Cell Signaling and Communication

1. The first component of a signal transduction pathway is a(n)

a. paracrine molecule.

b. responder.

c. receptor.
d. hormone. Not the correct answer because since it is not always a hormone that is the signal. If SIGNAL was the option, then it would have been the best answer.
e. effector molecule.

2. In general, all cell signaling causes

a. increased expression of genes.

b. an influx of ions.

c. protein kinase activity.

d. G protein activation.

e. a change in receptor conformation.
3. Which of the following is true about EnvZ? Depending on your class, this example of bacterial signaling may not have been covered.
a. It becomes phosphorylated in signal transduction.

b. It has domains on both the inside and the outside of the cell.

c. It acts as a responder.
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d. Both a and b
e. All of the above

4. The conformational change in EnvZ causes it to become a(n) 
a. autocrine receptor.

b. responder.

c. ligand.

d. protein kinase.
e. phosphate group.

Depending on your class, this example of bacterial signaling may not have been covered.

5. The phosphorylation and change in shape of the responder in the E. coli signaling transduction pathway is a key event in signaling for which of the following reasons?

a. The signal that originally was on the outside of the cell has been transduced to a protein that exists totally within the cell’s cytoplasm.

b. The signal has been amplified.

c. The altered responder can bind to DNA and stimulate transcription of one or more genes.

d. Both a and c

e. All of the above
6. Which of the following is FALSE?

a. Cells are bombarded with numerous signals, but they respond to only a few.

b. A cell’s receptors determine whether or not the cell will respond to a signal.

c. Receptor proteins are very specific.

d. There are only a few kinds of signal receptor proteins.
e. None of the above

7. In what way do ligand–receptor interactions differ from enzyme–substrate reactions?

a. The ligand signal is not usually metabolized into useful products.
b. Receptor–ligand interactions do not obey the laws of mass action.

c. Inhibitors never bind to the ligand-binding site.

d. Reversibility never occurs in the ligand–receptor interaction.

e. The enzyme–substrate reaction and the ligand–receptor interaction do not differ.

8. The receptor of estrogen

a. is an ion channel receptor.

b. is a protein kinase receptor.

c. exists within the plasma membrane.

d. exists within the cytoplasm.
e. None of the above 

9. For a G protein to play its part in moving events forward in a signal pathway,

a. GDP must be released, and a GTP must occupy the nucleotide-binding site.
b. GTP must be released, and a GDP must occupy the nucleotide-binding site.

c. cGMP must occupy the otherwise empty nucleotide-binding site.

d. cGMP must leave the otherwise occupied nucleotide-binding site.

e. None of the above

10. Which of the following is true?

a. Direct transduction is more common than indirect transduction.

b. In indirect transduction, second messengers mediate the interaction between the receptor and the cell’s response.
c. Amplification never occurs via second messengers.

d. Indirect transduction occurs at the plasma membrane.

e. All of the above

11. How does a protein kinase cascade amplify an intercellular signal?

a. Protein kinase opens cell junctions, amplifying the intercellular signal.

b. The activated G protein binds and activates a second protein, amplifying the signal.

c. Nitric oxide opens cell channels, which allows protein kinase molecules to move quickly from cell to cell.

d. Second messengers create shortcuts that create multiple cascades.

e. One activated receptor kinase molecule can trigger the activation of thousands of proteins.
12. Acetylcholine is a neurotransmitter that binds to receptors on skeletal muscle cells. The receptor-signal complex brings about a series of events that result in contraction of skeletal muscle. Venom from black widow spiders causes an explosive release of acetylcholine. What would that do to its victims?

a. Their muscles would be unable to contract.

b. Their muscles would be unable to relax.
c. Cell receptors would no longer be able to bind regulatory hormones.

d. G-protein receptors would all be inactivated.

