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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 1401: BIOMOLECULES AND CELLS
THEORY EXAMINATION

TIME: THREE HOURS

Instructions:

1. Answer all questions.

2. All questions carry equal marks.

3. Use the answer sheet provided to record the answers.

4. A correct answer carries +4 marks.

5. A wrong answer carries —1 mark.

6. The option “I do not know” carries 0 mark.

7. Use ink to record the answers on the answer sheet.

8. Cross out a wrong entry and write the correct one by the side.

9. Handover both the answer sheet and question paper at the end of the examination.
10. Any communicatién with another candidate will lead to disqualification.

11. Use of cell phones is not allowed.



1. Choose the statement which is true.

I N

The nucleus of a molecule contains two or more atoms.

The orbitals of an atom are found in the nucleus.

The basic parts of an atom are orbitals, electrons and protons.
The mass number of an atom is determined by the nucleus.
The nucleus of an atom contains electrons and protons.

I do not know.

2. A certain atom has 6 protons, 6 electrons and 7 neutrons; its atomic number is ... while its
mass number is...

I B

13,6

18,12

18,6

6,13

6,7

I do not know.

3. The number of orbitals in the first shell of an atom is...

DB

one
two

three

four

five

I do not know.

4. Electrons in the ... orbital are at lower energy level than those in the ... orbital of the same
shell.

SN e

p; s

8; p

2px; 2py

Is; 2s

2p; 2s

I do not know.

5. Choose the statement which is false about water.

S

Water has a high surface tension due to hydrogen bonding.

Ice is solid because its water molecules are held rigidly by ionic bonds.
Water has a maximum density at 4°C.

The water molecule is held together by covalent bonds.

Water is both partially positive and partially negative.

I do not know.

PROCEED TO NEXT PAGE



6. What do cohesion, surface tension, and adhesion have in common with reference to water?

b L=

All increase when temperature increases.

All are produced by ionic bonding.

All have properties related to hydrogen bonding.
All have to do with nonpolar covalent bonds.

3 and 4 only.

I do not know.

7. Choose the diagram(s) which indicate(s) how water molecules form hydrogen bonds.

@ ®)

SR e

(b)

(©)

(a)

(a) and (b).

(a) and (c).

I do not know.

8. Study Figure 1.

Substanice X —=i¢,

[

Figurel. Water molecules surrounding substance X.

Substance X should be...
1. positively charged.
2. amphoteric.
3. amphipathic.
4. negatively charged.
5. hydrophobic.
6. Ido not know.

()

TURN OVER



9. Why does ice float in liquid water?

10.

11.

12.

13.

1. The liquid water molecules have more kinetic energy and thus support the ice.
2. The ionic bonds between the molecules in ice prevent the ice from sinking.
3. Ice always has air bubbles that keep it afloat.
4. Hydrogen bonds keep water molecules farther apart in ice than in liquid water.
5. The crystalline lattice of ice causes it to be denser than liquid water.
6. Ido not know.

hoose the correct statement.

C
1. Fructose is an optical isomer of galactose.

2. Glucose is a structural isomer of galactose.

3. Ribose is a structural isomer of deoxyribose.

4. Alpha glucose has the OH group on carbon 1 above the ring.
5. Galactose is an optical isomer of glucose.

6. 1do not know.

The bond formed between glucose and fructose is a ... bond and the product is...

1. 1—4 glycosidic, sucrose.

2. 1—4 glycosidic, maltose.

3. 1-—6 glycosidic, lactose.

4. 12 glycosidic, sucrose.

5. 1—4 glycosidic, lactose.

6. 1do not know.

Give the functions of amylose, cellulose and glycogen in the order the substances are

given.

1. Storage, Storage, Structure

2. Structure , Storage, Structure

3. Structure, Storage, Storage

4. Storage , Structure, Structure

5. Storage , Structure, Storage

6. Ido not know.

Which of these is a correct combination of monosaccharides that form a

disaccharide?

Glucose + Glucose = Maltose
Glucose + fructose = Lactose
Glucose + galactose = Sucrose
Glucose + galactose =Lactose
A

B

C

Aand D

Band D
I do not know. PROCEED TO NEXT PAGE
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14. The two structures making up starch are...

15.

16.

17.

1. amylose and cellulose.

2. amylose and amylopectin.

3. amylopectin and glucose.

4. amylase and glucose.

5. amylase and maltose.

6. 1do not know.

Study the characteristics of molecules A, B and C and answer the question that follows.

A. Ester of long chain fatty acid and a long chain alcohol
B. Ester of glycerol and two fatty acids
C. Solid ester at room temperature

The three molecules can be identified as:
1. A =triglyceride, B = oil, C = fat

2. A =diglyceride, B = oil, C = wax

3. A =wax, B = monoglyceride, C = oil
4. A =wax, B = diglyceride, C = fat

5. A=wax, B= oil, C=fat

6. 1do not know.

Phospholipids are suitable in the formation of the cell membrane because of their ...
nature.
1. hydrophobic
2. amphoteric
3. hydrophilic
4, amphipathic
5. dipolar
6. 1do not know.
hoose the correct statement(s).

C
1. One subunit of haemoglobin represents the tertiary structure of proteins.

2. The four subunits of haemoglobin represent the tertiary structure of proteins.

3. Amino acids are held together by hydrogen bonds in the protein primary structure.
4. Statements 1 and 3 are correct.

5. Statements 2 and 3 are correct.

6. 1do not know.

TURN OVER



18.

19.

20.

21.

Study the R-group of an amino acid at pH7 as given below and answer the question that
follows.

—CH,
-

-+
HN  NH

L p
%“\"w"' g
The amino acid with this R-group is...

1. basic.

2. non-polar.

3. hydrophobic.
4. acidic.

5. aliphatic.

6. [do not know.

Choose the correct statement(s).

1. Collagen is a globular protein consisting of three polypeptide chains.
2. Myoglobin is a transport protein with one subunit.

3. Keratin fibre is a structural protein with a tertiary structure.

4. Statements 1 and 3 are correct.

5. Statements 2 and 3 are correct.

6. 1do not know.

Two of the standard 20 amino acids contain sulphur atoms. These are...
1. cysteine and threonine.
2. methionine and serine.
3. methionine and cysteine.
4. threonine and serine.
5. glycine and lysine.
6. 1do not know.
he optical activity of an amino acid results from the fact that it’s alpha carbon ...

T
1. has no net charge.

2. is a carboxylic acid.

3. has a double bond with oxygen.

4. is bonded to four different chemical groups.
5. is symmetrical.

6. Ido not know.

PROCEED TO NEXT PAGE



22.

23.

24.

25.

26.

The negative charge on DNA is mainly due to the presence of ...
amino acids.

ribose sugar.

nitrogenous bases.

phosphate groups.

deoxy ribose sugar

I do not know.

ANl

Purines ... while pyrimidines... :

are one ringed structures; are two ringed structures
are one ringed structures; are one ringed structures
are two ringed structures; are two ringed structures
include adenine and thymine; uracil and guanine
include adenine and guanine; uracil and thymine

I do not know.

S

A nucleoside is a ... without a ...
1. nucleotide; sugar

2. nucleotide; phosphate

3. sugar; base

4. base; nucleotide

5. phosphate, nucleotide

6. 1do not know.

The adjacent nucleotides of DNA are joined together through .. bonds.

I. ionic

2. hydrogen

3. phosphodiester

4. glycosidic

5. phosphoester

6. 1do not know.

Which of the following is not a characteristic of prokaryotes?
1. DNA

2. Cell membrane

3. Cell wall

4. Endoplasmic reticulum
5. Cytoplasm

6. 1do not know.

TURN OVER



27.

28.

29.

30.

31.

In bacteria, some of the functions of eukaryotic organelles are performed by ..
1. vesicles.

2. lysosomes.

3. ribosomes.

4. the plasma membrane.

5. mitochondria.

6. Ido not know.

Choose the correct statement.

