No Analytical crib available
December 13, 2008
Written by Professor Ramachandran

No Inorganic crib available
December 13, 2008
Written by Professor Robinson

No Physical crib available
December 13, 2008
Written by Professor Dian




December 13, 2008 CRIB Biochemistry Cumulative Examination
5 questions 20 points each Technigues in Molecular Biology

1. (a) What is a DNA chip (a DNA microarray)? Describe in some detail (but =1 pg in blue book).
Typically an array of immobilized S8 oligonucleotides, Can represent almost

anything...entire genome...expressed genes...see below, ... Is probed with denatured (ssDNA), look for

hybridization signal, from fluorescently labeled samples.

How might it be used to

(b) Assess changes in gene expression levels between normal cells and cancer cells?

Array should contain short oligonucleotides from as many expressed
genes as possible. Isolate mRNA, make cDNA, label “normal” ¢cDNA with green fluorescence,
“cancer” cDNA with red fluorescence, probe single chip with mixture of ¢cDNAs and analyze at both
wavelengths of light.

(c) Identify (most or) all of the species of bacteria present in an infection
Array should contain oligos from many species corresponding to regions that vary
significantly between microorganisms.

(d) Screen for a genetic predisposition to breast cancer (mutation in the BCRA gene, where a

point mutation almost anywhere in the gene is associated with cancer).
Array should contain short cligos that cover entire length of wild type BCRA gene. As control, need denatured

DNA (bloed samples) from normal individuals. Denature the DNA in the samples - a process that separates the two
complementary strands of DNA into single-stranded molecules. Cut the long strands of DNA into smaller, more manageable
fragments. and Label cach fragment by attaching a Muorescent dye. The individual's DNA is labeled with green dyc and the
control - or normal - DNA is labeled with red dye. Both sets of labeled DNA are then inserted into the chip and atlowed to
hybridize - or bind - to the synthetic BRCAT DNA on the chip. ITthe individual does not have a mutation for the gene, both
the red and green samples will bind to the sequences on the chip. Wild type will bind preferentially if the patient has a
mutation in a given region of the gene.

(e) Screen for alternative splicing of mRNAs
Array should contain oligos specific to all possible products of alternative splicing

Be sure to include in your discussion what type of controls are run to correctly interpret data.

2. You have discovered a very important protein that, when present, causes cancer cells to grow and
divide at 20 times the normal rate. Further study reveals that the protein is regulated by the retinoic acid
receptor (RXR), which binds DNA upstream of the gene encoding this protein and acts as a
transcriptional regulator. You also discover that a derivative of retinoic acid slows tumor growth ($$%).
Your drug candidate (retino-125) binds to the RXR protein and induces a conformational change that...
1. may alter the ability of RXR to bind to DNA. with the same affinity as the RXR:retinoic acid
complex. Alternatively it... 2. may still bind with similar affinity but not allow transcriptional
activation. Qutline strategies to test these two hypotheses.

1. A DNA-gel-shift assay can assess the effect of drug on protein-DNA binding
interaction

2. Transcription is assayed using a reporter gene such as /v in a transcriptional fusion
using the promoter region upstream of the gene encoding your protein.  Could also look at mRNA
levels through hybridization.

———



3. Most site-directed mutagenesis kits use polymerases that replicate the entire plasmid using mutagenic
primers. After doing a reaction, you note that your protein is no longer expressed from the mutated
plasmid and begin your trouble-shooting by doing a restriction digest of the plasmids with the enzyme
EcoRlI, which cuts just once. While the fragment size of the starting plasmid was 5.4 kb, as expected,
the new plasmid is smaller, only 5.0 kb. Next, you do a more in depth series of restriction digests
(single and double digests), of both the original plasmid and the new plasmid, to construct a restriction
map and see how they differ. The following data is obtained:

Enzyme Original plasmid New plasmid
Fragment sizes (kb) Fragment sizes (kb)

EcoRI 5.4 5.0

HindlI 21,19, 14 2.1, 1.5, 14

Sal | 5.4 5.0

EcoRI and HindIil 2.1,14,13,06 2.1,14,13,02

Sal I and HindIlI 19,14,12,09 1.5,1.4,1.2,09

Draw circular restriction maps for both plasmids based on this data. (Don’t worry about drawing to
scale just label distance between sites, as shown in example of restriction map below). Where is the
difference between them? One possible solution is shown below, The EcoRI to HindIII fragment
decreased fron 0.6 to 0.2 kbp in length.

