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ECS 129: Structural Bioinformatics
Finals
December 10, 2008

The final exam is open book, open notes.

You have 2 hours, no more: I will strictly enforce this.

The final is divided into 2 parts, and graded over 110 points (with 10 additional possible
extra credit points at the end of Part II).

You can answer directly on these sheets (preferred), or on loose paper.

Please write your name at the top right of each page you turn in!

Please, check your work! If possible, show your work when multiple steps are involved.

I will send you an e-mail with your overall grade (homework + midterm + final).
Answers to the questions in the final will be available on the class web page on Thursday.

Part I (12 questions, each 5 points; total 60 points)
(Most of these questions are multiple choices; in each case, find the most plausible answer)

1y

2)

The current estimate for the number of human genes is 30,000. Assuming that a gene
contains on average 1,000 nucleotides, genes occupy 30 million bases out of the
estimated 3.2 billions total nucleotides of the genome. The remaining nucleotides are:

o A) alien DNA that currently remains dormant,

o B) junk DNA,

o C) the real genetic information, as genes are only “backup” storage, which is only
used in case of emergency

o D) a combination of control regions for genes, RNA coding regions, and regions

whose purpose is still not known

The figure below shows a non-standard nucleotide base pair; identify it (note that dX
indicates a deoxyribonucleotide, as contained in a DNA molecule, while rX refers to a
ribonucleotide, as found in an RNA molecule).

_ o A)dA -dC

/\ o B)rA —rC

o C)rA—-dT

I 4 o  D)rA-dC
o/ |

>3
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3) The figure below shows a small peptide of six amino acids; give its sequence: (hint: there
is one charged amino acid at physiological pH — from pH 5.5 to pH 8.0)

A) AWEFGF
B) AWDFPY
C) AYDYPW
D) AWNFPY

O O O O

4) You want to design a small peptide that can interact with the major groove of a double
stranded DNA molecule. Your constraints are: the peptide should be helical (at least
predicted to be mostly helical, based on Chou and Fassman, see appendix D), it should
contain 12 residues, and it should be charged at physiological pH (pH 5.5 to pH 8).
Which of the following peptide would be the best candidate?

A) MPGCLWQALGLP
B) MPGLEWQLEGLP
C) MPGYTWTTVGST
D) MPGLEDELEDG

O O O O

5) Which of the following statements is probably false:

A) RNA can impair gene expression

B) A protein may exist in different conformations inside a cell

C) All proteins start with a methionine

D) Many bacteria on earth have their own genetic code that differ from the
genetic code we know

O O O O

6) Peptide Nucleic Acids, or PNAs, are synthetic oligomers with a protein backbone on
which bases (purines and pyrimidines) are linked every second N. Unlike DNA, PNAs
do not contain sugars or phosphate groups. PNAs are represented as proteins, from Nter
to Cter. Find the “sequence” from Nter to Cter of the PNA shown below:
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A) Nter-TACGTA-Cter
B) Nter-CGTACG-Cter
C) Nter-CATGCA-Cter
D) Nter-TGCATG-Cter

O O O O

7) One of these statements about protein structure prediction is incorrect:

@)

A) Homology modeling predicts the structure of a target protein using the
structure of a homologous protein (the template)

B) Chou and Fasman developed a method for secondary structure prediction
C) folding@home is a program that predicts the structure of proteins using
distributed computing

D) ab initio methods predict the structure of a protein by interpolation from the
structure of its messenger RNA.

8) We want to find the best alignment(s) between the 2 DNA sequences AATGTC and
AGCTC. The scoring scheme S is defined as follows: S(i,i) = 10, S(i,j) = 5 if i and j are
both purines, or both pyrimidines, and S(i,j) = 0 if i is a purine and j is a pyrimidine, or if
i1is a pyrimidine and j is a purine. There are no gap penalties. The score Sbest and the
number N of optimal alignments are (show your final dynamic programming matrix for

9)

full credit):

o A) Sbest =40, N=1
o B) Sbest =45, N =2
o C) Sbest =45, N =1
o D) Sbest =40, N =3