1. Bacterial cells use cilia to stick to other bacterial cell.

2. Bacteria use pili for a special kind of sexual reproduction.

3. Plasmids are organelles which contain their own DNA.

4. A flagellum is used by some bacteria to stick to other bacterial cells.

5. Bacteria do not have a true nucleus but have a structure called a nucleolus.
6. Ido not know.

Choose the statement which is false about the bacterial cell wall.
1. It is made up of a phospholipids and proteins.
2. Protects the cell from the outside environment.
3. Maintains the shape of the cell.
4. Has pathogenic properties.
5. It is permeable to water and other small molecules.
6. 1do not know.
Given that the sedimentation coefficient of a prokaryotic ribosome is 708, it’s two
subunits are ...
1. 50S and 208S.
2. 40S and 30S.
3. 60S and 10S.
4. 50S and 30S.
5. 35S and 35S.
6. Ido not know.
he position where ribosomal RNA is produced, in eukaryotes, is called ...

T

1. nuclei.
2. cisternae.

3. nucleolus.

4. Golgi complex.
5. centrioles.

6. 1do not know.

PROCEED TO NEXT PAGE



3.

33.

34.

35.

36.

Ribosomes are found in the following structures:

_ Bacterial cells, mitochondria and chloroplasts.

. Eukaryotic cells, bacterial cells and golgi bodies.
. Chloroplasts, golgi bodies and nucleus.

. Endoplasmic reticulum, nucleus and lysosomes.
Mitochondria, cell membrane and vesicles.

. 1 do not know.

NIV NN

Plant cells discharge their waste materials into ...
. rough endoplasmic reticulum.

mitochondria.

. cytoplasm.

. Chioroplast.

. vacuoles.

. 1 do not know.

The following characteristics are distinct to bacterial, plant and animal cells respectively:
1. Mitochondria, cell membrane, and ribosomes.

2. Circular DNA, chloroplasts and lysosomes.

3. Ribosomes, vacuoles, and chloroplasts.

4. Golgi bodies, endoplasmic reticulum and cytoplasm.

5. Cytoplasm, vacuoles and mesosomes.

6. 1 do not know.

Respiration in bacterial cells takes place...
in the cytoplasm.

on the cell membrane.

. in the nucleoid.

in the cell wall.

. in the ribosome.

. I do not know.

Identify the correct statement(s).

1. The nucleoid is the location of DNA in bacteria.
2. DNA is present in all types of living cells.

3. Plasmids are made of DNA material.

4. 1 and 2 above.

5. All the above.

6. I do not know.

TURN OVER



37.

38.

39.

40.

41.

An atom has a mass number of 23 and atomic number 11. The number of protons are ...
1. 11

2.12

3.22

4.23

5.46

6. 1 do not know.

An atom with two shells has all its orbitals full. Its atomic number is ...
1. 4

2.5

3. 6

4, 8

5. 10

6. I do not know.

toms have no electric charge because they have ...
. an equal number of charged and non-charged particles.

A
1
2. neutrons in their nuclei.

3. an equal number of electrons and protons.
4, an equal number of neutrons and protons.
5. more neutrons than electrons.

6. [ do not know.

Which one of the following statements is false about positive ions?

1. They are also known as cations.

2. They are formed when electrons are removed from atoms.

3. They have the same mass as the atom from which they were formed.
4. They have fewer orbitals than the atom from which they were formed.
5. They attract negative ions.

6. 1 do not know.

Which of the following statements is false about sodium chloride?
1. It has strong covalent bonds.

2. It is soluble in water.

3. It melts at a high temperature.

4. 1t has ionic bonds.

5. It is a solid at room temperature.

6. 1 do not know.

PROCEED TO NEXT PAGE
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42. Which one of the following is false about water?

43,

44.

45.

46.

1.

S

In ice each water molecule is bonded to four others.

Water molecules have a high melting point due to intermolecular hydrogen bonding.
Water has a maximum density at 1 °C.

It is dipolar.

Water is a liquid at room temperature.

I do not know.

hich kinds of bonding can be found in a sample of water?

. Nonpolar covalent bonds only.

. Hydrogen bonds only.

. Tonic and nonpolar covalent bonds.
. Hydrophobic interactions.
. 1 do not know.

W

1

2

3. Both polar covalent and hydrogen bonds.
4

5

6

The volume of water in a pond in high temperature conditions, does not change significantly
over a long time because ...

1.

v R W

A

1
2
3
4
5
6
A
1.
2.
3.
4,
5.
6

the latent heat capacity of water is low.

wind speed doesn’t affect gvaporation of water.
water has a very low specific heat capacity.
water has high latent heat of vapourisation.

_ water has many covalent bonds in it.
. 1do not know.

needle can be made to float on water because water has ...

. very strong capillary forces.

. higher density than the material the needle is made of.
. a high surface tension due to hydrogen bonding.

. weak adhesive forces.

. alow surface tension.

. I do not know.

polysaccharide formed by a p1-4 linkage is ...

lactose. .
glycogen.
amylopectin.
amylose.
cellulose.

1 do not know.
TURN OVER
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47. Which of the following molecules is a carbohydrate?

1. C3H702N

2. C3HsO0s

3. Ci2H24012

4, Ci3Hz602

5. Cz0Ha00O2

6. 1do not know.

48. Which of the following molecules is a ketose?
Ribose

. Glucose

. Fructose

Glyceraldehyde

. Galactose

[ do not know.

49. Classify the molecule shown according to the location of its carbonyl group and the number
of carbon atoms.

H\C/O
I
H-——('Z—-OH
H—(|3-——OH
CH,0H
1. Ketotriose
2. Ketotetrose
3. Aldotetrose
4. Aldopentose
5. Aldotriose
6. 1do not know
50. Starch is composed of two polymers... which is ... chain, and ...., which is ...

1. amylose; unbranched; amylopectin; branched.
2. Amylopectin; branched; amylose; branched.
amylose; branched; amylopectin; unbranched.
amylopectin; branched; glycogen; branched.

1 and 4 above are correct.

I do not know.

S

PROCEED TO NEXT PAGE
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51. Which of the following is an accurate description of the phospholipid bilayer in cell
membranes?

1.
2.

6.

It is made up of two layers of phospholipid polymers.
It is made up of two layers of phospholipid molecules with the tails pointing away from

each other.
It is made up of two layers of phospholipid molecules with the tails lying parallel to each

other.

. Tt is made up of two layers of phospholipid molecules with the tails interacting with each

other.

It is made up of one layer of phospholipid molecules with the tails interacting with each
other.

I do not know.

52. Which of the following statements is true regarding the movement of substances across the
phospholipid bilayer?

53

54.

1.

2.

3.

4.

W
1
2
3.
4
5
6

S T i

Water and ions are unable to cross the bilayer due to the charges present in the head
groups.

Water and ions are unable to cross the bilayer due the hydrophobic tails of the
phospholipid molecules.

Water and ions are encouraged to cross the bilayer by interacting with the charges present
in the head groups.

The molecules in the bilayer are fluid, and so the cell membrane is porous allowing free
passage of ions and water across the cell membrane.

5 Water and ions are able to cross the bilayer due to the charges present in the head groups.
6.

I do not know.

hich of the following statements is correct?
. Three fatty acids combine with 3 glycerol molecules to release 3 water molecules.

. Three fatty acids combine with 1 glycerol molecule to release 3 water molecules.

One fatty acid combines with 2 glycerol molecules to release 2 water molecules.

. One fatty acid combines with 3 glycerol molecules to release 3 water molecules.
. Three fatty acids combine with 1 glycerol molecule to release 1 water molecule.
. Ido not know.

Which of the following functions are associated with lipids?

Cell membrane structural formation.
Vitamin production.

High energy production.

Food reservation.

All the above

I do not know.
TURN OVER
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55, Bubbling hydrogen gas through polyunsaturated vegetable oil will cause the oil to become
more ...
1. unsaturated and more liquid.
2. unsaturated and more solid.
3. saturated and more liquid.
4. saturated and more solid.
5. saturated and have more double bonds.
6. 1do not know.

56. Identify the term which refers to the arrangement of different protein subunits in a protein
complex.
1. Primary structure
Secondary structure
Tertiary structure
Quaternary structure
All 1,2, 3 and 4.
1 do not know.

v AW

57. Serine contains a hydroxyl functional group on its side chain and so its strongest possible
interaction will be a(n) ...

]. ionic bond.

2. hydrogen bond.

3. van der Waals interactions.
4. hydrophobic interactions.
5. covalent.

