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1. C. elegans is a widely used organism in biological research.  It is a multicellular worm.  As a graduate student, your first project is to look at the regulation of a gene called Wrm3.  The Wrm3 protein is expressed during the early stages of development.  The following DNA segment of the Wrm3 gene is below (including the upstream region):

3'-
cctcaaatcactctCCAGTTAGAacgacccttagtcacagtaagaatagggggacagatCCtagaATATTAagccctat -

5'-
GGAgtttagtgagaGGTCAATCTtgctgggaatcagtgtcattcttatccccctgtctaGGatctTATAATtcgggata -

  -
tagacacaggagCGTTGgaCacagtaCCgaaTaCGtaagtttaccaggaagatggaagccaatcatgatagggggaatt –5 

  -
atctgtgtcctcGCAACctGtgtcatGGcttAtGCatTcaaatggtccttctaccttcggttagtactatcccccttaa –3
The -75 promoter region is 5'- GGNCAATCT -3' and the -25 promoter region is 5'- TATAAT -3'. 

a) What is one way in which the Wrm3 gene might be regulated during the developmental cycle of C. elegans?

_________________________________________________________________________________________

_________________________________________________________________________________________
b) Make a box around any promoter regions that you see in the above DNA sequence.

c)  Put an arrow to a region of DNA that is considered the CODING strand.  
d) Circle the +1 nucleotide in the above DNA sequence.
e) What are the first five nucleotides of the mRNA that will be made?  _______________________________
f) Using the genetic code provided, what are the first four amino acids translated?  ______________________
g) What might occur if the underlined sequence is deleted?  ________________________________________

_________________________________________________________________________________________
h) What might occur if the bold CG pair is changed to a TA pair? (be specific in your analysis) _____________

__________________________________________________________________________________________

i)  How is transcription stopped?  ______________________________________________________________

__________________________________________________________________________________________

2. Mutations in DNA occur in all organisms. Does a change in the DNA sequence of a specific gene guarantee a loss of protein function? Why or why not?  _____________________________________________________

________________________________________________________________________________________

3. Describe two differences between DNA and RNA.  


a)  ________________________________________________________________________________


b)  ________________________________________________________________________________

4. Complete the following table about protein synthesis:

	
	Transcription
	Translation

	What is thePolymer Made?
	
	

	What are theMonomers Used?
	
	

	Synthesis is catalyzed by?
	
	

	Type of bond between monomers in chain?
	Phosphodiester bond (covalent bond)
	

	Starting Point
	
	

	Stopping Point
	
	

	Direction of synthesis
	
	5->3 on the mRNA


5.  Discuss at least three differences in protein synthesis between prokaryotes and eukaryotes.


a) _________________________________________________________________________________


b) _________________________________________________________________________________


c) _________________________________________________________________________________

6. You are studying a protein (Stfn4) that is normally secreted by B cells in response to an infection. The DNA sequence is below, along with the translation of the first 20 amino acids. The signal sequence for targetting to the endoplasmic reticulum is normally a positively charged amino acid (R or K), followed by a string of hydrophobic amino acids (A, L, V, I, F). Substitution of a charged amino acid (R, K, E, D) in this hydrophobic region will cause the sequence to be no longer recognized by the "signal recognition particle". You suspect that several leukemias by be caused by mutation in the Stfn4 gene area. 

5 - ATG AAG CTT CTC GTT GTA GCT GTT ATT GCC TTT CTA CTG GCG TCA ATT GGA GAA CCA TAC - 3

-----M---K---L---L---V---V---A---V---I---A---F---L---L---A---S---I---G---E---P---Y------
Your job is to do several mutations in this DNA region and see the effects on the secretion of Stfn4. Predict whether the B cell would secrete Stfn4 protein or not. Be sure to explain your answer to each question.

a) You replace the 1st nucleotide A with a C.  

Secrete Stfn4?  Yes or No

Explanation _________________________________________________________________________

___________________________________________________________________________________
b) You add a C directly after the 6th nucleotide (G). 
Secrete Stfn4?  Yes or No

Explanation _________________________________________________________________________

___________________________________________________________________________________
c) You replace the 18th nucleotide A with a G. 

Secrete Stfn4?  Yes or No

Explanation _________________________________________________________________________

___________________________________________________________________________________
d) You replace the 20th and 21st nucleotides CT with AG.
Secrete Stfn4?  Yes or No

Explanation _________________________________________________________________________

___________________________________________________________________________________
e) You replace the 31st nucleotide T with a G.