13. Pemphigus vulgaris is an autoimmune disorder in which antibodies are produced against the cadherins of desmosomes. The blistering seen in these individuals is probably a result of:

a. a decrease in flexibility of the cell membrane

b. inadequate numbers of G-protein receptors

c. inadequate production of cytoskeletal proteins

d. defective collagen fibers

e. loss of cell-cell adhesion
14. Which of the following represents the correct ordering of the molecules that are activated by a single molecule of epinephrine, from highest number of molecules to lowest number of molecules?

a. cAMP, protein kinase A, phosphorylase kinase, glycogen phosphorylase

b. Glycogen phosphorylase, phosphorylase kinase, protein kinase A, cAMP
c. cAMP, phosphorylase kinase, glycogen phosphorylase, protein kinase A

d. Glycogen phosphorylase, cAMP, protein kinase A, phosphorylase kinase

e. Phosphorylase kinase, glycogen phosphorylase, cAMP, protein kinase A

15. The G protein-mediated cascade stimulated by epinephrine results in the phosphorylation of two key enzymes. The eventual results of this phosphorylation are the _______ of glycogen synthase and the _______ of glycogen phosphorylase.

a. stimulation; stimulation

b. stimulation; inhibition

c. inhibition; stimulation
d. inhibition; inhibition

e. inhibition; introversion

DNA Replication

16. A deoxyribose nucleotide is a

a. deoxyribose plus a nitrogenous base.

b. sugar and a phosphate.

c. deoxyribose plus a nitrogenous base and a phosphate.
d. ribose plus a nitrogenous base.

e. nitrogenous base bonded at the 5’ end to a sugar–phosphate backbone.

17. An alien DNA-like molecule is isolated from the frozen remains of a life-form found beneath the Martian polar ice caps. In this sample, for every base designated Q, there is twice that amount of base R; for every base Z, there is twice that amount of base S. If the molecule contains 33.33 percent R, what percentage of Z would you expect?

a. 6

b. 12

c. 24

d. 16.67
e. 54.66

18. Double-stranded DNA looks a little like a ladder that has been twisted into a helix, or spiral. The side supports of the ladder are

a. individual nitrogenous bases.

b. alternating bases and sugars.

c. alternating bases and phosphate groups.

d. alternating sugars and phosphates.
e. alternating bases, sugars, and phosphates.

19. During DNA replication

a. one template strand must be degraded to allow the other strand to be copied.

b. the template strands must separate so that both can be copied.
c. the template strands come back together after the passage of the replication fork.

d. origins of replication always give rise to single replication forks.

e. two replication forks diverge from each origin but one always lags behind the other.

20. The energy necessary for making a DNA molecule comes directly from

a. sugar.

b. ATP.

c. the release of phosphates.
d. NADPH.

e. NADH.

21. Why is RNA incorporated into the DNA molecule during DNA replication?

a. RNA primase adds bases that act as primers.

b. RNA primase is able to use DNA as a template.

c. RNA primase must be incorporated into the holoenzyme complex.

d. DNA polymerases can only add on to an existing strand.
e. All of the above

22. In a growing DNA strand, each monomer is added to which carbon of the deoxyribose?

a. 1´

b. 2´

c. 3´
d. 4´

e. 5´

23. The enzyme that unwinds the DNA prior to replication is called

a. DNA polymerase III.

b. DNA ligase.

c. single-stranded DNA binding protein.

d. primase.

e. helicase.
24. In bacteria, the enzyme that removes the RNA primers is called

a. DNA ligase.

b. primase.

c. reverse transcriptase.

d. helicase.

e. DNA polymerase I.
25. The enzyme that restores the phosphodiester linkage between adjacent fragments in the lagging strand during DNA replication is

a. DNA ligase.
b. primase.

c. reverse transcriptase.

d. helicase.

e. DNA polymerase I.
26. Why don’t cells last the entire lifetime of an organism?

a. The removal of the RNA primer following DNA replication leads to a shortening of the chromosome and eventual cell death.
b. The enzyme telomerase is readily destroyed by the environment, resulting in cell death.

c. DNA replication is subject to errors, causing premature cell death.

d. Okazaki fragments disrupt protein synthesis, resulting in premature cell death.

e. The repeating telomeric sequence of TTAGGG interferes with normal DNA replication and leads to cell death.

27. In the cells of prokaryotes, methylated adenine contributes to

a. an increased rate of DNA replication.
b. a slowed rate of DNA replication.

c. the correct separation of DNA strands.

d. proofreading of replicated strands.

e. correcting of mismatched pairs of bases.
Transcription and Translation

28. Genes code for

a. enzymes.

b. polypeptides.

c. RNA.

d. All of the above
e. None of the above

29 The “central dogma” of molecular biology states that

a. information flow between DNA, RNA, and protein is reversible.

b. information flow in the cell is unidirectional, from protein to RNA to DNA.

c. information flow in the cell is unidirectional, from DNA to RNA to protein.
d. the DNA sequence of a gene can be predicted if we know the amino acid sequence of the protein it encodes.

e. the genetic code is ambiguous but not degenerate.

