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1)  This question tests your understanding of the eight required-reading papers. Circle all correct statements or statement numbers. Grading: Each question = 3 pts. Circling all correct answers = 1.5. Not circling all incorrect answers = 1.5.
A)  High-throughput sequencing allows the identification of binding molecules isolated from DNA-encoded chemical libraries. Luca Mannoccia et al. PNAS 105:17670–17675, 2008. 

The authors:
i.  Tested a large number of proteins for binding to a particular DNA molecule.
ii.  Isolated DNA molecules that are able to bind a protein by virtue of their particular sequence.
iii.  Isolated DNA molecules that are able to bind a protein by virtue of a linked organic molecule.
iv.  Used a linked organic chemical as a bar code.
v.  Used a DNA sequence as a bar code. 

B) Clonal selection and in vivo quantitation of protein interactions with protein-fragment complementation assays, I. Remy and S.W. Michnick  PNAS 96, 394–5399, 1999
This paper describes:

i.  Complementation between two independent steps in a biosynthetic pathway.

ii.  Restoration of enzyme activity from two enzyme fragments.

iii.  Restoration of ligand binding ability from two protein fragments. 

iv.  Stimulation of reporter transcription by the association of two protein fragments.
v.  Use of cell growth as a measure of protein-protein interaction.

C) Imaging individual mRNA molecules using multiple singly labeled probes. A.Raj, P. van den Bogaard, S. A. Rifkin, A.van Oudenaarden & S. Tyagi. Nat. Meth. 5: 877-879, 2008
The authors:
i.  Used sensitive optics to detect single hybridization probe molecules in a fixed cell.
ii.  Used multiple probes to detect single mRNA molecules in a fixed cell.

iii.  Could determine the absolute as well as the relative number of mRNA molecules in a cell.
iv.  Detected the presence and location of specific mRNA molecules in living cells. 

D) Random PCR mutagenesis screening of secreted proteins by direct expression in mammalian cells. GC Rice, DV Goeddel, G Cachianes, J Woronicz, EY Chen, SR Williams, and DW Leung, PNAS 1992; 89:5467-5471
The authors:

i.  Required the use of a flow cytometer but not really a fluorescence-activated cell sorter.
ii.  Isolated genes for tissue plasminogen activator (TPA) with increased enzymatic activity. 

iii.  Selected for desired permanent transfectants by their ability to form colonies in the presence of a drug.

iv.  Used site-directed mutagenesis to make rationally designed amino acid substitutions in TPA
E) Targeted gene knockout in mammalian cells by using engineered zinc-finger nucleases. Santiago et al., (2008) PNAS 105: 5809–5814.

The authors:
i.  Started with a CHO cell line hemizygous for the dhfr gene (i.e., containing a single functional allele).

ii.  Isolated dhfr mutants that had undergone chromosomal rearrangement due to double strand breaks. 

iii.  Simply screened surviving cell clones for dhfr DNA changes at the dhfr locus, using no selection.

iv.  Used a zinc finger protein domain designed to bind to a specific sequence in the dhfr gene.

F) Establishment of FUT8 knockout Chinese hamster ovary cells: an ideal host cell line for producing completely defucosylated antibodies with enhanced antibody-dependent cellular cytotoxicity.  Naoko Yamane-Ohnuki, et al.    Biotechnol Bioeng. 2004 Sep 5;87(5):614-22
The authors:

i.  Produced antibodies that could bind antigens more tightly because they were de-fucosylated.

ii.  Produced antibodies in which fucose residues in the variable region had been eliminated.
iii.  Knocked out the two alleles of the genes for the enzyme fucosyl transferase in a single step.

iv.  Had to screen thousands of transfectants to detect homologous recombinants.
G) Picomolar affinity antibodies from a fully synthetic naive library selected and evolved by ribosome display.  Hanes, J., Schaffitzel, C., Knappik, A., and Pluckthun, A. 2000. Nat Biotechnol 18: 1287-1292.
Regarding the method of ribosome display:

i.  It is important to add a C-terminal extension to the protein using this method.

ii.  Antibody affinity for an antigen was determined by the hypervariable region, with the framework having no role.

iii.  An advantage of this method is that no PCR step is required.

iv.  Ribosome display should be more sensitive than phage display for the isolation of ligand-binding proteins.

H) CP Rusconi, E Scardino, J Layzer, GA Pitoc, TL Ortel, D Monroe, and BA Sullenger. RNA aptamers as reversible antagonists of coagulation factor IXa.  Nature 419: 90-94 (2002). 
The authors:

i.  Selected functional RNA aptamers starting with a population of random sequences.
ii.  Reversed the binding of their aptamers to Factor IX by using an excess of a peptide representing the target.

iii.  Showed that their aptamer could inhibit the proteolytic activity of Factor IX.
iv.  Screened up to 1011 different RNA sequences for their ability to bind Factor IX.
2)  Suppose you wanted to study the properties of a mutated version of a recombinant human RNA polymerase II (RP2) in vivo (in a living cultured mammalian cell) by transfecting in cloned versions of an RP2 gene in a mammalian expression plasmid. Toward this end you decide to try to isolate a mutant human cell line that had all functional alleles of the endogenous RP2 gene knocked out by homologous recombination. Assume the RP2 gene in humans is unique and autosomal. 

