Cell Processes & Applications Worksheet

Protein Synthesis Review

1. Describe the process by which mRNA is formed for protein synthesis.  First DNA partially unzips, then RNA nucleotides complimentary pair with DNA template strand, then RNA polymerase joins the phosphate groups of RNA nucleotides to the ribose ring of adjacent nucleotides, finally mRNA molecule breaks free from DNA template and DNA zips up again.
2. What is this process called? transcription
3. What enzyme is responsible for unzipping DNA for mRNA to be assembled off of it? RNA polymerase
4. What is the process by which a protein forms at a ribosome called? translation
5. What is the function of the following in protein synthesis?

a) DNA template for mRNA synthesis or provides code for AA sequence
b) mRNA is a copy of the DNA code that can leave nucleus and bring code to cytoplasm
c) tRNA brings amino acids to the ribosome to be added to a polypeptide
d) rRNA forms ribosomes where proteins are synthesized.
6.  Where are the following usually found in cells?

a) mRNA made in the nucleus and used in the cytoplasm
b) tRNA made in the nucleus but used and re-used in the nucleus
c) rRNA made in the nucleus, found floating free in cytoplasm or attached to endoplasmic reticulum
7. What is a polysome and what is its function?  a string of ribosomes translating a single mRNA molecule.
8. Give one role of eachof the following in the process of translation:

a) ribosome attaches to mRNA and helps display mRNA triplet code of mRNA.
b) tRNA brings the amino acids to the ribosome.
c) mRNA provides a copy of the DNA code for translation at the ribosome.
9. Describe the difference between a codon and an anticodon. a codon is a triplet code found on mRNA consisting of a 3 nucleotide sequence whereas an anticodon is a triplet code found on tRNA consisting of a 3 nucleotide sequence.
10. Describe anticodon to codon complementary base pairing. When tRNA brings it’s specific amino acid to a ribosome the codon on the mRNA must have 3 bases that will pair with the 3 bases of the anti-codon on the tRNA
11. What bonds exist between anticodons and codons at the ribosome? hydrogen bonds
12. What bonds from between amino acids? peptide bonds
13. What mRNA sequence signals the end of an amino acid sequence? UAA, UAG, UGA
14. If this is the strand of DNA…complete the rest:

DNA:    TAA CGC AAG CCC TGG GAC

mRNA: AUU GCG UUC GGG ACC CUG
tRNA: 
UAA CGC AAG CCC UGG GAC
AA’s:
isoleucine-alanine-phenylalanine-glycine-threonine-leucine
15. Draw and label a tRNA molecule.

16. Give the purpose of each of the following steps in the process of protein synthesis.

a) Ribosome moving along a mRNA

b) Adenine bonding to thymine

c) An amino acid bonding to a specific tRNA

17. Give one example of an environmental mutagen and explain how it could cause a change in the production of mRNA in a cell.  Any of virus, radiation, or chemical (ex. cigarette smoke) could alter DNA by substitution, deletion which would change the sequence of mRNA if transcribed.  substitution may cause 1 different AA in resulting protein, whereas a deletion would cause a shift in all subsequent codons and therefore many AA’s would be different.
18. Determine the DNA base sequence that codes for the amino acid tryptophan. ACC
19. Determine the anticodon for tryptophan. ACC
20. Describe one way in which each of the following pairs of molecules are functionally related in the process of protein synthesis.

a) DNA and mRNA: DNA is template for mRNA synthesis which provides code for protein synthesis at the ribosomes
b) mRNA and tRNA:  mRNA provide codons at ribosome for complimentary base pairing with anti-codons on tRNA’s which bring appropriate AA to ribosome for addition to polypeptide chain (protein)
c) tRNA and amino acids:  tRNA with a given anti-codon brings a very specific AA to the ribosome for addition to the polypeptide.
d) protein and rRNA:  rRNA and protein make up a ribosome which is the site of protein synthesis.  

21. What is the purpose of transcription during protein synthesis? for the production of mRNA molecules that can bring a copy of the DNA code out to the cytoplasm for translation
22. What occurs during translation?

