ANSWERS ARE NOT BEING PROVIDED FOR QUESTION 1.

1)  True or false questions on the six assigned papers. No explanations required.

A. Lipson D, Raz T, Kieu A, Jones DR, Giladi E, Thayer E, Thompson JF, Letovsky
S, Milos P, Causey M. Quantification of the yeast transcriptome by single-molecule sequencing. Nat Biotechnol. 2009 Jul;27(7):652-8. The authors:
  i.   Used third generation DNA sequencing


(T) (F)

 ii.   Used fluorescently labeled nucleotide triphosphates


(T) (F)
iii.  
Method involved blocking the 3’ hydroxyl group of the elongating DNA strand.




(T) (F)
B. GC Rice, DV Goeddel, G Cachianes, J Woronicz, EY Chen, SR Williams, and DW Leung. Random PCR mutagenesis screening of secreted proteins by direct expression in mammalian cells. PNAS 1992; 89:5467-5471  The authors:
i.     Used a FACS to select cells with high levels of a the tPA kringle domain

(T) (F)
ii.     Isolated transfectants that contained only a single molecule of the mutant plasmid DNA

(T) (F)
iii.     Screened a phage display library to allow the isolation of very rare mutant proteins


(T) (F))

C. Naoko Yamane-Ohnuki, Satoko Kinoshita, Miho Inoue-Urakubo, Machi Kusunoki, Shigeru Iida, Ryosuke Nakano, Masako Wakitani, Rinpei Niwa, Mikiko Sakurada, Kazuhisa Uchida, Kenya Shitara, Mitsuo Satoh.  Establishment of FUT8 knockout Chinese hamster ovary cells: an ideal host cell line for producing completely defucosylated antibodies with enhanced antibody-dependent cellular cytotoxicity.   Biotechnol Bioeng. 2004 Sep 5;87(5):614-22.  The authors:
i.     Selected cells that could produce monoclonal antibodies with higher affinity antigen binding

(T) (F)

ii.     Screened for mutant cells by Southern blotting



(T) (F)

iii.     Needed to carry out two sequential knock-outs of two alleles coding for the target enzyme

(T) (F)

D. Hanes, J., Schaffitzel, C., Knappik, A., and Pluckthun, A. 2000. Picomolar affinity antibodies from a fully synthetic naive library selected and evolved by ribosome display. Nat Biotechnol 18: 1287-1292.  This method requires:
i.  
Proper protein folding before the nascent polypeptide is released from the ribosome

(T) (F)
        ii.    Necessarily prevents access to a small portion of the carboxyl end of the synthesized protein



(T) (F)

 iii.  
Allows nearly the entire mRNA population of a cell line to be screened 




(T) (F)
E. 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. Used RNAi to knock down the expression of coagulation factor IXa




(T) (F)

ii. Used SELEX to select an RNA molecules that could bind to coagulation factor IXa


(T) (F)

iii. Used complementary DNA to inhibit folding of an RNA aptamer into an effective conformation. 

(T) (F)

F. C Frauendorf, A Jaschke. Detection of small organic analytes by fluorescing molecular switches. Bioorg Med Chem (2001) 9(10):2521-4.  The authors:

i. Used a an RNA aptamer that  enabled it bind fluorescein in the presence of theophilline

(T) (F)

ii. Used a ribozyme that could cleave a phosphodiester bond

(T) (F)
iii. Were able to distinguish theophilline from caffeine, which only differ by a single methyl group

(T) (F)
2)  A universal hybridizer is a mutant or engineered cell line that allows cell hybrid cells to be selected after its fusion to any cell line of interest. That is, its partner need not carry any particular markers or mutations.  Which of the following CHO cell mutants/transfectants can serve as a universal hybridizer? Circle the letter(s) from the list below that describes the genes and/or mutations each cell line carries. Be sure to include a description of how hybrids would be selected in your explanation. You need explain only your positive choices. 
A.   hprt- and dhfr-
B.   hprt- and with a neomycin resistance gene 
C.   with a neomycin resistance gene and a puromycin resistance gene