6. 1do not know.

58. Which of the following statements is false regarding transport proteins?

They are present in cell membranes. ‘

They serve to carry polar molecules across the hydrophobic cell membranes.
They are required to transport amino acids across cell membranes.

They are required to transport hydrophobic substances across cell membranes.
They help to transport ionic molecules across the cell membrane.

[ do not know.

SR i ot

PROCEED TO NEXT PAGE
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39.

60.

6l.

62.

The repeating units of proteins are ...

S N

Tertiary structure is maintained by ...

IR o e

Complementarity of nitrogenous bases plays a major role in the structure of...

1
2
3
4
5
6

To which of the following does adenine form hydrogen bonds in tRNA?

1
2
3
4.
5
6

glucose.
amino acids.
fatty acids.
glycerol.
peptides.

I do not know.

peptide bonds.

hydrogen bonds.
di-sulphide bonds.
hydrophobic interactions.
All the above bonds.

1 do not know.

. nucleosides.

. carbohydrates.

. DNA.

. RNA.

. Both 3 and 4 above.
. I do not know.

Guanine
Cytosine
Uracil

Thymine

. Adenine
. Ido not know.

15
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63. What type of structures are the compounds (i) — (iv)?

(i . [ o iy

ﬁ:
N RN
LD

..«"" o, 07
NN BT OUNTT TN

8O,

Nucleic acids
Nucleosides
Nucleotides
Deoxyriboses
Riboses

I do not know.

DB e

a

64. Eukaryotic DNA is present in ...
. the nucleus only.
. nucleus, mitochondria and smooth endoplasmic reticulum.

. mitochondria, rough endoplasmic reticulum and chloroplast.‘

nucleus and cytoplasm.

1
2
3
4. the nucleus, chloroplast and mitochondria.
5
6. Ido not know.

65. DNA is the genetic material in ...
prokaryotes, eukaryotes and viruses.
prokaryotes and eukaryotes only.
prokaryotes only.

cellular organisms only.

eukaryotes only.

I do not know.

A e
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66. Based on the graph below, which of the following could increase the reaction rate?

67.

SO DR O0

O v i =

substrate concentration

1. Increase the amount of substrate keeping enzyme concentration constant.
2. Reduce the temperature.

3. Increase the temperature to its optimum.

4. Reduce enzyme concentration, keeping substrate concentration constant.
5. Reduce substrate concentration, keeping enzyme concentration constant.
6. 1 do not know.

In what way could you increase the rate of reaction as it is taking place in image C?

A

Add more substrate.

Add more enzyme.

Reduce enzyme concentration.
. Reduce substrate concentration.
Add more water.

I do not know.

O AW~
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68. Which substances are used by prokaryotes for movement?

69.

70.

Cilia

Pilli

Flagella

Contractile vacuoles
Cell wall

I do not know.

R

Use the illustration below to answer the question which follows.

1

O

OOG

Which part in the illustration represents the location where you would expect to find
water insoluble substances?

N e

2and 3
I do not know.

AT I S e

Which of the following is not part of the cell theory?
The basic unit of life is the cell.

Cells came from pre-existing cells.

All living organisms are composed of cells.

All cells contain membrane bound organelles.

All metabolic reactions take place in cells.

I do not know.

SN ol

PROCEED TO NEXT PAGE
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71.

72.

73.

74.

75.

Which of the following statements is false?

1. Flagellum is for movement.

2. DNA can replicate.

3. Cytoskeleton suspends organelles.

4. Lysosomes are for digestion of organic waste in a cell.
5. Animal cells do not have vacuoles.

6. I do not know.

Which of the following terms are not correctly matched?
A pilus is for reproduction.

A cell wall is for protection.

A plant vacuole is for storage of waste cell substances.
Liver cells have mitochondria.

Palisade cells have lysosomes.

I do not know.

A

Which process changes a chlorine atom into a chloride ion?
1. Electron loss.

2. Electron gain.
3. Proton gain.
4. Proton loss.

5. Neutron gain.

6. I do not know.

How many electrons should a carbon atom gain or lose in order for it to be stable?
1. Gain 4 or lose 4.

2. Gain 4 or lose none.

3. Gain 2 or lose 4.

4. Gain 2 or lose 2.

5. Gain four and lose 1.

6. 1do not know.

What is the maximum number of electrons that can be accommodated in the first, second

and third electron shells of an atom?
. 2,8, 8

1
2
3.
4. 2,
5
6

TURN OVER
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76. Non covalent bonds differ from covalent bonds in that ...

AR el

They are individually very weak.

They can add up to create a strong attraction force between two very close molecules.
They stabilise associations between two different macromolecules.

They hold together two atoms of different charges.

All 1, 2, 3 and 4 above.
I do not know.

77. lonic bonds arise ffom...

|
2
3
4.
5
6

78 Which statement is false about a pure water sample? -

1.
2.
3.
4.
5.
6.

. sharing electrons between two atoms.
. transferring electrons from one atom to another.
. glycosidic bonds between two molecules.

dehydration reactions.

. polymerization reactions.
. I do not know.

It has a pH of 7.0.

It is composed of polar molecules.
It is composed of ionic bonds.

It is composed of covalent bonds.
It is a good solvent.

I do not know,

79. Which of the following statements is correct?
1. The specific heat capacity of water is very low.
2. Water freezes at 5 degrees centigrade.
3. Water expands as the temperature increases.
4. A lot of energy is required to separate water molecules.
5. Energy is not required to raise the temperature of water.
6. 1 do not know.

80. When water is consumed in a biochemical reaction the

SN~

melting.
evaporation.
condensation.
frosting,
hydrolysis.

I do not know.

20

process is called ...
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81.

82.

83.

84,

85.

Choose the correct statement about the properties of water. ..

Its specific heat capacity helps keep the temperature of living cells constant.
Its latent heat of vaporization helps in the cooling of living organisms.

Its hydrophobic properties make it a universal solvent.

1 and 2 are correct.

Solid water sinks at 6 °C.

I do not know.

DA WN I~

When a water body develops solid ice at the surface, life forms at the bottom of the
water body...

suffocate to death.

become hyperactive.

become inactive.

freeze to death.

continue with normal life.

I do not know.

A el

The great strength and resistance to hydrolysis of cellulose are due to ...
its branched chains.

. the straight chain portion that is associated with 1, 2-glycosidic bonds.
. long chains of glucose attached to nitrogen.

. parallel arrangement of cellulose fibers.

. the straight chain portion that is associated with 1,6-glyosidic bonds.

. I do not know.

DN =

Oy h B W

Which one of the following substances has the highest molecular weight?
. Glucose

. Pentose

. Sucrose

. Amylopectin

. Triose

. I do not know

BW N -

N W

What is the difference between a monosaccharide, disaccharide and a polysaccharide?
. The number of atoms in a molecule.

. The number of hydrogen atoms in a molecule.

. The number of monomer units in a molecule.

. The type of glyosidic bond between monomer units.

- The arrangement of hydroxyl groups in a molecule.

. I do not know.

N —

AN B
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86.

87.

88.

89.

90.

Identify the oligosaccharide from the following substances.
1. A chain of fifteen monomer units.

2. Tetrose.

3. A chain of four monomer units.

4. A chain with one thousand monomer units.

5. A branched carbohydrate.

6. 1do not know.

One property of condensation reactions is that ...
. they are reversible.

they are irreversible.

they cause a breakdown of macromolecules.
they use a lot of water in a cell.

None of the above.

I do not know.

R N

Which of the following statements is correct?

The melting points of unsaturated fats are lower than those of saturated fats.
The melting points of unsaturated fats are higher than those of saturated fats.
The melting points of both are the same.

All of the above.

None of the above.

I do not know.

AR e

Phospholipids form a micelle in a water solution because of

hydrophilic interactions between water and hydrophobic parts of phospholipids.
hydrophobic interactions between water and phospholipids. :
hydrophobic repulsions between hydrocarbon chains.

hydrophilic interactions between heads of phospholipids and water.

hydrophilic interactions between hydrocarbon chains in water.

I do not know.

SR L~

The general formula of a fatty acid is ...
(CH)»CH2:COOH
CH3(CH2)nCOOH

(CH2)»COOH

(COOH)»COOH

C3HsOs

I do not know

AR
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91.