23. In an experiment conducted to study protein synthesis, radioactive thymine and radioactive uracil were added to a culture of human cells. A few hours later, the culture was analyzed and radioactive mRNA was found.

a) Explain how an mRNA molecule is produced.

b) Explain why the mRNA produced is radioactive.

c) In a different experiment, radioactive uracil was added to a culture of human cells undergoing DNA replication. What will be the characteristic of the resulting DNA in terms of radioactivity? Explain.
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24. Name the process shown above and explain how the molecule that is produced is used to determine the sequence of amino acids in a protein.

25. A segment of hemoglobin has the following sequence of amino acids:

leucine–threonine–proline–glutamate–glutamate

The same segment of hemoglobin found in people who have sickle-cell anemia has the following sequence:

leucine–threonine–proline–valine–glutamate

Using the codon chart, explain how DNA is different in people with sickle-cell anemia.

26. Complete the following table.

	
	Translation
	Replication

	Product
	proteins

• polypeptides

OR

• amino acid chain

	• two DNA molecules

• a molecule of DNA

identical to the original

molecule


	Location
	• cytoplasm

• ribosome

OR

• polysome

OR

• rough endoplasmic

reticulum

	Nucleus OR mitochondria


The DNA code C T T or C T C (1 mark) has changed to C A A or C A G or C A T

or C A C (1 mark).

OR

• There is a mutation and the triplet code for one amino acid is altered. The code for

glutamate (C T T or C T C) is changed to that for valine (C A A / C A G / C A T / C A C);

i.e., thymine is changed to adenine (C T T →C A T or C T C →C A C). (2 marks)

OR

• A single base substitution / mutation has occurred. (1 mark)
Cancer
1. What is an oncogene? 
· An oncogene is a gene that has undergone mutation and is causing uncontrollable cell division as a result of the mutation.

2. Describe two ways that a proto-oncogene could be changed into an oncogene.
· A mutagen has caused the proto-oncogene to mutate

· A virus has caused the proto-oncogene to be altered

· transposition of a proto-oncogene may cause it to become an oncogene 

3. Explain two ways in which viruses may be involved in causing some cancers.
· The virus injects foreign genetic info disrupting existing genetic code that is involved in cell division OR

· The virus injects foreign genetic info that itself contains oncogenes that get inserted into the host cell. 

4. Of the seven danger signs of cancer, which two may indicate the presence of colon (colo-rectal) cancer? 
· Irregular bowel or bladder habits

· Unusual bleeding or dark blood in the feces

5. Describe the development of cancer in the body.
· Carcinogenesis involves two initial steps.  The first is initiation where a mutagen causes mutation of DNA that can lead to cancerous growth (ex. radiation, organic chemicals, viruses).  The second step is promotion where another external factor will allow the mutated gene to cause uncontrollable cell division (ex. a second mutation or poor diet)
6. Define the term “metastasis” and explain its significance in cancer treatment.
· metastasis is when cancer cells dislodge from a tumour and move to another area making the treatment of cancer difficult since some treatments are meant to be local (like surgery and radiation treatments)

7. What is the role of promoters in carcinogenesis?
· Promoters turn on oncogenes so that they actually do lead to uncontrollable cell division. 

8. Give an example of an initiator, and explain how initiators function in carcinogenesis.
· Examples of initiators:  viruses, radiation, organic chemicals (like those found in cigarette smoke and food preservatives), free radicals

· All can cause initiation where a proto-oncogene is turned into an oncogene. 

9. List four characteristics of a cancerous cell.
· lack differentiation

· lack contact inhibition

· have abnormal nuclei

· divide uncontrollably 

10. Give one role of the following in carcinogenesis. 

a) oncogene
· a gene that has been altered and is leading to uncontrollable cell division
b) ultra-violet light
· a form of radiation ( a known mutagen ) that can be an initiator or a promoter

c) cigarette smoke
· contains organic chemicals that can act as initiators or promoters

11. List seven danger signals that may indicate the presence of cancer.
· a change in bowel or bladder habits

· a sore that does not heal.