30. Which of the following does (do) not follow the “central dogma”?

a. Yeast

b. Onion cells

c. Bread mold

d. Skin cells

e. Retroviruses
31. The process of transcription synthesizes

a. transfer RNA.

b. messenger RNA.

c. ribosomal RNA.

d. proteins.

e. a, b, and c
32. RNA polymerase uses the _______ DNA template to synthesize a _______ mRNA.

a. 5´ to 3´; 5´ to 3´

b. 3´ to 5´; 3´ to 5´

c. 5´ to 3´; 3´ to 5´

d. 3´ to 5´; 5´ to 3´
e. Examples of all of the above have been found.

33. DNA is composed of two strands, only one of which typically is used as a template for RNA synthesis. By what mechanism is the correct strand chosen?

a. Both strands are tried, and the one that works is remembered.

b. Only one strand has the start codon.

c. The promoter acts to aim the RNA polymerase.
d. A start factor informs the system.

e. It is chosen randomly.

34. Errors in transcription are not as potentially harmful as errors in DNA replication because

a. many copies of RNA are made.

b. RNA strands have a relatively short life span.

c. RNA polymerases proofread and correct the errors.

d. a and b are correct
e. a, b, and c are correct

35. Imagine that a novel life-form is found deep within Earth’s crust. Evaluation of its DNA yields no surprises. However, it is found that a codon for this life-form is just two bases in length. How many different amino acids could this organism be composed of?

a. 4

b. 8

c. 16

d. 32

e. 64

36. The three codons in the genetic code that do not specify amino acids are called

a. missense codons.

b. start codons.
c. stop codons.

d. promoters.

e. initiator codons.

37. When eukaryotic DNA is hybridized with mRNA, the hybrid molecules contain loops of double-stranded DNA, which are

a. retroviruses.

b. introns.

c. exons.
d. transcripts.

e. puffs.

38. The guanosine triphosphate (GTP) cap that is added to the 5´ end of primary mRNA

a. contains all the coding and noncoding sequences of the DNA template.

b. provides the mRNA molecule with a poly A tail.

c. facilitates the binding of mRNA to ribosomes.
d. forms hydrogen bonds.

e. helps transfer amino acids to the ribosomes.

39. What are the three processes that must be completed before transcripts can be translated in eukaryotes?

a. Binding of snRNPs, addition of a poly A tail, splicing of introns

b. Binding of snRNPs, transporting, synthesizing of ribose

c. Capping, transporting, synthesizing of ribose

d. Binding of snRNPs, capping, splicing

e. Splicing, capping, addition of a poly A tail
40. The difference between mRNA and tRNA is that

a. tRNA has a more elaborate three-dimensional structure.

b. tRNAs are usually much smaller than mRNAs.

c. mRNA carries amino acids.

d. Both a and b
e. None of the above

41. The enzyme that charges the tRNA molecules with appropriate amino acids is

a. tRNA chargeatase.

b. amino tRNA chargeatase.

c. transcriptase.

d. aminoacyl-tRNA synthetase.
e. None of the above

42. The formation of a peptide bond between an amino acid at the P site and an amino acid at the A site during translation is catalyzed by

a. the large ribosomal subunit.
b. a specialized segment of DNA.

c. a specialized segment of RNA.

d. the initiation complex.

e. initiation factors.

43. Proteins are synthesized from the _______, in the _______ direction along the mRNA.

a. N terminus to C terminus; 5´ to 3´
b. C terminus to N terminus; 5´ to 3´

c. C terminus to N terminus; 3´ to 5´

d. N terminus to C terminus; 3´ to 5´

e. N terminus to N terminus; 5´ to 5´

Mutations

44. Damage to DNA can be caused by _______ absorbed by thymine in DNA, causing interbase covalent bonds.

a. X rays

b. cosmic radiation

c. ultraviolet radiation
d. smoke

e. cigarettes

45. Duplications and translocations differ in that

a. translocations involve the loss of a chromosomal segment, whereas duplications involve addition of an entire chromosome.

b. duplications involve the breakage and swapping of DNA segments on homologous chromosomes, whereas translocations are reciprocal exchanges on nonhomologous chromosomes.
c. translocations involve the breakage and insertion of DNA segments in reverse order, whereas duplications are the breakage at different points on the chromosome.

d. duplications lead to duplications of the chromosome, whereas translocations involve swapping of chromosome segments.

e. translocations result in loss of chromosomal segments, whereas duplications result in significant additions to nonhomologous chromosomes.