92.

93.

94.

95.

Which bonds join amino acids together?
Hydrogen bonds.

Hydrophobic forces.

van der Waals forces.

Peptide bonds

Ionic bonds.

I do not know.

SARNGE ol a e

Globular proteins ...

are insoluble in water.

serve as structural materials.

are involved in physiological processes.

are made up of three polypeptide chains in form of fibres.
contain hydrogen bonds only.

I do not know.

A e e

Which of the following is a functional group of a protein?
1. An —OH group.

2. An amino group.

3. A carboxylic group.

4. A hydrogen atom.

5. 1, 2 and 3 are correct.

6. 1 do not know.

In what form would an amino acid exist at a pH 8?
1. Zwitterion ion.

2. The amino acid will have a net charge of zero.
3. It will become positively charged.

4. The amino acid will become an anion.

5. It will become dipolar.

6. I do not know.

Which statement is true about the polarity of a polypeptide chain?
It has an amino-terminus and a carboxylic terminus.

The polarity in a peptide chain allows for pH control.

This kind of polarity allows hydrogen bonding.

It refers to hydrophilic properties.

All the above mentioned statements

I do not know

SN Sl Sl

TURN OVER
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96.

97.

98.

99.

What are the forces that determine the folding of a protein molecule into a unique shape?

A e

Hydrogen bonds.

lonic interactions.

van der Waals interactions.
Hydrophilic interactions.
All the above.

1 do not know.

Which one of the following statements about mRNA is false?

R

It carries the genetic information from DNA.
It codes for the synthesis of specific proteins.
It forms associations with ribosomes.

It is made in the nucleus.

Its base triplets are called anticodon.

I do not know.

The polarity of a DNA strand is determined by...

1
2

3
4
5
6

. the nitrogenous bases containing hydrophilic amino groups.
. the presence of uracil in the molecule.

. sugar molecules.

. hydrogen bonds between the nitrogenous bases.

. its sugar-phosphate back-bone.

. I do not know.

Which statement is true about the following reaction?

[\

oA W

Enzyme (E) R
Substrate (S) " Product (P)

. If the concentration of S is high and the concentration of P is low, then enzyme activity is
high.
. When the concentration of P is high and the concentration of S is low, then enzyme
activity is high. ‘
This reaction is irreversible.
When the concentration of E drops, the reaction stops completely.
. When the concentration of E is increased, the concentration of S increases as well.

I do not know.

PROCEED TO NEXT PAGE
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100. Which of the following is a substance that lowers the activation energy?
. Anion

A reactant

A catalyst

A substrate

A product

I do not know.

R N

END OF EXAMINATION
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1. Choose the relationship which is true regarding the central dogma of molecular biology.

v

translation --> replication --> protein.
transcription --> translation-->protein.
translation-->protein--> replication
transcription --> protein -->. translation
transcription --> translation --> replication.
I do not know.

2. Semi-conservative replication of DNA was first demonstrated in...

3. The
1
2.
3
4
5
6

human beings.
Escherichia coli.
onion root tips.
Drosophila.

pea plants.

I do not know.

correct sequence of stages of prokaryotic DNA replication is...
initiation --> activation --> termination.

initiation --> polymerisation --> termination.

modification --> activation --> termination.

initiation --> termination --> modification

initiation -->replication --> transcription.

I do not know.

4. The process of removing the ... from pre-mRNA and joining the remaining
form a mature mRNA molecule is called ...

1.

2
3
4.
5
6

exons, introns, splicing

exons, introns, transcription

introns, exons, post-transcriptional modification,
introns, exons, poly A tail addition.

introns, exons, posttranslational modification.

1 do not know.

... together to

5. The presence of a methylated guanine head on an RNA molecule indicates...

1.

2
3
4.
5
6

exons which must be removed.

a newly synthesised tRNA molecule.
the initiation of transcription.

a mature tRNA molecule.

a mature mRNA molecule.

I do not know

6. Ribosomal RNA ...

1.

3
4.
5.
6

is synthesised in the prokaryotic nucleolus.
combines with tRNA to form ribosomes.
is synthesised in the eukaryotic cytoplasm.
is synthesised in the eukaryotic nucleolus.
carries the genetic code.

1 do not know



7. Which of the following does not code for an amino acid?

1. AUG
2. UGA
3. UUU.
4, CCG.
5. UGG
6. Ido not know.

8. Choose the statement which represents the Wobble hypothesis.
1. The genetic code is universal.
2. Two amino acids may have one codon.
3. The tRNA molecule has a complex shape
4. There are more than one stop codons.
5. The codon CUG may pair with the anticodon GAU
6. 1donot know. , "

9. The codon, anticodon and DNA sequence for tryptophan are ... and ... respectively
1. UGG, ACC, TGG ’

2. UGG, ACC, ACC
3. UGA, ACU, ACT
4. AUG, AUC, ATC
5. AUG, UAC, TAC
6. I do not know

10. During the process of translation...

the growing polypeptide is passed from the P-site to the outside.

all incoming tRNAs must first bind to the P-site.

initiation begins with the binding of the ribosome to the start anticodon.
the message on tRNA is translated into a polypeptide.

termination is achieved by the binding of tRNA to the stop codon.

I do not know.

aUnp W=

The role of mRNA is to...

1. speed up the process of protein synthesis.

9. translate the genetic code into a specific amino acid.
3. transmit genetic information for protein synthesis.
4.

5.

11.

modify newly synthesised proteins.
provide information needed for DNA synthesis.
6.1 do not know.

12. The enzyme amino acyl-tRNA synthetase....

1. synthesises tRNA.

9. activates the target amino acid.
3. attaches an amino acid to tRNA.
4. synthesises mRNA.

5. activates the target tRNA.

6. 1do not know.



13.

14.

15.

16.

17.

18.

The term gene expression is the ...

OV R W N

C
1
2.
3.
4
5
6

A
1
2.
3.
4
5
6

. production of a protein from information on DNA. '
-production of gametes from the male or female gonads.- =
fertilization of the female gamete by the male gamete. o
conversion of an enzyme from its inactive forminto its active form:

removal of introns from pre-mRNA.. -
1 do not know.

hoose the item which is not part of the Lac operon.

Repressor
Regulator
Inducer
Promoter.

1 and 3 above

. Ido not know.

bivalent is made up of ...
. two chromatids.

sister chromatids.

Four homologous chromatids.
1 and 2 above are correct.

1 and 3 above are correct.

1 do not know

Explain what happens during the G2 phase.

N o e

Chromosomes replicate.

DNA duplicates.

Enzymes and proteins are synthesised.
A cell experiences growth.

2 and 4 above.

I do not know

In mitosis chromatids are held together by ...

ok W

centromere.
spindle fibre
centrosome
centrioles
microtubules
1 do not know.

Choose the event which corresponds to prophase.

SIP ol ol M

Formation of a wall plate

Formation of four haploid chromosomes

Formation of spindle fibres

Alignment of chromosomes along the equatorial plate.
Separation of sister chromatids.

1 do not know.



19. Cell plate formation is a feature of ...

20.

21.

22.

23.

24.

kW=

bacterial cell division.

plant and animal cell division.
animal cell division.

plant cell division.

plant and bacterial cell division.
1 do not know

Separation of bivalents takes place during ...

T

C
1
2
3.
4
5
6

telophase.
anaphase 1.
metaphase 1I.
prophase L.
anaphase 1.

I do not know.

hoose the stage when the diploid cell becomes haploid.

Prophase 1.

. Metaphase II.

Anaphase II.
Anaphase 1.

. Telophase L.

1 do not know.

In a monohybrid cross the ...

1
2

3
4
5.
6

. recessive phenotype disappears in the Fy generation.
. dominant phenotype disappears in the F2 generation.

. recessive phenotype re-appears in the F; generation.

. recessive phenotype appears in the F1 generation..
co-dominant phenotype disappears in the F} generation.
. 1do not know.

a monohybrid testcross ...
. all the progeny have the recessive phenotype.
. the progeny phenotypic ratio is 3:1

. the progeny phenotypic ratio is 1:2:1
. the progeny have three phenotypes.
. I do not know.