Secrete Stfn4?  Yes or No

Explanation _________________________________________________________________________

___________________________________________________________________________________

7. You continue your studies on the Stfn4 gene, but this time you decide to look at the regulation of this gene. You discover a promoter sequence ahead of the +1 site, as well as an enhancer region farther upstream from the gene. The enhancer region binds to the LEE hormone. You also isolate several transcription factors that are able to bind to the promoter area of the Stfn4 gene. You do several experiments and measure the amount of Stfn4 mRNA. Here are your results:

	Condition
	Amount of Stfn4 mRNA (# of mRNA strands)

	No transcription factors added
	0

	Transcription factors Kng7 and Srna2 added (no LEE hormone)
	100

	LEE hormone added (with all transcription factors)
	427

	LEE hormone added (no transcription factors)
	0


Predict the approximate amount of Stfn4 mRNA you would have in the following situations . Be sure to explain each of your answers.

a) You change all of the bases in the -25 promoter region. (all transcription factors and LEE hormone are available)


Prediction __________

Explanation _________________________________________________________________________

___________________________________________________________________________________
b) You change all of the bases in the enhancer region. (all transcription factors and LEE hormone are available)

        
Prediction ________________

Explanation _________________________________________________________________________

___________________________________________________________________________________
c) You delete the Srna2 gene and Kng7 genes. 

Prediction _________

Explanation _________________________________________________________________________

___________________________________________________________________________________

8. The following diagram represents the tryptophan operon in prokaryotes. This specific operon codes for the proteins (proteins E,D,C,B, and A) that synthesize tryptophan for the cell. When a cell doesn't have any tryptophan, it can make its own tryptophan by using these enzymes. The enzymes actually use these enzymes to convert other molecules into tryptophan. It is possible, though, for a cell to receive tryptophan from the environment. In this case, then, the cell doesn't need to make its own tryptophan. This is why the tryptophan operon is useful. It allows the cell to turn on and off its genes. Remember: a cell doesn't want to waste cellular energy to produce unnecessary enzymes. Use the diagram below to answer the questions


a) A strain of E. coli has a mutation in the gene that codes for the tryptophan repressor protein. This creates a repressor protein that is unable to bind to the operator region of the tryptophan operon. Would the tryptophan-synthesizing enzymes (E,D,C,B, and A) be produced by the cell?       YES    or    NO   
b) Explain your answer to (a)  ________________________________________________________________

_________________________________________________________________________________________
c) If a cell is growing on media that contains tryptophan, would RNA Polymerase be able to transcribe the genes that are needed to synthesize tryptophan (genes E, D, C, B, and A)?     YES     or     NO 
d) Explain your answer to (c).  ________________________________________________________________

_________________________________________________________________________________________
e) Describe one gene control mechanism in eukaryotes that prokaryotes don't have.  ______________________

__________________________________________________________________________________________

9. You have the DNA sequence of a gene as well as the mRNA sequence that is transcribed into a protein.  With these two pieces of information, how could you determine if the gene is from a prokaryote or a eukaryote?

10.  You are working for a professor in the Department of Bioinformatics at UC Irvine. You are investigating a newly discovered enzyme called IDA3.  IDA3 is a protein that consists of 735 amino acids and is found in the cytoplasm of human cells. The substrate for this enzyme is glucose-6-phosphate. You begin your research by focusing on a small portion of the enzyme (amino acids #175 through #190 in the chain). The amino acid sequence of this region is:


175           CRAGSTNKDEYIQCSG           190
	Amino Acid Classification

	Polar
	Hydrophobic
	Charged (Basic)
	Charged (Acidic)

	Glycine (G)
Serine(S)
Threonine (T)
Tyrosine (Y)
Cysteine (C)
Glutamine (Q)
Asparagine (N)
	Alanine (A)
Valine (V)
Leucine (L)
Isoleucine (I)
Proline (P)
Tryptophan (W)
Phenylalanine (F)
Methionine (M)
	Lysine (K)
Arginine (R)
Histidine (H)
	Aspartic Acid (D)
Glutamic Acid (E)


a) The cytoplasm of cells is composed highly of water. Would you most likely find the 175-190 region in the inner portion of the protein or the outer portion of the protein?      INNER  or  OUTER
b) Explain your answer to (a).  ________________________________________________________________

___________________________________________________________________________________

c)  The IDA3 enzyme is probably regulated somehow in the human cell.  Describe (don't just name) one possible ways in which this enzyme might be regulated AFTER it has been synthesized.  __________________

__________________________________________________________________________________________

d)  Describe one possible way in which this enzyme might be regulated BEFORE it is synthesized.  ________

__________________________________________________________________________________________

e)  What are TWO possible mRNA codes that would code for the amino acid sequence #175-177?  


____________________________________________


____________________________________________ 

Multiple Choice

For questions 11-18, select the best answer from choices A-C.

(A) TRANSCRIPTION
(B) TRANSLATION
(C) BOTH TRANSCRIPTION AND TRANSLATION

11. DNA is used to make mRNA
12. Occurs in the cytoplasm of prokaryotic cells
13. Use of the enzyme RNA polymerase
14. Involves ribosomes and amino acids
15. Involves codon-anticodon interactions
16. Uses promoter sequences and termination signals
17. mRNA is used to make protein
18. Terminated by a string of AAAAAAA on the template DNA strand

19. The DNA of a certain organism has guanine as 30% of its bases. What percentage of bases would be adenine?

a) 20%


b) 30%


c) 60%


d) 70%

20. If a messenger RNA codon is UAC, which of the following would be the complementary anticodon triplet in the transfer RNA?

a) ATG

b) AUC

c) AUG

d) ATT

e) ATC

21. Which of the following is NEVER a characteristic of bacteria?

a) circular double-stranded DNA
b) membrane-bound cellular organelles
c) plasma membrane consisting of lipids and proteins
d) ribosomes
e) cell wall

22. The two polynucleotide chains in a DNA molecule are attracted to each other by:

a) Covalent bonds between carbon atoms 
b) Hydrogen bonds between bases 
c) Peptide bonds between amino acids 
d) Ionic bonds between "R" groups in the amino acids 
e) Covalent bonds between phosphates and sugars 

Directions: For each numbered phrase or sentence (questions 23-26), select the one heading that is most closely related to it and write the corresponding letter on the answer sheet.