D.   aprt- and dhfr-
E.   neoR, with an HSVTK gene

Line B has a dominant NeoR gene  and a recessive hprt- mutation. If fused cells are incubated in a medium containing G418 (like neomycin) and HAT (hypoxanthine + amethopterin (aka methotrexate) and thymidine) then cell line B will not grow due to the absence of the HPRT enzyme needed to salvage hypoxanthine in HAT medium and the wild type parent cell cannot grow in the presence of G418. The hybrid will grow using the HPRT contributed by the wild type parent and the neoR gene contributed by the cell line B.   
Cell line E will not work, as wild type cells already have an endogenous TK gene, and HSVTK is used to confer sensitivity to gancyclovir, not resistance, and sensitivity is dominant.  
3) The HER2 is a transmembrane signaling protein whose extracellular domain binds the protein hormone epidermal growth factor (EGF) and that is over-expressed in some breast cancer tumors.  Herceptin is a monoclonal antibody that binds to the HER2 receptor and is being used to treat those cancers.   
3A. Describe in detail how you would isolate an RNA aptamer that will bind tightly to the extracellular domain of the HER2 receptor.  Assume you have available a cloned cDNA for HER2 and a knowledge of the protein’s 3‑dimensional structure.  If you include an affinity chromatography step,  do not describe how this solid state matrix would be prepared in this part of the answer. Do describe how you end up with a unique RNA molecule and how you would finally test it for HER2 domain binding.

3A. Use PCR to amplify the cDNA sequence corresponding to the extracellular domain of HER2 and join it to an E. coli promoter for production of the domain in E. coli.  Attach it to some bead material.  UseT7 RNA polymerase to synthesize 1014 molecules of random 20-mers from a synthetic DNA templates consisting of a T7 promoter followed by an arbitrary 20-nt PCR primer sequence, 20 random nucleotides, and another arbitrary 20-nt PCR primer sequence. Bind the synthesized RNA to the HER2 domain beads, wash thoroughly and elute by heating to denature the RNA.  Subject the eluted RNA to RT-PCR, with the PCR step including a T7 polymerase binding site as a tail on the forward PCR primer. Use this PCR product to synthesize a second round of RNA molecules for application once again to the HER2 domain beads. Reiterate this process 5 or 6 times, then clone the PCR product in E. coli downstream of a T7 promoter sequence. From purified plasmid DNA clones, synthesize unique RNA molecules and test them for binding to the HER2 domain by EMSA or surface plasmon resonance (Biacore).  In the selection step above, instead of HER2 domain beads, native gel electrophoresis could be used separate the RNA bound to the HER2 domain, excising the shifted band to recover the bound RNA molecules. 

3B. Now describe in detail one way by which you would prepare a solid state matrix displaying the HER2 extracellular domain for possible use in the isolation of the aptamer. 

3B. One way is to make a fusion protein with the protein glutathione S-transferase (GST) and then bind the fusion protein to glutathione derivatized beads (or maltose binding protein and amylose beads).  Or biotinylated the HER2 domain protein and bind to streptavidin beads. Or a his6 tag and nickel (NTA) beads, or other methods.

3C. Would you expect the aptamer to compete with Herceptin? Why or why not? 

3C. Not expected, since there is no reason to think that the aptamer binds to the same epitope on the protein surface as the monoclonal antibody (Herceptin). 

3D. Suppose you had the idea that HER2 was a glycoprotein and that its function depended on its carbohydrate groups.  You therefore want design an RNA aptamer that will bind to the HER2 sugar groups. How would you modify the aptamer isolation process to select for RNA molecules that bind specifically to the HER2 sugars?

