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BIOTECHNOLOGY   Biology W4034/3034       Final Exam    Dec. 22, 2010

Name    ________________________________________________

Please write your birthday (without the year) on every page, as the pages will be separated for grading.

Write your name exclusively on the first page (cover sheet), keeping the question pages anonymous.  The pages will be reassembled according to the birthdays.

There are 6 questions and 6 pages, plus this cover sheet.  

Write something for every question requiring an explanation; partial credit may be given for correct and relevant information, but no credit can be given for a blank space.  

Try to keep your explanation within the space provided, but if necessary you should continue on the BACK of the SAME page.

Ask if you need scrap paper.  No other scrap paper, books or notes are allowed; except dictionaries for non-native English speakers, with permission.  

Estimated points for scoring:
Q1: 36

Q2: 8

Q3: 20

Q4: 12

Q5: 14

Q6: 10

Tot: 100

------------------------------------------------------------------------------------------------------------

Please leave the space below blank for grading.
2011:  Space for answers has not been shown. 

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

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.

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. 

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

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?

4) Answer in one or two sentences. 
4A.  Name two types of targets for monoclonal antibody therapy.

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

4C.  Explain how to do DNA shuffling.

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

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

4F. How is the dhfr gene amplification system used for recombinant protein overproduction?

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.  
6) Antibody questions (no explanations required):
6A.  Number of polypeptides in a basic immunoglobulin (Ig) molecule (e.g., IgG)  _______

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

6C. Total number of constant region domains in a basic Ig molecule _____ 
6D. Number of framework regions in a basic Ig molecule _____ 
6E.  Number of rearranged DNA segments in an Ig heavy chain variable region (excluding leader region DNA):
Non-credit question:

7)  What is your favorite bit of 
methodology or biotechnology (choose one only):

A. ADCC

B. Antisense

C. Beaming

D. DNA shuffling

E. Domain (“exon”) shuffling

F. Doped oligomers

G. Error-prone PCR

H. FACS

I. Footprinting

J. Fragment complementation

K. Gel shifting

L. Gene amplification

M. Glycosylation

N. Heterokaryons

O. Hybridomas

P. Metabolic engineering

Q. Phage display

R. Protein pull-downs

S. Pyrosequencing

T. Ribosome display

U. Ribozymes

V. RNAi

W. Single-molecule DNA sequencing

X. Surface plasmon resonance

Y. Tet-responsive promoters

Z. Yeast 1,2,3-hybrid screening
 What is your least favorite bit of 
methodology or biotechnology (choose one only)::

A. ADCC

B. Antisense

C. Beaming

D. DNA shuffling

E. Domain (“exon”) shuffling

F. Doped oligomers

G. Error-prone PCR

H. FACS

I. Footprinting

J. Fragment complementation

K. Gel shifting

L. Gene amplification

M. Glycosylation

N. Heterokaryons

O. Hybridomas

P. Metabolic engineering

Q. Phage display

R. Protein pull-downs

S. Pyrosequencing 
T. Ribosome display

U. Ribozymes

V. RNAi

W. Single-molecule DNA sequencing

X. Surface plasmon resonance

Y. Tet-responsive promoters

Z.    Yeast 1,2,3-hybrid screening