· unusual bleeding or discharge

· a thickening lump in the breast or elsewhere on the body

· indigestion or difficulty in swallowing

· obvious changes in a wart or mole

· a nagging cough or hoarseness

12. List two common treatments for cancer.
· radiation therapy

· chemotherapy

· surgery 

13. Give one example of a tissue in which the following types of cancer could occur. 

a) Sarcoma
· muscle, bone, tendons, ligaments, cartilage

b) Carcinoma 
· any epithelial tissue (ex. covering an organ)

14. Describe vascularization and tell why it occurs in tumors.
· angiogenesis (vascularization) is the formation of new blood vessels around and into a malignant tumour to bring the tumour nutrients and oxygen.  This is initiated by a growth factor that is released by cancerous cells and affects neighbouring blood vessels such that they branch out into the tumour. 

15. What is anaplasia, contact inhibition, and differentiation?  How do these relate to cancer?
· anaplasia is the process cells go through to become undifferentiated and where they lose their orientation to one another.

· contact inhibition is when cells stop dividing because they are crowded…cancer cells do not exhibit this phenomenon.

· differentiation refers to being able to tell cells apart and that they are of a certain type (again cancer cells lack differentiation)

Cell Membranes

1. Why is the term fluid mosaic an appropriate name for the cell membrane model?

· The cell membrane is fluid because it assumes the shape of the cell contents, and it is mosaic because it’s structure consists of many parts that make up the whole.

2. The cell membrane controls what enter and what leaves the cell, and acts as a selective filter for products.

Distinguish between the following types of cell membranes:

c) Impermeable

· does not let anything through

d) Permeable

· lets anything through

e) Selectively Permeable

· only lets some things through

3. List 3 ways in which things can get into cells.

· they can diffuse across the phospholipid bilayer

· they can diffuse through a carrier protein

· they can be actively transported through an integral protein

· they can be internalized through endocytosis (phagocytosis, pinocytosis or receptor-mediated endocytosis) 

4. Define diffusion and describe how the following factors affect the rate of diffusion:

· Diffusion is the movement of a molecule from a region of high concentration of that molecule to a region of low concentration of that molecule.

a) temperature

· An increase in temperature will increase the rate of diffusion

b) size of molecule

· The smaller the molecule the greater the diffusion rate…generally because smaller molecules can move around other molecules more easily.

c) concentration gradient

· The steeper the concentration gradient, the greater the rate of diffusion

5. Define osmosis and how does it differ from diffusion?

· Osmosis is the diffusion of water across a semi-permeable membrane whereas diffusion is the movement of any molecule/atom from a region of high concentration of that molecule/atom to a region of low concentration of that molecule/atom.

6. Differentiate between isotonic, hypotonic and hypertonic.

When comparing two solutions, one solution is said to be:

· isotonic when they both have an equal total solute concentration.

· hypertonic if it has a greater total solute concentration than the other

· hypotonic if it has a lesser total solute concentration than the other.

7. Differentiate between facilitated transport and active transport.

· The difference is that during facilitated transport a particle is transported along it’s concentration gradient and no energy is required whereas during active transport the particle is being moved against it’s concentration gradient and energy is required (ATP)

8. Explain the role of the cell membrane during endo and exocytosis.

· During endocytosis, there is an inward pinching of the cell membrane to form a vesicle inside the cell that has contents of the extracellular fluid within.

· During exocytosis there is a fusion of a vesicle that is within the cell with the cell membrane and the contents of the cell are expelled to the outside when the vesicle membrane becomes part of the cell membrane.

9. Endocytosis and Exocytosis are considered to be forms of active transport, why?

10. Define and give an example of pinocytosis and phagocytosis

· pinocytosis is cell drinking – this occurs regularly in the tubules of the kidney or in the intestinal wall where cells engulf fat droplets.
· phagocytosis is cell eating – this occurs regularly in the bloodstream where white blood cells (sometimes called phagocytes) engulf whole microbes.

Enzymes

1. What is the function of an enzyme?

· To speed the rate of a reaction through lowering it’s activation energy

2. What is an enzyme’s active site for?

· This is where the substrate(s) combine(s) to form the enzyme-substrate complex. 

3. How does an enzyme work in terms of activation energy?

· The enzymes acts to lower the activation energy…the collision required for the reaction to happen does not have to be as forceful.

4. What things can affect the rate of reaction in an enzyme catalyzed reaction?

5. Show the E+S→ES→E+P in a diagram.

· See text on page …
6. What is a class of compounds that usually function as coenzymes?