The same small RNA molecule with a specific catalytic activity has been found in 4
different species. The four corresponding sequences are different, but it was possible to
align them, without gaps. This alignment is given below. Which of the two structural
models show below fits best with this alignment? (hint: only look for perfect co-
variation):
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Sequence alignment:

CCCGCCCCUUUUCCGAGGGUCAUCGGAACCA
CCGUUCGCUUGCGAUCCGAACAGAUCGCCCU
GCCUGAGCUUCGGGACCUCACUGUCCCGCCA
CCCUAUACUUAAUAGUUAUACAACAAUUCCA

Structural modds:

A) B)

10) The parenthesis diagram for model B above (question 9) is:

CCCGCCCCUUUUCCGAGGGUCAUCGGAACCA
-———(((=—-LIIII[D)))---111111---

What can you say about this representation?

e A) We had to use two types of symbol for representing the base pairs. The
standard grammar used for RNA secondary structure does not apply as this
structure contains non nested base pairs

@ B) This is a typo, and all brackets should be replaced with parentheses

@ C) This parenthesis representation is wrong as it contains a base pair between two
consecutive nucleotides (A in CGA and first G in GGG)

e D) This parenthesis representation corresponds to model A above, and not model
B.
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11) The so-called Rosetta stone for predicting protein-protein interactions is:

o A) Gene fusion

o B) Gene co-expression

e C) Presence of the name of the two proteins concerned in the same scientific
paper

e D) A very old stone recently found in Gizeh, Egypt, next to the Sphinx, that

describes the code for protein-protein interactions in three languages:
hieroglyphic, demotic and Greek

12) Only one of these statements is correct:

@ A) Dynamic programming is used to predict tertiary contacts in RNA, such as
kissing hairpins and pseudo-knots
@ B) BLAST align protein sequences using the Smith and Waterman dynamic

programming approach

e C) Most RNA molecules are single stranded, while DNA is usually double
stranded

o D) All genes have at least one, but less than ten introns

Part II (one problem, 4 questions, 10 points each; total 40 points)

The following eukaryotic DNA sequence was given to you:

Y

5’-CCCTTAATGCGTATCGCTCACGAGATGTTGGGCGGCTAA-3’.

You are told that this sequence, or its complementary, codes for one gene. Find the
longest “gene”, or open reading frame (ORF) corresponding to this DNA sequence;
remember that there are 6 possibilities, i.e. 3 possible reading frames for one strand and 3
possible reading frames for its complementary, Transcribe this ORF into an RNA
sequence.
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2) As this is a eukaryotic sequence, the gene you have identified may contain an intron. For
simplicity, we will assume that introns always start with GU and end with AG (in the
RNA sequence). Identify all possible introns, and explain why their removal would
result in the loss of the gene.

3) Based on question 2 just above, we know that the RNA is not spliced. Find the sequence
of the “protein” it encodes.

4) Predict the secondary structure of this “protein” using the Chou and Fassman method,
with the propensities given in Appendix D
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5) (Extra credit: 10 points): Can you find a single mutation at the DNA level of that gene
that will modify the corresponding “protein” such that it will be predicted to be fully
extended (i.e. predicted to be a strand by Chou and Fassman)? (Note: there are several
possible answers)

Part III (10 points)

Protein Nucleic Acids (PNA, see question 6, part [ above) attract a lot of attention (their
inventors have already deposited twenty patents) because of two main properties:
- They are not degraded by nucleases (proteins that degrade nucleic acids) or proteases
(proteins that degrade other proteins)
- They can bind to DNA and RNA
Propose different applications of PNAs, both for fundamental research and for medical research.
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Appendix A: Amino Acids

Hydrophobic Amino Acids

CB

CA

GLY ALA

val (V)

CD1

lle (1)

CA
Phe (F)

Met (M)

Polar Amino Acids (1)
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Polar Amino Acids (2)

OE2

Glu (E) Lys (K) CA

OD2

Arg (R)

Appendix B: Nucleotides

O NHs
NH NZ N
N
| H A g ﬁ>
Thymine(T) Aderune (A)
NH; o)
B HN
| N
N/ko HzN)\\\Nl N>