46. An example of a gain of function missense mutation is a mutation of the TP53 gene. Normally, this protein inhibits cell division, but certain mutations in the TP53 gene

a. result in a gain of an oncogenic (cancer-causing) function.
b. do not result in a change in the amino acid sequence.

c. cause the protein to stop translation and no protein is made at all.

d. cause thymine to form covalent bonds with adjacent bases.

e. result in nondisjunction.

47. Silent mutations have no effect on amino acid sequences. This is due to the fact that

a. silent mutations are usually found in noncoding regions of DNA.
b. the genetic code is ambiguous.

c. silent mutations are recessive, and the presence of the dominant allele will result in a functional protein.

d. silent mutations are conditional mutagens, and their phenotypes are only altered under very restrictive conditions.

e. only a single base is involved in a series of thousands of nucleotides.

48. Single base changes in the coding regions of proteins can cause

a. missense mutations.

b. nonsense mutations.

c. frame-shift mutations.

d. silent mutations.

e. All of the above
Short Answer:

1. Vitamin A is a relatively small, lipid-soluble molecule that can behave as a hormone. Explain where in the cell its receptor is found and why. (1 marks)
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2. Draw what would happen when a hormone binds to a receptor, as shown in the diagram. (5 marks)

3. What is the action of the second messengers from the splitting of PIP2? Include location of both. (2 marks)

4. Hershey and Chase carried out an experiment using radioactively labeled bateriophage. 1) They allowed radioactively labeled (either 32P and 35S) bacteriophage to infect bacteria, then 2) they spun down the virus/bacteria solution in a centrifuge. What conclusions could be made about viral genes and the infectious material? Use the following table to help you. (5 marks)

	Viruses labeled with
	Part of Virus Labeled (capsid or genetic material?)
	Bacterial Cells contain Radioactive Label? (yes or no)
	After Centrifuge: What is found in the supernatant? (Viral Genetic Material or Capsid?)
	After Centrifuge: What is found in the pellet? (Viral Genetic Material or Capsid?)
	Radioactivity found in pellet or supernatant?

	32P
	
	
	
	
	

	35S
	
	
	
	
	


a. What conclusion was made about the viral genes? _______________________________

b. What conclusion was made about the material that infects bacteria? 

_________________________________________________________________________________________

5. Use the following list of terms to create a flow chart (or diagram) for the process of DNA Replication. (10 marks)

DNA replication
triphosphates (dNTP)
DNA polymerase I (pol I)
DNA polymerase III (pol III)
double helix 

complementary base pairing
antiparallel strands 

origin of replication 
replication fork 

semiconservative DNA replication 
5' → 3' direction
3' → 5' direction 

RNA polymerase 

RNA primers 

sliding clamp
DNA ligase 

mismatch repair 

thymine dimer excision repair system
helicase 

single-stranded binding proteins 

topoisomerase 

primase 

telomere 

telomerase 
lagging, or discontinuous, strand
Okazaki fragments 

DNA proofreading 
6. Use the following list of terms to create a flow chart (or diagram) for the process of Transcription and Translation. (10 marks)

template strand

non-template strand

transcription 

nucleoside triphosphates (NTPs) 
initiation phase of transcription

elongation phase of transcription 

termination phase of transcription 

transcription termination sequence 
5' cap (7- methylguanylate-P- P-P)
3' poly(A) tail 

ribosomal RNA 

messenger RNA 

primary RNA transcript
exons
introns
snRNPs
RNA splicing 

spliceosomes
RNA polymerase 

transfer RNA (tRNA) 

aminoacyl tRNA aminoacyl 

tRNA synthetase 
tRNA anticodon
ribosome 

translation elongation 

GTP

peptide bond formation

translocation

translation termination

release factors

promoter

large (50S) subunit

small (30S) subunit

peptdyl/P site

aminoacyl/A site

exit/E site

ribosomal binding site/sequence

AUG codon

stop codon

translation initiation

N-formylmehionine