3D. Prepare the HER2 extracellular domain in E. coli and from transfected mammalian cells.  For the latter, a leader signal sequence must be added so that the protein goes through the secretory pathway.  In the affinity chromatography step , select for RNA molecules that bind to the HER2 domain made in mammalian cells but do NOT bind to the HER2 domain prepared from E. coli (now present in column run-through or in supernatant above centrifuged beads).   
4) Answer in one or two sentences. 
4A.  Name two types of targets for monoclonal antibody therapy.

 Cancer cells and immune cells mediating inflammation.  May be others as well. 

4B.  Name 3 different types of useful reporter genes for measuring promoter activity and the different type of signal they produce. 

Luciferase: light emission (bioluminescence), 

beta galactosidase:  colored product or luminescence or fluorescence,

neomycin resistance gene: cell viability in the presence of G418.  

May be others.

4C.  Explain how to do DNA shuffling.

Digest the target DNA partially and semi-randomly with DNase and then do primerless PCR using the fragments as primers for each other until a sequence of the original length is rebuilt. 

4D. Explain how to isolate a hybridoma producing a monoclonal antibody.

Fuse cells of a myeloma cell line carrying an HPRT- mutation with spleen cells from a mouse immunized with the antigen of interest and select hybrids cells in HAT medium.  Could use other mutations in the myeloma cell line.

4E. Name two biological effects that might result from depriving proteins of their glycosylation. 

Half-life in the bloodstream could be decreased for a secreted protein. Lack of recognition could occur for a cell surface protein. Or a prtein hormone could be a less effective signaling molecule. 
4F. How is the dhfr gene amplification system used for recombinant protein overproduction?

The gene of interest plus a dhfr minigene are transfected into CHO dhfr- cells. Transfectants are then selected for stepwise resistance to increasing concentrations of methotrexate, a dhfr inhibitor, to obtain cells that have amplified the dhfr gene and the linked gene of interest. 

5) In order to improve the production of a recombinant protein in human HEK293 cells you decide to mutate the 200 bp enhancer region upstream of the CMV promoter being used to drive the transcription of the transgene and then select the most effective version. Describe how you would carry out this experiment, using the FACS as the means of selection.  Be sure to describe how you would generate mutated versions of the enhancer region, what reporter(s) you would use for the selection, how you would get the genes expressed and what sort of control(s) you might include.  
Mutate the 200 nt region, isolated as a PCR product, using error-prone PCR. Clone the population upstream of a GFP reporter that includes an SV40 polyA site. As a control for differential transfection and cell size and health the vector used for the GFP gene population is constructed to include an analogous red fluorescent protein (RFP) gene driven by an SV40 promoter. Transfect the plasmid population into HEK293 cells using electroporation to minimize transfectants that receive more than one plasmid molecule. If there is not enough fluorescent signal from a single plasmid, then incorporate an SV40 origin of replication and use as a host an HEK293 derivative that has been permanently transfected to carry the SV40 large T antigen to promote plasmid replication. Sort the transfected population on the FACS and collect cells that have a high green to red ratio. Collect the top few percent of the population, isolate the plasmids, rescue the 200 bp enhancer region by PCR and then DNA shuffle the region among the selected sequences. Reclone the shuffled population into the vector and repeat the transfection and FACS sorting. Reiterate the DNA shuffling and sorting until no further increases in high green-to-red s ration cells are seen. Rescue a few enhancer region and test them for increased production when place upstream of the recombinant protein gene.  
6) Antibody questions (no explanations required):
6A.  Number of polypeptides in a basic immunoglobulin (Ig) molecule (e.g., IgG)  ___4____

6B.  Minimum number of inter-chain disulfide bonds in a basic Ig molecule (e.g., IgG)  ___3____

6C. Total number of constant region domains in a basic Ig molecule ___8__ 
6D. Number of framework regions in a basic Ig molecule ___4__ 
6E.  Number of rearranged DNA segments in an Ig heavy chain variable region (excluding leader region 
DNA)   __3__