In

1

2

3. the progeny phenotypic ratio is 1:1.
4

5

6

A monohybrid test cross is used to ..

1
2
3
4.
5
6

. test the phenotype condition of a dominant parent.

test the genotype condition of a dominant phenotype.

. test the genotype condition of a homozygous recessive parent.

test the phenotype condition of a heterozygous recessive parent.
test for both genotype and phenotype of heterozygous parents.

. I do not know.



25. One pure variety of peas has yellow seeds which have a smooth shape while another
variety has green seeds which have a wrinkled shape. The Fa generation of these two
varieties has some plants with yellow seeds which are wrinkled. The observation in the F2
generation is because of...

multiple alleles.

parents who are dihybrid.

the events of prophase I

incomplete dominance

co-dominance.

I do not know.

o

26. The F2 generation of a dihybrid cross will have ... genotypes and.... phenotypes.
4,9

4,16

9,4

16:4

8,8
1 do not know.

vk wN =

27. The dihybrid cross YyRr x yyRR will produce:
4 genotypes and 9 phenotypes

2 phenotypes and 4 genotypes

2 genotypes and 2 phenotypes

4 genotypes and 2 phenotypes

9 genotypes and 4 phenotypes

I do not know.

kWD

Q28- 30. Use the information below to answer these questions.

A cross was carried out between two plants; YyRr (yellow, round seeds) x yyrr (green,
wrinkled seeds). Out of 96 progeny, the following results were obtained:

Yellow round 58
Yellow wrinkled 11
Green round 12
Green wrinkled 35

A chi-squared test was carried out to test the results of the progeny using Table 1 and
probability value of 0.05.

Table 1. Tabulated (critical) chi-squared values for up to four degrees of freedom

Probability
0.01[0.05 {0.10 } 0.20 05 |07 (0.8 0.9
66 |38 127 1.6 0.5 0.2 |0.06 0.02

1
Degrees of 2 92 160 4.6 3.2 1.4 0.7 0.5 0.2
freedom 3 16.317.8 6.3 4.6 2.4 1.4 1.0 0.6
4

13.319.5 92 {73 44 |30 123 1.6




8. The calculated chi-squared value is...

1. 150.
2. 36.
3. 5%.
4. 95%.
5. 65.
6. 1do not know.
29. The degrees of freedom are...
1. 2.
2. 3.
3. 4.
4. 9.
5. 16.
6. Ido not know.
30. Use the results of the test in question 28 to make your conclusion at probability value of
0.05.
1. The results agree with the Mendelian F2 dihybrid ratio.
5 The results do not agree with the Mendelian F2 dihybrid ratio.
3. The results agree with the Mendelian F1 dihybrid ratio.
4. The results do not agree with the %/Iendelian F, monohybrid ratio.
5. The results agree with the principle of multiple alleles.

6. I do not know.

31. Which of the following is (are) involved in a the replication fork?
DNA helicase

RNA primer

DNA polymerase 111

Single stranded binding proteins.

All of the above components

1 do not know

Il

32. DNA replication is semi-conservative because the ... strand will be complemented by a

new strand in the ... helix.
1. RNA; DNA

2. Primer; DNA

3. template; double
4, new; double

5. lagging; RNA

6. 1 do not know

33. Why must the lagging strand of DNA be replicated in short pieces?

_ Because of limited space between the forks.

To avoid the helix getting distorted. '

Ligase can synthesise a short length of nucleic acid.

DNA polymerase III can synthesize a strand of DNA 5' to 3! direction.
It helps with proof reading during the polymerisation process.

1 do not know

Yt

awnkwN

6



34. Which one of the following is false about mRNA processing in eukaryotes?
1. Exons are not affected by post-transcription of mRNA.
2. The primary mRNA transcript is longer than mature mRNA.
3. Exons are excised and hydrolyzed before mRNA moves out of the nucleus.
4, Introns are removed before mRNA leaves the nucleus.
5. Primary mRNA transcript is modified by 5! capping and 3' polyadenylation.
6. I do not know

35. Which one of the following statements is correct about RNA polymerase?
1. It facilitates replication in DNA duplication.
2. It establishes hydrogen bonds between nucleotides in DNA.
3. It polymerises both introns and exons.
4. It is involved in polymerisation of DNA strands.
5. It recognizes promoter sequences on DNA for replication to take place.
6. 1 do not know

36. Using the genetic code provided, identify the 5°to 3’ nucleotide sequence for the
tripeptide Phe-Gly — Lys.
1. UUU GGG AAA
2. GAACCCCTT
3. AAAACCTTT
4. CTT CGG GAA
5. AAA CCCUUU
6. I do not know.

37. Choose the statement which is false.
1. An allele is responsible for many visible traits.
2. Every trait is potentially affected by many genes.
3. The sequence of nucleotides in a gene specifies the sequence of amino acids.
4, Every amino acid is coded for by one codon.
5. Many traits are affected by both the environment and genes.
6. I do not know.

38. Study the homologous chromosomes given below.

— —
— —

Tva Wy

Cross over can take place between the following pairs of chromatids;
1. Aand D

2. Band C

3. Cand D

4. Band D

5.1, 2 and 4 are possible.
6. I do not know. -



39.

40.

41.

42.

44.

Choose the correct statement.

1. The cells from which gametes are produced are haploid.

2. Sexual reproduction provides for genetic variation.

3. The male reproductive organs are called gametes.

4. Mitosis produces a tetrad of cells.

5. Meiosis is important because it is responsible for repair of broken tissue.
6. 1 do not know.

Choose the false statement.

Synapsis is a regular occurrence in meiosis.
Mitosis is a reductional division.

The male reproductive organs produce gametes.
The genetic content of tissue cells are identical.
_ All of the above statements are false.

6. I do not know.

s W

Chromosomes are best observed at the stage of ...
1. Interphase

2. Prophase

3. Metaphase

4, Anaphase

5. Telophase

6. 1 do not know.

Which one of the following is not part of a eukaryotic chromosome in any phase?

1. Centriole

2. Histone

3. Nucleosome
4, Chromatin
5. Centromere
6. I do not know

. In anaphase [, the ...

chromatids are pulled apart.

centromeres are replicated.

chromosomes exchange segments of DNA.
non-sister chromatids are separated.
centrioles replicate.

1 do not know.

ok W

Ribosomal RNA, ...

1. is a site for polypeptide synthesis.

2. is a transport molecule for amino acids to the ribosome.

3. travels to the ribosome to direct the assembly of polypeptides.
4. transcribes DNA.

5. translates DNA codes into proteins.

6. I do not know.



45. A somatic cell has 24 chromosomes aligned at metaphase. How many chromosomes are

present at anaphase? '

1. 12

2. 24

3. 36

4. 48

5. 96
6. I do not know.

46. Interphase is the part of a cell cycle when...
1. acell ceases to function.
2. a germ cell forms its spindle apparatus.
3. acell grows and duplicates its DNA.
4, mitosis proceeds.
5. meiosis takes place.
6. I do not know

47. Which of the following components of DNA replication involves multiple RNA primers?
1. Unwinding DNA double helix.
2. Leading-strand DNA synthesis.
3. Lagging-strand DNA synthesis.
4. Telomere synthesis.
5. Repair of damaged DNA.
6. I do not know.

48. Which of the following statements is true about Mendel?

1. His discoveries concerning genetic inheritance were generally accepted by scientific
community in the mid-19* Centaury.

2. His discoveries concerning genetic inheritance were generally rejected by scientific
community in the mid-19® Century.

3. He believed that genetic traits of parents would usually blend in their children.

4. He carried out experiments about gene linkage.

5. 2 and 4 are correct.

6. I do not know

49. The idea that different pairs of alleles are passed to offspring independently is Mendel’s
principle of ...
1. unit inheritance.
2. segregation.
3. independent assortment.
4. linkage.
5. incomplete dominance.
6. I do not know.



50.

51.

52.

53.

54.

A lethal condition arises when ...

1. one allele is dominant to the other.

9. both alleles independently express themselves equally.
3. alleles are tightly linked on the same chromosome.

4. both alleles fail to express themselves.

5. the allele is in a homozygous condition.

6.1 do not know.

Which of the following is not a property of the genetic code? It is ...
non overlapping -

almost universal

ambiguous

commaless

redundant

1 do not know

AUk

The expression of a given gene in a cell depends on ...
1. the type of cell and its function.