A. Which one of the following cells would you use for the knockout (circle one answer)? Explain your decision by comparing all choices.

· HEK 293 cells (a heteroploid line that is highly transfectable)

· HT1080 cells (an established immortal fibroblast line with a near diploid karyotype)

· A primary culture of normal human diploid skin fibroblasts

· A human-mouse hybrid line retaining only 5 human chromosomes, and only 1 copy of the human RP2 gene. 

HT1080. Two RP2 genes to knock out. 
HEK 293 cells are heteroploid and would have 3 or more RP2 alleles.  Two are hard enough to knock out, sequentially. Primary cultures have a limited lifetime in culture and would not survive the multiple cloning steps involved. A hybrid cell line with one human RP2 gene would still have at least 2 mouse RP2 genes in addition, which would also have to be knocked out.

A zinc finger nuclease strategy was an alternative used in some answers but the question asked for the use of homologous recombination. Zinc fingers are proteins that bind DNA sequences, which is not homologous recombination. 

B. Describe how you would knock out the two endogenous RP2 genes and select or screen for the desired knock-outs. Diagram the relevant parts of all plasmids you would use.

Plasmid #1: --tet off promoter human RP2 cDNA sequence --polyA site (e.g. from SV40)--neoR gene--tTA gene.  

Transfect and select for G418 resistance. The repressible exogenous RP2 gene covers the cell for the loss of the endogenous genes as such a loss would make the cell inviable (unable to synthesize any mRNAs).  tTA gene needed to activate the tet-repressible promoter. 
Plasmid #2: intronic RP2 seq.–RP2 exonic deletion--purR gene--more RP2 intronic seq.–DTorTK gene 
Transfect with homologous plasmid #2 and select for puromycin resistance conferred by the purR gene and for resistance to DT (diphtheria toxin) or gancyclovir to select against non-homologous recombinants. Screen G418 resistant cell clones for homologous recombination into one of the 2 endogenous RP2 alleles using PCR or Southern blotting to detect the smaller fragment produced by the deletion.   
Plasmid #3:   ------RP2 sequence – RP2 exonic deletion --- holR gene --- more RP2 sequence  --

Transfect  the cell clone isolated above with homologous plasmid #3 and select for histidinol resistance conferred by the holR gene and for resistance to DT or gancyclovir. Screen for homologous recombination into one of the 2 endogenous RP2 alleles using PCR or Southern blotting to detect the smaller fragment produced by the deletion. The resulting clone should have no endogenous RP2 genes left, confirmed by Southern blotting.

To study a mutated RP2 gene, transfect it in and treat with tet (doxycycline) to shut off the covering wild type RP2 gene.

3)  Circle all correct answers:
Grading: Each question = 2 pts. Except for G and H each candidate answer was treated as a true or false question and the total score normalized to 2 pts. For G the score was 2 for a correct answer or 1 for a close answer. For H, score was 2  for a correct answer, 0 otherwise. For F the choice “plasmid transfection” was not a good part and was not counted in scoring the answers. 
A. DNA shuffling typically involves 

(PCR)   (DNase)   (synthetic primers at each step)  (recombination enzymes)  (recombination in a cell) (none of these)
B. SELEX for the isolation of a transcription factor binding site would always involve: 

(PCR) (affinity selection) (T7 RNA polymerase) (synthetic DNA) (multiple rounds) (none of these)
C.  Antigen binding specificity of an antibody is affected by:

(Fc region)  (VDJ joining) (Fc receptor) (both H and L chains) (C-region switching) (none of these)
D.  Glycosylation can be associated with:

(glycine) (serine) (lectins) (asparagine) (immunoglobulins) (none of these)
E.  Hybridomas of the immune system producing monoclonal antibodies:

(are heterokaryons) (carry drug-resistance mutations) (make genetically engineered proteins) 
(make single chain antibodies) (underwent cell fusion) (none of these)
F. One form of Duchenne’s muscular dystrophy is caused by a nonsense mutation in an exon that truncates the protein.  A therapy based on the promotion of exon skipping has been developed that involves:

(RNA-RNA hybridization)  (RNAi)  (spliceosome targeting)  (miRNA)  (targeting splice sites) 
(plasmid transfection) (nucleic acid aptamers)  (zinc finger domains) 
G. About how many sugars are typically attached to an asparagine residue at a glycosylated site in a protein? 

