ESSENTIAL BIOLOGY 03: THE CHEMISTRY OF LIFE
       

1. What are the three most commonly occurring elements? 

2. State one function of each of these elements: 

 
a. Iron        

function: 


b. Sulphur   

function: 


c. Calcium

function: 


d. Phosphorous 
function: 
 


e. Sodium

function: 

3. Define organic molecule.
4. What are three carbon-containing groups or molecules that are not organic? 

5. In the space below, draw three water molecules attracted to one another by hydrogen bonding. Include labels to show the polarity of the molecules. 

6. Water has many properties which are essential for life. Complete the table below. 

	
	Explanation 
	Significance to living things

	Thermal Properties


	
	

	Cohesion


	
	

	Solvent Properties


	
	


(include uses as a coolant, medium for metabolic reactions, transport medium) 

7.  In the space below, draw the structure of a general amino acid. Include (and label) the amino, carboxyl and ‘R’ groups. 

8. In the space below, draw the generalized structures of fatty acids and glycerol. 

9. Draw the structures of glucose and ribose. 

10.  Complete the table below:

	-saccharides
	examples
	Plant or animal?
	Function/ uses

	Mono-
	Glucose
	
	

	
	Galactose
	Animal
	‘brain sugar’ – less sweet/ less soluble

	
	
	Plant 
	Fruit sugar

	Di-
	Lactose
	
	

	
	
	plant
	

	
	
	animal
	Dimer of glucose, broken down from starch. 

	Poly-
	Starch
	
	

	
	
	animal
	Insoluble storage of glucose

	
	
	plant
	


11. Using labeled diagrams, describe how a monosaccharide (glucose) is converted to a disaccharide (maltose). What is the name of this process? 

12. What is the name of the process through which polypeptides, polysaccharides or triglycerides are catabolised (broken down)? 

13. On a separate sheet of paper, outline condensation and hydrolysis in proteins, saccharides and triglycerides. Label the reactions and bonds formed/ broken clearly. 

14. Triglycerides can have saturated or unsaturated fatty acids attached. 

       Differentiate between saturated and unsaturated fats in terms of: 


a. Bonds in the fatty acid chain


b. Melting point/ state at room temperature


c. Origin (plants or animals)

15. State three functions of lipids: 


1. 


2. 


3. 

16. Compare lipids and carbohydrates in terms of energy storage: 

	
	carbohydrates
	lipids

	Stored as…? 
	
	

	Long/short term storage?
	
	

	Ease of digestion/ release of energy?
	
	

	Energy per gram? 
	
	

	Solubility in water? 

(and consequence)
	
	

	Use of oxygen in metabolism? 

(and consequence)
	
	


17. Draw a single nucleotide, labeling the phosphate, deoxyribose sugar and base. 

18. In the space below, draw a table showing the relationship between purine and pyramidine  

       bases. 

19. Draw a single strand of four nucleotides. Label the bonds between each nucleotide.

20. Append the diagram in (19) with a complementary strand of nucleotides, forming a double-

       strand of DNA. 

21. The diagram shows a simplified double helix. How does a double helix form? What bonds [image: image1.png]rate of photosynthesis
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hold it in position?

22. Draw and label a nucleosome. (HL)

23. What is the function of a nucleosome? (HL)

24. What is supercoiling? (HL)

25.  What are the differences between single-copy genes and highly repetitive sequences? (HL)

26. A single-copy gene contains introns  and extrons. What are these? (HL)

27. What is the main purpose of replicating DNA? 

28. Explain the meaning of ‘DNA replication is semi-conservative’.

29. In the space below, draw and label a diagram explaining the process of DNA replication. 

       Pay attention to the requirements of your assessment level. 

30. How does complementary base pairing ensure the accuracy of the new strand of DNA? 

31. How does mitosis ensure that the daughter cells are genetically identical? 

32. Complete the table with the functions of these five enzymes. (HL)

	Enzyme
	Function

	Helicase
	

	RNA Primase
	

	DNA Polymerase III
	

	DNA Polymerase I
	

	DNA Ligase
	


33. What are Okazaki fragments? (HL)

34. What are nucleoside triphosphates? (HL)


35. In which direction does DNA replication occur? (HL)

36. Where is DNA replication initiated in 
a. Prokaryotes? 



     (HL)







b. Eukaryotes? 

37. What is the central dogma of genetics? 

38. Compare DNA and RNA. 

39. Compare transcription with translation. 

	
	Transcription
	Translation

	Begins with…
	
	mRNA

	Ends with…
	
	

	Location
	
	

	Uses…
	RNA polymerase
	


40.  What is mRNA? 

41. What is tRNA? 

42. Differentiate between triplets and codons. 
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43.  What is the genetic code? 

44. Using the table, deduce the amino acids coded for by these codons: 

AUG

CAG

UCA

GAC

AAA

UGA/UAG

45. What is meant by these phrases?


a. ‘The genetic code is universal’

b. ‘The genetic code is degenerate’
46. Discuss the ‘One gene, one polypeptide’ hypothesis. 