Cytosine (C) Guanine (G)



Appendix C: Genetic Code

Name:

U C A G

U Phe Ser | Tyr Cys | U
Phe Ser | Tyr Cys C

Leu Ser | STOP | STOP | A

Leu Ser | STOP [ Trp G

C Leu Pro | His Arg | U
Leu Pro | His Arg | C

Leu Pro | GIn Arg | A

Leu Pro | GIn Arg | G

A Ile Thr | Asn Ser | U
Ile Thr | Asn Ser C

Ile Thr | Lys Arg | A
Met/Start| Thr [ Lys Arg | G

G Val Ala | Asp Gly | U
Val Ala | Asp Gly C

Val Ala | Glu Gly | A

Val Ala [ Glu Gly | G

Appendix D: Chou and Fassman Propensities

Amino Acid Helix Strand Turn
Ala 1.29 0.90 0.78
Cys 1.11 0.74 0.80
Leu 1.30 1.02 0.59
Met 1.47 0.97 0.39
Glu 1.44 0.75 1.00
Gln 1.27 0.80 0.97
His 1.22 1.08 0.69
Lys 1.23 0.77 0.96
Val 0.91 1.49 0.47
Ile 0.97 1.45 0.51
Phe 1.07 1.32 0.58
Tyr 0.72 1.25 1.05
Trp 0.99 1.14 0.75
Thr 0.82 1.21 1.03
Gly 0.56 0.92 1.64
Ser 0.82 0.95 1.33
Asp 1.04 0.72 1.41
Asn 0.90 0.76 1.23
Pro 0.52 0.64 1.91
Arg 0.96 0.99 0.88
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Solutionsto Part | and Part |1 of thefinal:

Part I:
- Question 1: D: option A was appealing, but the correct answer is D!

- Question 2: C: rA-dT: look at sugars to find the ribo and deoxyribo sugars; pyrimidine is
thymine as it contains a CH3.

- Question 3: C: C and D both match the figure, and the only ambiguity is for amino acid 2;

since the peptide contains a charged residue at physiological pH, it must be E at position 2, and
not Q.

- Question 4: B: C is predicted to be in extended (strand) configuration. A, B and D are

predicted as helices, but D only contains 11 residues, and A is mostly hydrophobic and does not
contain charged residues.

- Question 5: D. The genetic code is “universal”, i.e. applies to all form of life on Earth

- Question 6: B.

- Question 7: D. There are no known correlation between the structure of a protein and the
structure of its corresponding RNA

- Question 8: C. The dynamic programming matrix for this question is (one trace back is shown
in red; the two other options are shown with arrows)

A A | T G T C
A 10 —0C0 5 0 0
G 5 15 10 & 10 10
C 0 10 20 7&\ 25 30
T 0 10 25 20 | 30 w30
C 0 10 20 25 30 $~0

- Question 9: The correct structural model is B. I show below the columns of the alignment that
co-vary with letters and numbers (2 columns having the same letter on top co-vary):

123 abcdef321 fedcba
CCCGCCCCUUUUCCGAGGGUCAUCGGAACCA
CCGUUCGCUUGCGAUCCGAACAGAUCGCCCU
GCCUGAGCUUCGGGACCUCACUGUCCCGCCA
CCCUAUACUUAAUAGUUAUACAACAAUUCCA

- Question 10: A. Model B is a pseudoknot, which cannot be represented with parentheses only.
We need both parentheses and brackets.

11
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- Question 11: A. The existence of gene fusion is considered the Rosetta stone for understanding

protein-protein interactions. It is definitely not a stone found in Egypt...though it would be

nice!!

- Question 12: C. RNA is indeed single stranded. RNA secondary prediction using dynamic

programming only detects secondary structures, and cannot predict pseudo-knots. BLAST is a

heuristic approach that does not use dynamic programming. Bacterial genes do not have introns.

