is placed at the beginning of a large central loop.  I would not say it has been placed correctly though. 

c. Force bases 27 and 43 to be a pair. Does it improve the program’s prediction of the anticodon triplet? Report the constraint information you used. (10 points)

· The structure is a recognizable cloverleaf now and the AGC is well center in the middle of a loop so it did improve the prediction.
· Constraint info is: F 27 43 1
d. Can you achieve the same result without using the previous constraint (i.e., without forcing bases 27 and 43 to be a pair), by forcing the anticodon bases (34-36) to be single stranded? Report the constraint information you used. (10 points)

· No, the AGC was originally unpaired to begin with so this is the same structure as originally predicted.
· Constraint info is: P 34 0 3
2. A second approach to RNA secondary structure prediction is to look for conserved stem regions in related sequences. This method involves looking for regions within sequences where stems have been conserved, even when the bases have mutated. For this to happen, it would require that if a G mutated to an A, then the opposing C in the base pair would mutate to a U. These regions are found by aligning related RNA sequences, and applying an algorithm that looks for these sorts of paired mutations in predicted stem regions. 
- Use Blast to find the first hit of trna95 (from question 1) in the cow, chicken and mouse genomes.

- Align the sequences

- Submit the multiple alignment to the RNA secondary structure prediction server (http://www.genebee.msu.su/services/rna2_reduced.html).

IMPORTANT: After the alignment, the program puts asterisk below conserved residues. These must be removed before submitting the alignment to the RNA secondary-structure prediction server. 
a. How many stems are predicted? (10 points)

· Four stems
b. Does the structure that has been predicted from sequences agree well with the one predicted by tRNAscan-SE in the tRNA database? (10 points) 

· Yes, both predicted structures are very similar.
3. The secondary structure of the first 30 amino acids of the protein 1CRZ is defined to be: 

DSGVDSGRPIGVVPFQWAGPGAAPEDIGGI
-------EEEEE---EE---------HHHH
Use PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) and GOR
 (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html)programs to predict the secondary structure of the sequence. 

Compare the two predictions for the first 30 amino acids to the known structure. Quantify the prediction accuracy (% of sites predicted accurately) of the two programs for the first 30 amino acids. (20 points) 

· PSIPRED:  66.7%
· GOR : 63.3%

4. Find the sequence of immunoglobulin G-binding protein studied by Minor and Kim (1996. Nature 380:730-734). Construct the engineered “Chameleon” sequence as described in the lecture. Use PSIPRED http://bioinf.cs.ucl.ac.uk/psipred/ to predict the secondary structure of both sequences. 

a. Report the differences between the two predictions. (10 points)

Position 2 in GB1 is helix while in the “chameleon” is a coil

Positions 33, 34 are coils in GB1 while in the “chameleon” they are strands 

b. Based on Minor and Kim’s results, what is the extent to which the secondary structure of a protein is determined by local conformational preferences between amino acids? (10 points)
· Minor and Kim’s results showed that the “chameleon” sequence used in the study had no obvious propensity for a particular secondary structure and would in fact unfold in isolation.  Instead its preferred secondary structure, either that of an alpha helix or beta-sheet was determined by non-local tertiary effects depending on its location in the protein.  Therefore the extent of a proteins secondary structure coming from local conformational preferences is dependant upon the context of the tertiary binding environment. 

