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Analytical Cume March 31, 2007
Metabolomics '

I. (25 pts) Metabolomics involves the combination of high resolution spectroscopy and
multivariate statistical analysis of complex biological samples. The most popular chemical
analysis methods currently used in the field are 'H NMR and LC-MS or GC-MS. Which of the
following attributes are associated with each technique?

High reproducibility Analysis time <10 min/sample

High sensitivity Good selectivity

Excellent absolute quantitiation Excellent for structural identification
Excellent relative quantitation (diff. compounds)  Expensive on a per sample basis
Limited sample preparation Requires lots of sample (>500 uL)
Spectral complexity (overlap) Can suffer from ion suppression

2. (15 pts) Some of the more advanced methods currently being considered for metabolomics
studies are the following. Briefly list 1 or 2 advantages and disadvantages of each advanced
technique:

DESI MS
2D GCxGC/TOF MS
2D NMR

3. (10 pts) It is often better to combine NMR and MS to improve the separation (classification)
of populations such as “sick”™ and “healthy.” Give two reasons why this might be the case.

4. (10 pts) It has often been stated in the field of metabolomics that NMR is too insensitive for
metabolomics studies, and yet NMR seems to classify sample populations at least as well as MS
in a majority of studies. Why do you think this could be the case? (Hint: Think about the
attributes of NMR you identified in problem 1 and the types of metabolites NMR can detect.)

'5. (10 pts) The use of correlation in metabolomics is relatively new. Why do you think it could
be advantageous to correlate the results of NMR and MS data in the same sample set?

6. (15 pts) In metabolomics, data scaling is often performed to improve the classification of
samples and to help identify possible metabolite biomarkers. Two popular types of scaling are
auto-scaling, in which the signal is divided by the standard deviation (SD), and Pareto scaling, in-
which the signal is divided by the square root of SD. A good biomarker has a high biological
variation compared to the metabolite signal. Given the following data, which do you think would
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be a more likely biomarker candidate, the one detected by NMR or MS? Show your work using
both types of scaling for full credit.

NMR MS
Metabolite signal 150 80
Measurement variation 1.5 12
Biological variation 30 20

(The above variations are expressed as standard deviations).

7. (15 pts) Metabolomics is of course related biologically to proteomics and genomics. Suppose
you could collect metabolomics data and at least one of the other two types of data on a sample
set. Describe one way in which metabolomics data could be related to the other type of data.



March 31, 2007 . Biochemistry cume

1. The DNA double helix is stabilized by hydrogen bonds and base-stacking interactions. The
structure is very stable and cannot be opened in a solution mimicking physiological conditions:
i.e. at 37°C, in the presence of Mg™". However, in order for replication to take place, in cells,

the DNA must open up. Concisely describe how this is achieved by the cellular replication -
machinery.

2. In the semicontinuous mode of DNA replication, relatively short RNA segments are
. synthesized by an RNA polymerase.

A. What is semicontinuous mode of DNA replication?

w

. What is the function of the short RNA segments?

. How are these RNA segments eliminated after DNA replication?

S 0

. How does the cellular machinery create two continuous daughter DNA sequences from the
parental DNA?

3. After completion of DNA replication, in cells, proper DNA segregation presents a major

topological problem. Concisely describe how the prokaryotic and eukaryotic cells resolve
this problem.

4. The pathways that work in conjunction with DNA replication are often targeted for creating
anti-cancer agents.
A. Why these pathways are good targets for designing anti-cancer agents?

B. Thymidylate synthase is one of the favored targets for design of chemotherapeutic agents.
Why Thymidylate synthase is a good target for specific anti-cancer agents?

C. 5-Fluorodeoxyuridylate is a potent antitumor agent.
How does 5-Fluorodeoxyuridylate inhibit DNA replication?



INORGANIC CHEMISTRY CUMULATIVE EXAM
March 31, 2007

1. Chlorine dioxide oxidation of cysteine (CSH) has been investigated under pseudo-
first-order conditions (with excess CSH) in buffered solutions from pH 2.7 to 9.5.
The reactions are observed spectrophotometrically by the rate of loss of C10,. The
proposed mechanism is:

Ka2 ’
CSH cs + H Ko = 10813 rapid pre-equil
Cs + ClO, S <N ClO, rate determining
CS* + ClO; —> products fast

() If[CSH]}r = [CSH] + [CS'], dertve the rate expression (in terms of [CSH]r,
[C10,] and [H™]) for the loss of ClO,.

(b) Chlorine dioxide is an eXtremely reactive species. Sketch its electron-dot
structure and explain why it is so reactive.

2. The following mechanism is proposed for the reaction of ozone with excess bromide
ion in acidic solutions, where BrOOO is a steady-state intermediate:

|
05 + Br™ 2 BrOOO" 1)
-
BrOOO™ + H —%5 HOBr + 0, @)
BrOOO™ + H,0 —% 5 HOBr + 0, + OH~ 3)
HOBr + Br™ + H* L% 5 B+ H.0 (4)
CH'+OH™ 8%, .0 (5)

(a) Give the equation of the overall reaction. Is this reaction (1) acid catalyzed or (2)
acid assisted, or (3) neither?

(b) Derive the rate expression for the rate of O; loss and rate of Br, formation.
(c) What is meant by a “steady-state intermediate™?

How does this differ from transition states? What is the composition of the transition
state(s) for this mechanism?



Organic Chemistry
March 31, 2007
Prof. David Liu at Harvard is a pioneer in DNA-templated organic synthesis (DTS). He

uses DNA strands to bring chemical reagents together and promote chemical reactions
between these reagents. One example is shown below.

Figure 1. Strategy for the single-solution synthesis of an ordered triolefin.
Building blocks are transferred sequentially among phosphorane reagents 1-3
before addition to an aldehyde-linked template 4. The rigidity of double-stranded
DNA enforces Wittig olefination regioselectivity. As the reaction temperature is
elevated, the DNA secondary structure undergoes sequence-programmed changes
that enables the desired Wittig olefination to take place selectively. [Snyder, T.
M. & Liu, D. R. Ordered Multistep Synthesis in a Single Solution Directed by
DNA Templates. Angew. Chem. Int. Ed. 44, 7379-7382 (2003)].



(1) Briefly discuss the advantages of DTS. (20 points)

(2) For the reactions that can be done through DTS, what are their common features? And
- then give two specific examples of the applicable chemical reactions besides those in the
above example. (20 points)

(3) Briefly discuss the potential disadvantages/limitations of DTS. (10 points)

(4) Could you design a strategy to overcome these limitations? If yes, briefly describe
how. (10 points)

(5) Identify one specific application of DTS and discuss it in detail. (20 points)

(6) Could you generalize DTS to other biomacromolecules? How? Please discuss with
specifics. (20 points)



1)

2)

3)

4)

Physical Chemistry Cume -  March 31, 2007

(25 points) Explain the relationship between Helmholtz free energy and the
chemical potential.

(25 points) How are the chemical potentials of water molecules in the vapor,

liquid and solid phase. related to each other at the following three temperatures. (at
ambient pressure}: 0°C, 50°C, and 100°C.

(25 points) What constraint does the Gibbs-Duhem equation place on chemical
potentials in a mixture at constant temperature and pressure?

(25 points) What is the Legendre Transformation that converts Gibbs free energy
to a potentially energy function which determines the direction of spontaneous
transformations in system held at constant P, T and p; (where p, is the chemical
potential of one of the components in the system, and you may assume that the
system is enclosed by a container that is impermeable to all the other
components). '
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