· Vitamins

· Minerals

7. Define metabolism.  What are the advantages of having metabolic pathways in a cell?
· Metabolism is the sum of all the reactions that occur in a cell or an organism.

· Having metabolic pathways inside cells allows for feedback inhibition where the product of the pathway begins to build up and will interfere in the function of one of the enzymes in the pathway thereby slowing the rate of production of itself and preventing accumulation of too much product.

· Similarly, the build up of a substrate can turn on enzyme activity.  This is referred to as precursor activity.  Both precursor activity and feedback inhibition work by the substrate or product binding at the regulatory site of an enzyme.
8. What are enzymes? Why are they important? How are they named?

9. Do enzymes increase or lower the energy of activation of a reaction?
· Lower

10. Describe what happens when an enzyme reacts with a substrate?
· It doesn’t really ‘react’!!!  It combines to form an enzyme substrate complex.  The substrate(s) then undergo the reaction to form the product(s) and the enzyme releases the product(s) leaving the enzyme unchanged.

11. Where does the substrate fit onto the enzyme? Is the enzyme altered or used up after the reaction?
· The substrate fits into the active site.

· No the enzyme is not altered or used up during the reaction

12. Describe the difference between the lock and key theory and induced fit-model
· The lock-and-key model suggests that the active site is a perfect fit for the substrate (the “key”) and the enzyme behaves as a “lock” for that substrate.

· This is slightly different from the induced fit model which suggests that the enzyme actually changes shape as the substrate combines making the fit between the enzyme and substrate and enzyme even tighter during the formation of the enzyme-substrate complex.

13. Why will an increase in the substrate concentration cause an increase in the enzymes’ activity only up to a certain point?
· Increasing the concentration of substrate will increase the rate of reaction like any chemical reaction, however for enzymatic reactions the rate will level off when the substrate concentration reaches that of the enzyme concentration.  This is because any further substrate concentration is going to have to wait for the enzyme to have a free active site in order for the reaction to occur.
14. What happens to an enzyme as the temperature continues to increase?  If the pH continues to increase?
· As the temperature increases it should be no surprise that reaction rate increases since the molecules have more energy and are moving faster thereby increasing the number of collisions.  Many enzymatic reactions will reach a temperature where the reaction rate is at a peak and then if the temperature continues to rise, the reaction rate will decline because at high temperatures the enzymes (made of protein) will denature (lose their quaternary, tertiary, or even secondary structure).  In other words they no longer have an effective active site.

· Similarly, there is an optimum pH that enzymes will reach maximum reaction rate.  Recall that the tertiary structures are a result of hydrogen bonding between various amino acid residues.  A change in pH means the addition of H+ ions or OH- ions.  These will alter the hydrogen bonding and the enzyme (protein) will denature (lose it’s shape)  Again, the active site is altered.
15. Define competitive inhibition.  What is the difference between irreversible and reversible inhibition?
· Competitive inhibition is achieved by molecules with similar shapes to that of the substrate.  These molecules actually compete with the substrate for the active site of the enzyme.  As long as the inhibitor is occupying the active site the reaction between substrates can not continue.
· Reversible means that the inhibitor will let go on occasion and the enzyme will return to normal functioning

· Irreversible means that the inhibitor will almost never let go or when it does, it has left the enzyme with an altered active site and it will not form an enzyme-substrate complex any longer.

16. Define noncompetitive inhibition?
· When an inhibitor joins the enzyme at a site other than the active site yet alters the active site shape enough that it will not combine to it’s substrate.

17. What are coenzymes?

· A coenzyme is any factor that helps the enzyme combine to their substrate.  Some examples include:  iron, zinc, potassium, copper-containing compounds, OR organic molecules like vitamins. 

18. When cells require energy for synthetic reactions, they “spend” _______________.
· ATP

19. What is the general equation for enzymatic action?
· E+S→ES→E+P

20. True or False: The shape of an inhibitor molecule is very similar to the shape of the enzyme’s substrate
· True if it is a competitive inhibitor

· False if it is a non-competitive inhibitor

21. True or False: All enzymes function at the same pH
· FALSE…there are a variety of pH’s found throughout the body.  In each specific location you will find enzymes that have optimum pH that match the pH of the fluid present.  For example:

· pepsin operates best in an acidic pH of about 2

· trypsin operates best in a basic pH of about 9