(A) Adenine
(B) Guanine
(C) Uracil
(D) Deoxyribose
(E) Ribose

23. Bonds directly to a phosphate in RNA
24. A base normally found in RNA, but not in DNA
25. Sugar molecule found in deoxyribonucleic acid
26. Pairs with cytosine in RNA transcription

27. Individual ribonucleotides in an mRNA strand are joined together by what kind of bond?

a) Hydrogen bonds

b) Peptide bonds 

c) Covalent bonds

d) Ionic bonds

28. How is a secretory protein in a cell targeted for the Endoplasmic Reticulum?

a) there is are promoter sequences found upstream of the gene that codes for the protein
b) it colors it a bright color so that the ER will recognize it
c) it has special sequences that are recognized by restriction enzymes that cut it up causing the cell to secrete it 
d) there is a signal sequence at the beginning of the protein that is recognized by a signal recognition particle

29. In prokaryotes, the transcription of genes is regulated by 

a) regulator proteins that bind to the operator region of an operon 
b) transcription factors
c) hormones 
d) Enhancer sequences of DNA 

30. What are the main differences between the lytic and lysogenic cycle?  How would you recognize which of these cycles a bacteriophage is in? _______________________________________________________

______________________________________________________________________________________

31.  What is the difference between a temperate and a virulent phage?  _________________________________

__________________________________________________________________________________________

31.  What are the main components of a virus and how does it infect its host?  ___________________________

__________________________________________________________________________________________

Lab Practical
32. You start a job at a startup company called BioSmurf. Your first task is to analyze some mysterious data from some previous experiments. Please give a valid reason for the following strange result:

After a transformation procedure between E. coli and a plasmid that contains the ampicillin resistance gene, there are NO colonies on LB-plain plates that the cells were plated on.

____________________________________________________________________________________________________________________________________________________________________________________

33. You complete your first project at BioSmurf and move onto a new project. It is time to start your studies of the pLOW plasmid. You have genetically engineered it to help with studies of antibiotic resistance. This plasmid carries several genes on it:

· The amoxicillin resistance gene (amxR) - This produces a protein that will destroy amoxicillin. The amxR gene, however, contains an operator region that binds to the Na84 protein. When Na84 is bound to the operator region, then amxR is not transcribed. When Na84 is bound to dextrose, then it releases itself from the operator region. 

· The tetracycline resistance gene (tetR) - This produces a protein that will destroy tetracycline. It has a standard promoter in front of it, with no operator. 

· The Na84 gene that codes for the Na84 protein. Na84 will bind to the operator in front of amxR when dextrose is not present. 

You do a transformation procedure of the E. coli and the pLOW plasmid and then plate your results on several kinds of plates. (The E. coli that you use does not have any antibiotic resistance genes in its chromosome, nor does it contain the Na84 gene in its chromosome). All plates are then incubated at 37 degrees for 24 hours. (LB is standard media for bacteria and does not contain dextrose).

Complete the following table below based on the bacteria that you see alive after 24 hours of growth. For the last 5 columns, indicate if it will be true for all cells (A), some cells (S), or none of the cells (N) that are growing after 24 hours. If there are no colonies, then you should not fill out the last 5 columns for that row.

	Plate Contents
	Any colonies (Y or N)
	Cell contain plasmid (A, S, or N)
	Cells produce Na84 mRNA (A, S, or N)
	Cells contain tetR gene (A, S, or N)
	Cell produce amoxicillin resistance protein (A, S, or N)

	Plain LB
	 
	 
	 
	 
	 

	LB with amoxicillin
	 
	 
	 
	 
	 

	LB with tetracycline
	 
	 
	 
	 
	 

	LB with amoxicillin and dextrose
	 
	 
	 
	 
	 

	LB with tetracycline and dextrose
	 
	 
	 
	 
	 

	LB with ampicillin and dextrose
	 
	 
	 
	 
	 


34. Give two good reasons for sterile technique.


_________________________________________________________________________________


_________________________________________________________________________________

35. Describe what restriction enzymes are and what they do.


_________________________________________________________________________________


_________________________________________________________________________________

36.  In bacterial transformation, describe the importance of the following two steps:


a)  Incubation in CaCl2  _______________________________________________________________


b)  Heat Shock  _____________________________________________________________________

37.  Explain how gel electrophoresis works to separate DNA.  _______________________________________

__________________________________________________________________________________________