Part 11

The following eukaryotic DNA sequence was given to you:
5’-CCCTTAATGCGTATCGCTCACGAGATGTTGGGCGGCTAA-3’

- Question 1:

We don’t know if the sequence given corresponds to the coding strand, so we need to check both
this sequence S, and its complementary C:

5’-TTAGCCGCCCAACATCTCGTGAGCGATACGCATTAAGGG-3’
The complementary strand C does not contain any ATG (Start codon)

The initial sequence S contains two ATG in phase, and one TAA (stop codon), in phase with
both ATG. Consequently, the longest ORF goes from the first ATG to TAA:

5" ATG CGT ATC GCT CAC GAG ATG TTG GGC GGC TAA-3’
The corresponding RNA sequence is:

5 AUG CGU AUC GCU CAC GAG AUG UUG GGC GGC UAA-3’
- Question 2:
There are two GU and one AG in the RNA sequence:

57 AUG CGU AUC GCU CAC GAG AUG UUG GGC GGC UAA-3°
Based on the positions of these markers, there is one putative intron:

GU AUC GCU CAC GAG

If we remove this putative intron from the RNA sequence:

57 AUG CAU GUU GGG CGG CUA A-3°

12
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The start and stop codons are no more in phase, and we have lost the gene. Therefore this is not
an intron, and the RNA sequence remains intact.

- Question 3:

The protein sequence is obtained directly using the genetic code:
Nter — Met Arg Ile Ala His Glu Met Leu Gly Gly — Cter

- Question 4:

To predict the secondary structure of this peptide, we use the Chou and Fassman propensities:

M R I A H E M L G G

P(!) 1.47 0.96 0.97 1.29 1.22 1.44 1.47 1.30 0.56 0.56

P(") 0.97 0.99 1.45 0.90 1.08 0.75 0.97 1.02 0.92 0.92

- nucleation sequence: IAHEML
- extension: add R and M on Nter side, and first G on Cter side
- Computer average over 9 first residues: 1.11 > 1.03

9 first residues predicted to be helical.

Strand:
- no nucleation site

The prediction is therefore: HHHHHHHHHO

Note: if you use the nucleation sequence: HEMLGG to predict the helical content, you find that
the whole peptide is helical! This is a problem of the Chou and Fassman scheme...I counted both
answers as correct.

- Question 5:

Both Glu and Met are strong helix stabilizers according to the Chou and Fassman propensities.
If we replace Glu with a strong strand stabilizer, we create a strand nucleation site that can be
extended up to the Nter Met, and to the first Gly on the Cter. Glu can be mutated to Val with a
single mutation (GAG -> GUGQG), and Val has a small P(! ) (0.91) and a strong P(") (1.47).

With the new sequence MRIAHVMLGG, the propensities are:

M R I A H \ M L G G

P(!) 1.47 0.96 0.97 1.29 1.22 0.91 1.47 1.30 0.56 0.56

P(") 0.97 0.99 1.45 0.90 1.08 1.49 0.97 1.02 0.92 0.92

13
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And the peptide MRIAHVMLG has a propensity to be a strand of 1.08. The same sequence
however has a propensity to be a helix on 1.18, and the Chou and Fassman method would predict
the conformation of the peptide to be helical.

If we replace Met with Val:

M R I A H E \ L G G

P(!) 1.47 0.96 0.97 1.29 1.22 1.44 0.91 1.30 0.56 0.56

P(") 0.97 0.99 1.45 0.90 1.08 0.75 1.44 1.02 0.92 0.92

This time, the whole peptide (MRIAHEVLGG) is predicted to be a strand, with an average
propensity of 1.04. Since only the first 9 residues of the peptide would be predicted helical,
Chou and Fassman would then predict the conformation of this peptide to be a strand.

Met can be replaced with Val with a single mutation: AUG - > GUG

Consequently, one possible mutation is:
5 AUG CGU AUC GCU CAC GAG GUG UUG GGC GGC UAA-3’

We obtain the same result if we replace Met with Ile, where the single mutation is:
5 AUG CGU AUC GCU CAC GAG AUU UUG GGC GGC UAA-3’

or 57 AUG CGU AUC GCU CAC GAG AUC UUG GGC GGC UAA-3’
or 57 AUG CGU AUC GCU CAC GAG AUA UUG GGC GGC UAA-3°
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