7. its biochemical conditions.

3. its cellular signals.

4. presence of appropriate enzymes in the cell.

5. All of the above

6.1 do not know

In prokaryotic cells the ... precedes the structural operon gene.
1. lactose molecule

2. repressor

3. promoter

4, operator

5.Both 3 and 4

6.1 do not know

Phenylketon uria (PKU) is an inherited disease caused by a recessive allele p. If a woman
and her husband are normal but carry the recessive allele, which one of the following
statements would be correct? »

1. All their children will be of normal phenotype.

2. All their children will have the disease

3. At least one child will have the disease

4. Half of their children will have the disease

5. Three-quarters of the children will have the disease.

6.1 do not know.

10



55.

56.

57.

58.

59.

Crossing over occur during. ..
1. laptotene.

2. pachytene.

3. diplotene.

4. zygotene.

5. diakinesis.

6. I do not know.

Linkage prevents ...

homozygous condition.
heterozygous condition.
recombination.

segregation of alleles.

coupling and repulsion phenomenon.
I do not know.

QA WDN -

Elongation of the leading strand during DNA replication ...
1. progresses away from the replication fork.

2. occurs in the 3’ to 5” direction.

3. produces Okazaki fragments.

4. depends on the action of DNA polymerase III.

5. does not require a primer.
6. 1do not know.

Multiple replication forks along the DNA ...

1. correct replication errors.

2. reduce DNA replication time.

3. increase DNA replication time.

4. ensure that the new and old DNA strands are complementary.
5. signal DNA polymerase to stop.

6. I do not know.

In the ABO blood system, alleles I* and IP are co-dominant to each other and they are
both dominant to allele I°. Predict the parental phenotypes whose mating produces the
following offspring blood genotypes: IAIR; IA1%; IBIC and I°1°

1. Oand O

2. Band O

3. Aand O

4. Aand A

5. Aand B

6. I do not know

11



65.

66.

67.

68.

69.

70.

Which of the following enzymes are used to join bits of DNA?

Nl

Endonuclease
RNA primase
DNA polymerase
RNA ligase
DNA ligase

[ do not know.

When DNA replication starts ...

S S

T

R N

the leading strand produces Okazaki fragments.

hydrogen bonds between nucleotides of two strands break.

bonds between the nitrogenous bases and the deoxyribose sugars break.

the phosphodiester bonds between two adjacent nucleotides break.

hydrogen bonds between nucleotides in the phosphate backbone of DNA break.
[ do not know

he process involved in the formation of RNA from a DNA template is called ...
. transcription.

. translation.

. replication.

. transformation.

protein synthesis.

I do not know.

Which part of tRNA forms hydrogen bonds with mRNA?

QU W

Terminal 3'end of molecule.
Terminal 5' end of the molecule.
Codon.

Anticodon

Acceptor arm

I do not know.

The DNA template for protein synthesis has the following base sequence:
AGCTTCGA. Determine the order of complementary bases in mRNA.

. TCGAAGCT
. UGCUAGCT
. TCGAUCGU
. UCGAAGCU
UGCAAGCA
. I do not know.

Which of the following statements is correct?

oA wN -

A charged tRNA is one that has an amino acid attached to it.

A source of energy is required for an amino acid to get activated.
The acceptor arm of tRNA ends in the nitrogenous bases CCA.
The bond between tRNA and amino acid breaks in the P site.

All the above statements are correct.

I do not know.

13



71.

72.

73.

74.

75.

Which of the following is not directly involved in translation?
. mRNA

tRNA

. Ribosomes

. translocase enzyme

. RNA polymerase

. I do not know.

AWn AW -

If a codon on a DNA non-template strand is ATC, the corresponding tRNA anticodon
will be ...

1. ATC.

2. AUC.

3. UAG.

4. TAG.

5. TAG.

6. 1 do not know.

Which of the following is the most appropriate definition of an operator?
1. A series of genes that are controlled by one promoter site on DNA.

7. A set of coding regulatory sequence of bases on DNA.

3. A DNA binding protein that helps to transcribe a cluster of genes.

4. A protein that is transcribed by nonstructural genes.

5. A non-coding regulatory DNA sequence to which a repressor protein binds.
6. 1 do not know.

Which of the following is true of the lac operon in E. coli?

1. The operon is only switched on in the absence of lactose.

2. The lac operon is polycistronic mRNA.

3. B-galactosidase is only produced in large quantities when the lac repressor is bound to
the operator.

4. The promoter is the binding site for the lac repressor. :

5. The operon enzyme transcribes the structural genes when the lac repressor is bound to
the operator site.

6. 1 do not know.

There are ... possible combinations, of ... sequences that can be made from ...
60; four-letter nucleotide; four nucleotides.

64; three-letter nucleotide; three nitrogenous bases.

61; three-letter nucleotide; three nitrogenous bases.

64; three-letter nucleotide; four nitrogenous bases.

58; two-letter nucleotide; four nucleotides.

1 do not know.

SN ol S
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76.

77.

78.

79.

80.

81.

The first mRNA codon to specify an amino acid is always
TAC.

UAA.

UAG.

AUG.

UUA

I do not know.

QU W

Transcription occurs along a DNA template in the direction ... forming mRNA in the ...
direction.

5t03";5t03

5'to 3" 3'to §'

3to 55t 3

3t053to '

3 and 4 above are correct

I do not know

OB W

Chromosomes that are of the same size, shape and banding pattern are called ...
1. sister chromatids. '
2. duplicates.
3. homologues.
4. non-sister chromatids.
5. bivalents.

6. I do not know

The process of matching chromosomes becoming zipped together occurs during ..
prophase I.

prophase II.

metaphase |

metaphase II.

Anaphase II.

I do not know

A

Chromosome theory of inheritance states that ...

1. genes occupy specific positions on chromosomes.

2. homologous chromosomes segregate from each other during meiosis.
3. non homologous chromosomes assort independently during meiosis.
4. 1, 2 and 3 above are correct.

S. Only 1 above is correct.

6. 1do not know.

The three base sequence of DNA codes for one ...
protein.

strand of mRNA.

amino acid.

polypeptide.

strand of tRNA.

I do not know

A
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82.Someone who is homozygous has ...

83.

84.

85.

86.

only one dominant allele for a gene.

only one recessive allele for a gene.

two different alleles for a gene.

neither dominant nor recessive alleles for a gene.
two copies of the same allele for a gene.

I do not know

ok WD

From a cross of heterozygotes, which of the following ratios indicates presence of a
lethal gene?

1. 1:1

2. 1:2:1

3. 2:1
4, 3:1
5. 4:1

6. I do not know

There are three possible alleles of the blood group gene: 1%, IB and I°. However, in an
individual, there can be only two alleles; one contributed by the father and another by the
mother. Considered together in a population there can be ... genotypes and ... distinct
phenotypes.

four; six

three; two

six; four

five; two.

four; two

I do not know

v B

An animal somatic cell nucleus contains 12 chromosomes while a nucleus of a sperm cell
contain only 6 chromosomes. What does “n” equal to for this species?

1.3

2. 6

3. 12

4, 24

5. 48

6. I do not know

During which of the following stages of a cell cycle would a chromosome consist of only
a single chromatid?

Karyokinesis

mitotic metaphase

Mitotic prophase

Gl.

G2.

I do not know.

R

16



87. Which of the following events occurs in meiosis but not in mitosis?
Segregation of sister chromatids.

Pairing of homologous chromosomes.

Crossing-over between homologous chromosomes.

Alignment of chromosomes on the metaphase plate.

2 and 3 are both correct.

I do not know.

S e

88. In the life cycle of a human cell, each chromosome contains two chromatids by the end
of the ... phase.

Gl

G2

metaphase

synthesis

cytokinesis

I do not know.

NN B W

89. Unattached earlobes is dominant to attached earlobes. Two parents, both with unattached
earlobes, had a child with attached earlobes. What are the chances that their next child
will have attached earlobes? '

100%

75%

50%

25%

0%

I do not know.

OV LA W

A cross between plants with red flowers (CR) were crossed with plants which bear white
flowers (CV). The offspring had pink flowers. (Use this information to answer questions 90
and 91).