(0)    (1)    ( 5)   (15)   (30)   ( > 40)

H.  The number of different variable regions that are used to constitute human antibodies is approximately:

(0) (2) (20) (200) (2000) (20,000)  (200,000)  (2,000,000)  (> 2,000,000)
Any bolded answer is acceptable as it depends on how the question wording was interpreted.
I. Suppose you are trying to isolate a gene for a single chain antibody that binds tightly to VEGF using m13 phage display. In this process:  
(phage lyse E. coli cells)  ((phage are used to infect cultured mammalian cells)

(phage become immobilized on a solid surface [bead or dish])  (phage are grown in plaques) 
(phage are harvested in large numbers for protein purification)

J.  A treatment for a common form of Duchenne’s muscular dystrophy, in which dystrophin is not produced,  involves:
Using antisense RNA-like sequences to promote splicing of a skipped exon. 

Using antisense RNA-like sequences to promote the skipping of an exon.

Lengthening the mutant dystrophin protein.

Producing a dystrophin protein shorter than the wild type protein.

Promoting the degradation of the mutant dystrophin. 

4.)  A. List 4 ways you could determine the level of a specific mRNA produced by a cultured cell line. 
Northern blotting, RNA protection, RT-PCR (or RT-QPCR), Nanostring, digital RT-PCR, RNAseq, DNA microarray. There may be more.

B. Choose a promoter for expression of your favorite gene in each of the following types of cells and explain in one sentence or phrase why you chose it:

i.   E. coli

e.g., lac promoter, inducible by IPTG
ii. Saccharomyces cerevisiae

e.g., Gal-1 promoter, activated by the Gal4 activator protein

iii. HeLa cells

e.g., CMV, strong expression most cell lines.

Or: Tet-off, repressible by doxicyclin (but this would require a special HeLa cell derivative expressing the tet activator protein, tTA.
C. List at least 3 types of reagents you need to detect your favorite protein (YFP) on a Western blot using chemiluminescence and explain the role of each. Specific examples of reagents are not required.
1. Anti-YFP antibody; 

2. A secondary antibody to the first antibody (e.g., goat anti-mouse IgG) in the form of a fusion protein with an enzyme that can convert a non-luminescent compound to a luminescent compound (e.g., horseradish peroxidase or alkaline phosphatase). 

3. Substrates for the enzyme: e.g., luminol + hydrogen peroxide or a phosphorylated molecule that luminesces after dephosphorylation)
D. Briefly describe (~ 1-2 sentence):

i.   An avimer
A multidomain ligand binding protein created by combining mutated receptor domains from natural receptors and selecting the best binding molecules using for example phage display.
ii.  An aptamer
A short (<=40 nt) DNA or RNA molecule selected from a pool of random sequences for its ability to bind to an immobilized ligand of choice. 
iii. A single chain antibody
A fusion protein made by linking the variable region of an antibody light chain to the variable region of a heavy chain, using a flexible linker, and having antigen-binding ability. 

E. List 3 methods to detect protein-DNA interaction and describe what kind of information they provide (e.g., Kd,  which bp are bound, discovery of bound protein, etc.)

i.    Biacore or surface plasmon resonance: Kd 
ii.   Footprinting: which bp are bound
iii.  Gel shifts or EMSA: ~Kd, discovery of bound protein (by supershifting)

Also: yeast 1-hybrid, maybe more.not discussed: DNA affinity column, filter binding, Southwestern blotting
5) A. Shown below is a modified version of a diagram from a paper discussed in class describing the creation of a biosensor for the small molecule drug theophylline.  In the presence of theophylline, the biosensor produces an increased fluorescent signal.  The system is comprised of the following components:
Theophylline aptamer; hammerhead ribozyme with a specific cleavage site; an attached dabcyl (a fluorescence quencher); an attached fluorescein molecule (a fluorophore); a communications module.

Label the diagram with these components and briefly explain how it works, using arrows on the diagram to help. 

The smaller molecule is hybridized to the larger one, placing the fluorescein and dabcyl groups close enough to allow quenching of the former by the latter. The ribozyme is inactive in this relaxed conformations no cleavage occurs. When theophylline binds to the aptamer, a conformational change, mediated by the communications module, activate the ribozyme enzymatic activity, resulting in t the cleavage of the smaller RNA strand. With only 5 base pairs the fragments of the smaller RNA dissociate (melt) and they are released. The released fluorescein group is therefore no longer quenched by the dissociated dabcyl group, so fluorescence is increased. 
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B.  Draw a labeled diagram of an antibody molecule (immunoglobulin) labeling its polypeptide chains and domain structure and the possible locations of interchain disulfide binds and one carbohydrate group.

[image: image2.png]light

light
cl?\ain chain
constan
region
constan
region
constant disulfides
region
constant constant carbohydrate
region region group

heavy heavy
chain chain




_1385590206.bin

_1385591461.bin