47. In the space below, draw a diagram to explain the process of transcription and translation. 

       (HL students may need to break it into stages and use a separate sheet). 

48. What are sense and antisense strands in DNA? (HL)

49. What happens to introns in the mRNA once transcription has been completed? (HL)

50. What are the four stages of translation? (HL)

51. In the space below, draw a diagram of a tRNA molecule and explain how specific amino acids are attached to the 3’ end. (HL)

52. Draw and label a diagram of a ribosome, showing the large and small subunits, three tRNA binding sites and mRNA binding sites. (HL)

53. What is the difference between polypeptides produced on attached (RER) ribosomes and free ribosomes? (HL)

54. Draw simple diagrams of the four levels of protein structure, including the significance of and types of bonds in each level. 

Primary structure:

Secondary structure: 

Tertiary structure: 

Quaternary structure: 

55. Explain how interactions between R-groups affect the tertiary structure of a protein. 

56. Compare fibrous and globular proteins: 






Fibrous 


Globular

Structure: 

Examples (with uses)

57. What are four functions of proteins? 

58. How are polar and non-polar amino acids used in membranes and enzymes? 

59. What is an enzyme? 

60. What is a metabolic pathway? 

61. Define active site. 

62. What are substrates and products? 

63. In the space below, use diagrams to compare the lock-and-key hypothesis with the induced-fit model of enzyme activity. 

64. What is activation energy? 

65. How do enzymes lower the activation energy of a reaction? 

66. What is denaturation? 

67. In the space below, produce sketch-graphs to show the effects of temperature, pH and substrate concentration on enzyme activity. Explain each graph. 

68. Explain how enzymes are used in the production of lactose-free milk and in two other industrial processes. 

69. Using diagrams, compare competitive and non-competitive methods of inhibition. 

70. Outline the therapeutic use of one competitive inhibitor. 

71. Outline the therapeutic use of one non-competitive inhibitor. 

72. Explain the role of end-product inhibition as a method of controlling metabolic pathways. 

73. Define cell respiration.

74. What are the reactants of cell respiration? 

75. What are the products of cell respiration? 

76. In the space below, draw a simplified diagram of the structure of ATP. 

       Label the location of the high-energy bond. 

77. Explain why ATP is a more useful store of energy within living organisms than glucose. 

78. In which two parts of the cell does aerobic cell respiration take place? 

79.  Define aerobic. 

80.  Define anaerobic. 

81.  Label the diagram of aerobic cell respiration below. 
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82.  Label the diagram of anaerobic cell respiration below. 

83.  Complete the table below, comparing aerobic and anaerobic respiration. 

	Aerobic
	Anaerobic 

	Hexose sugar in

	Oxygen in 
	

	
	2 ATP produced

	Pyruvate as an intermediate

	
	Animals 
	Yeast

	Carbon dioxide produced
	
	

	Water produced
	
	


84.  Complete the table below summarizing the events of aerobic cell respiration. 

	Reaction
	Location
	Purpose
	ATP yield

	Glycolysis
	
	
	2

	
	Matrix of the mitochondrion
	Convert pyruvate (3C) to acetyl CoA (2C)
	0

	Krebs Cycle
	
	
	

	
	Inner mitochondrial membrane
	
	

	Oxidative phosphorylation
	
	
	


85.  Many reactions in living things can be classified as either oxidation or reduction reactions. 

        These are particularly important in cell respiration and photosynthesis. 

        Complete the table below to compare oxidation and reduction reactions. 

	
	OXIDATION
	REDUCTION

	Electrons are…
	lost
	

	Oxygen is…
	
	

	Hydrogen is…
	
	


86.  Define phosphorylation. 

87.  List two ways in which phosporylation is used in cell respiration.  

86.  In the space below, draw a diagram to show the process of glycolysis. 

        Include phosporylation, lysis, oxidation and ATP formation. 

87.  Draw and label a diagram showing the structure of the mitochondrion as seen in a TEM   

image. Include the inner and outer mitochondrial membranes, matrix, christae,  mitochondrial DNA and ribosomes and a scale bar. 

88. Complete the table below with the functions of the structures of the mitochondrion.

       How is each structure adapted to help maximize efficiency of respiration? 

	Structure: 
	Function: 
	Adapted to increase efficiency by: 

	Outer membrane
	
	

	Inner membrane

(including christae)
	
	

	Matrix 
	
	

	Mitochondrial DNA and ribosomes
	
	

	Inter-membrane space
	
	


89.  Explain the link reaction, including oxidative decarboxylation and conversion of pyruvate to 

        acetyl CoA  and CO2. 

90.  The link reaction produces Acetyl CoA (2C) from the input substrate (usually pyruvate). The  

extra carbon is released as carbon dioxide. Acetyl CoA can also be produced from fatty acids. When the fatty acid chain contains an even number of carbons, no CO2 is released. 