90. Identify the parental cross which gave rise to the results above.
CRCR x CRCR '
CYCR x CWCR
CRCR x Cc¥WcV

x cvV¢cv

CRC? x CWcCR

I do not know. '

SO
@)
€
0
£

91. Identify the kind of inheritance shown in the cross above.
Complete dominance

Incomplete dominance

Codominance

Inheritance involving lethal genes.

Multiple allele inheritance.

I do not know.

I S
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92.

93.

94.

95.

96.

Vanica noticed that there was a lot of variation in height among her classmates. From
this observation what do you know about the inheritance pattern of height?

e

Tallness is dominant to shortness.

Several of the children are taking growth hormones.

It is continuous variation.

It is dependent on the environment each one comes from.
It is controlled by a few genes.

I do not know.

From a cross of heterozygotes, which of the following ratios show co-dominance?

A e

4:1

1:1

1:2:1

3:1

2:1

I do not know.

What type of blood group will the offspring of the following parents have?
Mother with blood group AB x Father with blood group O.

1.
2.
3.
4.
5.
6.

0]

AorB

AB

AorO
OorB

I do not know.

What amino acid is coded by the triplet of bases UAU?

1.
2.

Phenylalanine
Serine

3. Tyrosine
4. Cysteine

5.
6.

In
1.
2.
3.
4,
5
6.

Glycine
I do not know.

the F2 generation, the 3:1 ratio is really a disguised ...
1:2:1
2:1:1
1:1:2
4:0

4:1
I do not know.
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97. Advantages to using the garden pea for Mendel's experiments included all listed below
except ...

true-breeding varieties were scarce.

he could expect to observe segregation of traits among the offspring.

they have relatively short generation time. "

sex organs of the pea are enclosed within the flower.

provided large population samples.

I do not know.

N R

98. The wobble hypothesis refers to the ...

1. ability of tRNA to fit in many different positions on mRNA.

2. ability of DNA to make more than one type of RNA.

3. ability of tRNA to match with codons that may differ in the third base.

4. shifting of the reading frame through the translocation of the ribosome during
translation .

5 ability of mRNA to attach to one tRNA.

6. 1 do not know.

99. During initiation of prodkaryotic translation, formylmethionine binds to the ...
50S ribosomal subunit. '

80S ribosome.

308 ribosomal subunit.

60S ribosome.

70S ribosome.

1 do not know.

SNk W=

100. Which of the following is correct?

Each chromosome has four chromatids at metaphase of mitosis.
Each chromatid becomes a chromosome at metaphase of mitosis.
Mitosis produces four genetically identical daughter cells.
Centrioles are components of a centrosome.

Each centriole has a set of three microtubules.

1 do not know

SRVl Sl
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The genetic code

MECDLE LETTER

u ¢ A ' &
WU 7| phenyi - | UCU] vau | _ |ust] oysteine| ¥
; alanine oo | Tvvosinm “
u guc | uce | Serlne UAC Ve c
uuA 7] , A UGA* T . a
Leuctne uca VAR uaA TWM
UG | voE. UAG* ves FhEn (g
2 cuy cod CAU | yictidine | U 8
n ¢ |eus | veucine Proline e cee Arginine ¢ 5
- ‘ CCA “CAM CGA A i}
5 cus Glutamine | , o
3 A cce | CAG GG c ||
5 u ] cu | ' U
- AU acu AnU , ,
= , Jaaley - v Aspacagirne Mm? Serine 8
™ CITL N R ACE AAC AGC c
2 A cine | Threpnine = = =
o ALA ACA ABA o AGA A =
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s L ACG| ARG | AGG | G
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http://images.tutorvista.com/content/gene—expression/genetic-codes.ipeg (retrieved 07/09/16)
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 2002: STATISTICAL ANALYSIS OF BIOLOGICAL DATA
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE
FIFTH FROM EITHER SECTION. FOR EACH SECTION USE SEPARATE ANSWER

BOOKS. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.

SECTION A

1. In Table 1 are the lengths (to the nearest whole millimeter) of 10
seeds that were planted at the same time.

Table 1: Lengths of 100 shoots (mm).

0 shoots grown from

673 75 713 14 14 74 14 4
472 75 76 73 71 73 80 75
872 78 74 75 74 6 177 71
w76 76 77 170 11 12 74 T7
.72 70 74 76 72 73 171 74
7579 75 74 75 74 71 1375
2570 73 75 70 72 712 7176
7476 74 75 714 16 75 75 13
874 73 75 74 13 72 76 13
a7 72 7T 719 718 6 77 T3

77
75
72
76
74
73
73
73
76
71

a) Byusinga class interval of 1, prepare a frequency distribution for these data.

b) Determine the mean of the shoot- length measurements.

¢) Determine the standard deviation of the 100 shoot-length measurements.

TURN OVER



2. Long- term studies of a pond community have shown that it is inhabited by only two
species of meniscus midge (Diptera: Dixidae), namely Dixella autumnalis and Dixella
attica.

The pupae, which are indistinguishable are dispersed randomly and independently in the
habitat, are collected from emergent vegetation just above the water line, and emerge as
adults within a few days inthe captivity. On the basis of very large samples it is known
that on average 80 out of every 100 pupae collected will emerge as D. autumnalis and the
remainder as D. attica. It is also known that, on average, insects emerge in the ratio 1:1
males to females, i.e. 1 out of every 2 is a male, and the other a female. Assume that there
is negligible mortality during pupation, and that an ‘event’ is the hatching of a pupa
which has been selected at random.

a) Determine the probability that the outcome of an event is D. autumnalis.

b) Determine the probability that the outcome of an event will be a male.

¢) Estimate the probability that the outcome of an event will be either D. autumnalis or
D. attica.

d) Estimate the probability that the outcome of an event will be female D. attica.

e) If the outcome of an event is described in terms of species and sex, show that the sum
of the probability distribution for all possible outcomes is equal to 1.

f) Using the probability distribution estimated in (e), determine the expected frequency
of each outcome in terms of species and sex in a sample of 200 collected from a
different pond if the same conditions are presumed to apply.

3. (a) Describe different types of graphical presentation of data.
(b) Use the data in Table 2 to construct a multiple bar chart.

Table 2: Grain production for the period of 3 years (1969 — 1972). -

Year Production ( million tonnes)
1969- 1970
1970- 1971
1971-1972 42.74 24.47 26.39

PROCEED TO NEXT PAGE



4. A testing lab wishes to test two experimental brands of outdoor paint to see how long
each will last before fading. The testing lab makes 6 gallons of each paint to test. Since
different chemical agents are added to each group and only six cans are involved, these
two groups constitute two small populations. The results (in months) were as shown in
Table 3 below.

Table 3: Fading period (in months) of outdoor paint

Brand X Brand Y
10 35
60 45
50 30
30 35
40 40
20 25

(a) Find the mean time for each group of paint.
(b) Determine the spread or variability of the data set using the range, variance and
standard deviation.

SECTION B
5. (a) Making a type I error than type I error is more common in statistics.
(i) Differentiate type I from type II errors.
(ii) Explain how type I error can be overcome.
b @D List three conditions that are necessary in conducting ANOVA test.
(c) State what letters A to F in Table 4 represent.

Table 4: Sample t — test.

One — sample t - test Two — sample t - test
null hypothesis | alternative hypothesis | null hypothesis | alternative hypothesis
LS Mo A (L ) D
B B# o E p1 # Yo
C B < Ko F P < o
PROCEED TO NEXT PAGE



6. A random sample of 10 young men was taken and the heart rate (HR) in beats /minute of
each young man was measured before and after taking a cup of caffeinated coffee. The
measurements were recorded in Table 5.

Table 5: Heart rate measurements (beats/minute) in 10 young men.

Subject HR (beats/minute) HR (beats/minute)
Before After

(a) Using data provided in Table 5, explain if it can be concluded that caffeinated coffee
has an effect on the heart rate of young men. (Level of significance = 0.05)
(b) Determine the 95% confidence interval for mean differences.

7. You are provided with height and diameter measurements in table 6 taken from 12 plants
selected randomly from a population.