/0.2 in new plasmid

EcoRl 7
| og , Hindl
Hindll LT
P T
/ A%
Iy 12
;{ { 5.4 kbp .
144 /’/
N /,//
N
\,\\\ e gl
fooT
0.9

Hindiil




4, Identify each of the elements labeled in the plasmid below and explain the purpose for their presence
on a cloning vector. Based on the elements that are present, what could this plasmid be used for?
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PCMV: cytomegalovirus promoter: eukaryotic expression

T7: bacterial phage promoter followed by multiple cloning site
BGH polyA: pelyadenylation signal for inserted gene: role in
nuclear export, translation and/or stability of mRNA

fl ori: preparation of single-stranded DNA by phage infection
Neomycin resistance: selection for plasmid in eukaryotic cells
SV40Q ori: replication in eukaryotic cells

SV40 polyA: polyadenylation signal for neomycin resistance gene
ColEL: Origin of replication in E. coli

Apr: Ampicillin resistance, selection for plasmid in bacteria

This plasmid is used as “shuttle vector™ that can propagate in two
different host species.




5. The following vector is designed to simplify the process of making a fusion between a protein of
interest and an engineered green fluorescent protein (EGFP). Design two PCR primers to amplify the
gene shown below and clone it into the multiple cloning site (MCS) of the vector, in order to generate a
protein fusion. STRATEGY: Incorporate restriction sites into your primers so that you can amplify the
gene and clone it into the vector using restriction enzyme digestion and ligation reactions. For the
purpose of this exercise, we will assume that none of the enzymes listed in the MCS cut within your
gene. (Recognition sites for enzymes are underlined. ..all are 6 bp long).

Your grade will reflect both your ability to design PCR primers correctly (indicate 5° end!), and the
success of your strategy to make the fusion protein,
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Many solutions, however. .,

o -primers are designed to amplify gene and elone into MCS

hro sco gee gra e ee | -MUSt anneal to 57 or 37 end of gene for amplification

o1 /31 -primers must also contain restriction site for cloning, added as extension to 5 end of
110 GT6 GTC TVY $TC goR primer

[s1/01 -must remove termination codon at 3* end of gene

FEVESTET R R —must be in frame with EGFP at 3” end
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GTC GAR GCG RTG RCG CTG Agel EGFP

v E A H Y G 5°-AAG GAG CCG GGC GTT ACC ACC GGT CGG ACC AYG GYG

631/211 K B P G v T T G R T i v {end of gene fused to Met of EGFP)

CCG SCA RO 6T TTT oTe 37-TTC CIC GGC CCE CAA TGG TGG CCA GCC -~ 57

221 /241 Follewing amplication of gene, PCR product (and pEFGP-1 vector) are cut with BglII and
gge §T6 CRG £TG CCG ATe Agel and gene is ligated into multiple cloning site,
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All'of the questions are from the following article (JACS, 2008, /30, 14891) by Professor
Michael Krische, who discussed this work during the Negishi-Brown Symposium in October.
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L. Provide the missing structures (A-D} in the proposed mechanism of the transfer hydrogenative
coupling (30 points).
ARTICLES i et al
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II. Provide the structure(s) of the expected product(s) from the following reaction (20 pts.)

OH {le{eod}i)s (2.5 molth)
A BIPHEF {5 mol¥%)
”&y ¢ l\fir - 7
DD Cs,C04 (20 mal¥h)

M-RO-B20OH (16 tmol%)
1 equiv.  1m, 100 mol% THF Q.2 M)
Ar= p-(COMePh 100°C, 20 brs

OH OH
#F fl&“ﬂ.r + Dj’fﬂ/j\m
INEEW] )

I Professor Krische has compared his reaction with the following reagents/reactions, which
bears the name of the organic chemist who discovered them. (a) Provide the names of five of
these chemists for the appropriate reagent/reaction (10 pts). (b) What is BINOL in reaction 9 (5
pts)? (c) Provide the configuration of reagent 4. Explain (5 pts}. (d) Write a plausible general
mechanism for reaction 9 (30 pts).
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