How many Acetyl CoA molecules can be produced with the following fatty acids? 

a. 23C

b. 18C

c. 31C
91. What is an electron carrier? 

92.  Name two electron carriers that are used in cell respiration. 

93. Where do the electron carriers produced in the link reaction and the Krebs cycle go? 

94.  In the space below, draw a diagram of the Krebs cycle. 

Include formation of citrate, oxidation, decarboxylation, substrate-level phosphorylation (ATP formation) and production of electron carriers. 

95.  Annotate the diagram below with the stages of the electron transport chain and oxidative  
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phosphorylation. Include generation of a H+ concentration gradient in the inter-membrane space, movement of electrons, oxidative phosphorylation by ATP synthase, use of O2 as the terminal electron acceptor. 

96.  In the space below, using the term ‘chemiosmosis’, describe how ATP synthase works. 

97.  Name compounds in cell respiration that contain: 

a. Six carbons

b. Four carbons

c. Three carbons

d. Two carbons

e. One carbon

f. Zero carbons

98.  Name (with reasons) three tissues in the body that contain high numbers of mitochondria. 

99.  A runner is tested and high levels of lactic acid are found. Can you explain why? 

100.  Explain why ATP yield in aerobic cell respiration is so much higher than in anaerobic 

          respiration. (Long answer question – think about knock-on effects of reduced O2). 

101. Define photosynthesis. 

102.  Write a balanced symbol equation for photosynthesis. 

103.  Visible light is made of many different wavelengths. 

          Match the ranges of wavelengths below with their colours. 


a. 400-500nm  = 


b. 500-650nm  = 


c. 700-800nm  = 

104. Define action spectrum. 

105. What is a pigment? 

106.  Complete the graph below by adding the action spectrum of photosynthesis and the 

          absorption spectrum of chlorophyll. 
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107. Annotate the diagram to explain why most leaves look green. 

108. In the space below, draw and label a diagram of a chloroplast, as seen under a TEM. 

Include thylakoid membranes and thylakoid spaces, stroma, granum, chloroplast envelope and a scale bar. 

109. Complete the table below with the structure of each of the parts of the chloroplast. 

         How does each one help the chloroplast photosynthesise more efficiently? 

	Structure: 
	Function: 
	Adapted to increase efficiency by: 

	Chloroplast envelope
	
	

	Thylakoid membrane

(including granum)
	
	

	Stroma
	
	

	Thylakoid space
	
	


110.  Why are some photosynthetic organisms NOT green? Give an example.

111. Photosynthesis consists of two stages: light dependent and light independent reactions. 


a.   Define photolysis

b.   Define photophosphorylation

c.   Define carbon fixation
112.  Explain what happens to an electron when it is excited by photons of light. 

113. Annotate the diagram below to explain the light-dependent reactions of photosynthesis. 
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Include photolysis, photophosphorylation (and chemiosmosis), movement of electrons,   generation of a H+ gradient using a proton pump, reduction of NADP+ by ferredoxin.  

114. Which two products of the light-dependent reactions are carried through to the light-

         independent reactions? 

115. What is another name for the cycle of light-independent reactions that take place in the 

         stroma of the chloroplast?

116. What is the name of the 5-carbon compound present in the Calvin cycle? 

117.  Define carboxylation and decarboxylation. 

118.  In the space below, draw a diagram to explain the cycle of reactions that occur in the 

light-independent stages of photosynthesis. Include carboxylation of RuBP to glycerate-3-phosphate by rubisco, reduction to triose phosphate, formation of glucose phosphate and reformation of RuBP. 

119.  What is starch? 

120.  What is the test for starch in the leaf of a green plant? 

121. A plant can continue to grow even when placed in darkness. After a period in the dark, a starch test on the leaves will give a negative result. Explain what has happened. 

122.   Describe three ways in which the rate of photosynthesis can be measured. 

123.  In the space below, draw a set of axes and a curve explaining how light intensity can affect 

          the rate of photosynthesis of a green plant. 

124.  In the space below, draw a set of axes and a curve explaining how carbon dioxide  

          concentration can affect the rate of photosynthesis of a green plant. 

125.  In the space below, draw a set of axes and a curve explaining how temperature can affect 

          the rate of photosynthesis of a green plant. 

126.  A limiting factor is the one factor which is in shortest supply or is preventing the rate of a 

          reaction from increasing. If this factor were increased, rate of reaction would increase 

          until another plateau was reached. 

          Explain HOW the following factors can limit the rate of photosynthesis of green plants: 

          (give reasons specific to the reactions of photosynthesis)


a. light intensity


b. carbon dioxide concentration


c. temperature

127.  Using the graph below, deduce, with reasons, the most important limiting factor in the 

          rate of photosynthesis of this green plant. 
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128. Outline the similarities and differences between photosynthesis and respiration. 

         Take time to think about all the connections – reactions, structures, products and  

         Processes – 
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