Table 6: Diameter and height measurements.
Plant 1D Diameter (mm

PROCEED TO NEXT PAGE



Given that the linear regression of the data in Table 6 is y = 0.0149x + 0.0338, answer the

following:

(a) Calculate the coefficient of determination.

(b) Draw a conclusion from the coefficient of determination calculated in part a above.

(c) Given that diameter of 12mm was measured on one plant, estimate the expected
height of this plant.

. Height measurements (m) were taken on five provenances (A to E) as indicated below:

A:28 34 33 20 30

B:33 31 37

Cc:23 27

D:21 28 12 15

E:63 126 70

Using the data on height measurements for different provenances, determine if it can be
concluded that all height means for provenances are equal.
(Level of significance = 0.05).

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 2302: BASIC MICROBIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO FROM EACH SECTION, AND
THE FIFTH FROM EITHER SECTION. ILLUSTRATE YOUR ANSWER WHERE
NECESSARY. USE SEPERATE ANSWER BOOKLETS FOR EACH SECTION.

SECTION A

1. Describe bacterial growth where marked differences appear between the parent cell and
daughter cell. Give examples.

2. Describe methods by which bacteria develop genetic variants.

3. (a) Describe the arrangement of prokaryotic flagellum. :
(b) Describe the ultra structure and the mechanism of prokaryotic flagellum movement.
4. Discribe the structure and function of mesosomes and ribosomes in prokaryotes.

SECTION B

5. Describe the variations in viruses with reference to their shape, size, structure and
envelope. '

6. Summarise two of the following:
(a) Lysogenic cycle in bacteriophages.
(b) Criteria used for LHT system of virus classification.
(c) Structure of Human Immunodeficiency Virus (HIV).

7. (a) Describe the methods used for isolation and cultivation of bacteriophages and animal

viruses. :
(b) List the approved characters for the identification of viruses as suggested by Gibbs er

al. in 1966.

8. Discuss Tobacco Mosaic Virus (TMV) in relation to its symptoms, structure, protein
synthesis and mode of transmission.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 2701: BASIC PTHYSIOLOGY
HEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE

FIFTH FROM EITHER SECTION. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.
USE SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A: Plant Physiology

1. (a) Discuss the internal and external factors, with respect to the plant, which affect water
uptake from the soil by plant roots.
(b) Calculate the hydraulic conductance of a mesophytic plant root system with the following
parameters:
Total surface area of root system = 7.5 x 10° m?;
Root resistance = 1.33 x 10° MPa s m™.

2. Draw a labelled diagram showing assimilation of carbon dioxide in a C3 plant. Use chemical
structures for the substances involved in the reactions, except for enzymes. On the diagram
indicate the carboxylation, reduction and regeneration phases of the cycle.

3. (a) Explain the mechanism of each of the following processes:
(i) Absorption of light energy by chloroplast photosynthetic pigment molecule.
(ii) Energy transduction in the light-harvesting complexes until the reaction centers of
PSIorPSIL
(iii) Capture of light energy by chlorophyll P680 or P700.
(b) Draw the current version of the “Z-scheme” of electron transport for Oz-evolving
photosynthetic organisms.

4. (a) Draw the chemical structure of gibberellic acid 1 (GA1). ‘
(b) Discuss the physiological effects and action of gibberellins in each of the following:
(i) Stem growth.
(ii) Cereal seed germination.

TURN OVE:



SECTION B: Animal Physiology

5. (a) Draw a labelled diagram of the oxygen dissociation curves for adult haemoglobin, foetal
haemoglobin and myoglobin.
(b) Explain the significance of the O, dissociation curve for adult haemoglobin.
(c) Explain the significance of the differences in the shapes of the curves for adult
haemoglobin, foetal haemoglobin and myoglobin.

6. Discuss enzymatic protein digestion and absorption in the human alimentary canal.
7. (a) Draw a labelled diagram of a nephron.
(b) Discuss the counter current multiplier mechanism in urine formation in the mammalian

nephron.

8. Discuss the generation and propagation of an action potential in a myelinated neuron.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 2801: DIVERSITY OF PLANTS
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS, TWO QUESTIONS FROM EACH SECTION AND

THE FIFTH QUESTION FROM EITHER SECTION. USE SEPARATE ANSWER BOOKS FOR
EACH SECTION. ILLUSTRATE YOUR ANSWERS WHERE NECESSARY.

SECTION A
1. Describe chloroplast variability in Chlorophyta with reference to named examples.
2. Compare and contrast plant structure and reproduction in Ulothrix and Spirogyra.

3. (a) Describe special features of the Chaetophorales.
(b) Compare and contrast plant structure in Stigeoclonium, Draparnaldia and Draparnaldiopsis.

4. Describe plant structure and sexual reproduction in Qedogonium.
SECTION B

5. (a) Describe the general vegetative and reproductive structures of Isoetes.
(b) Describe the process from the vegetative stage to syngamy in Isoetes.

6. Describe the general structure and interaction of the male and female gametophytes in angiosperms.

7. (a) Contrast eusporangiate and leptosporangiate ferns.
(b) Compare and contrast the strobilus structure of the genera Equisetum and Selaginella.

8. Describe the diversity, distribution and significant features of the family Arecaceac.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 2812: DIVERSITY OF ANIMALS
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE

FIFTH QUESTION FROM EITHER SECTION. JLLUSTRATE YOUR ANSWER WHERE
NECESSARY. USE SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A: Invertebrates

1. Summarise each of the following:
(a) Modes of reproduction in ciliates.
(b) Theories of metazoan evolution.

2. (a) Describe the general body plan and cell types of members of the phylum porifera.
(b) Describe the mode of nutrition of members of the phylum porifera.

3. Discuss each of the following in the phylum annelida:
(a) Circulatory system.
(b) Reproduction.
(c) Osmoregulation and excretion.

4. (a) Describe features that distinguish members of the phylum echinodermata from all other

invertebrate phyla.
(b) Describe the distinguishing features of each of the classes under the sub-phylum uniramia.
SECTION B: Vertebrates

5. Summarise the characteristics of each of the following:
(a) Ungulates
(b) Pisces.
(c) Actnopterygii.
(d) Ichthyosauria.

6. Compare and contrast the respiratory systems in the super class pisces and class amphibia.
7. Justify placement of acorn worms of the sub-phylum hermichordata in the phylum chordata.

8. Describe the diversity of reproductive systems in the three sub classes of the class mammalia.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3421: MOLECULAR BIOLOGY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE

FIFTH FROM EITHER SECTION. USE SEPARATE ANSWER BOOKS FOR EACH
SECTION. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.

SECTION A

—_—

. (a) Discuss the process of transcription in prokaryotes, highlighting the structure of the
gene and the role of the promoter.
(b) Explain the Rho-dependant and Rho independent termination mechanisms of
transcription.

7 Discuss the four DNA repair mechanisms used by the cell to maintain the integrity of the
genetic material using named mutations.

3. Discuss the process of DNA replication in eukaryotes.

4. (a) In a Molecular Biology research, the following three 4 nucleotide primers were used to
amplify the DNA template using PCR. Show where each of the following 3 primers
would anneal on the denatured strands below and indicate the direction of DNA

synthesis.
Primer 1: 5 ~ GTTC -3’

Primer 2: 5° — GCCC -3’
Primer 3: 5’ - TATT -3’

5’ ACTTCGTTCGCCGGGGCTCGATCGATATTTGGAAT 3
3 TGAAGCAAGCGGCCCCGAGCTAGCTATAAACCTTA 5



(b) Determine the product of a PCR reaction using primers 2 and 3, and primer 1 and 3

from 1 (a)? Explain your answer.

(¢) The nucleotide primers like the ones shown in part (a) would not be the best choice for

PCR, why? Explain your answer.

(d) Design a new six residue primer that could be used in combination with the template

SECTION B

3’ — ACTGATCCAAGTCTAGGTATAGGCC ~- 5’

given below and the six primer (5’ — CTAGGT — 3°) to exponentially amplify a 20 base
pair product by polymerase chain reaction (PCR). Assume that the six residue primer

would provide enough binding affinity and specificity to be successfully used in PCR.

(a) Describe the structural features that all tRNA molecules have in common.
(b) Discuss the significance of modified bases within the tRNA molecules.

In table 1 below is the genetic code. Use it to address this question.

Table 1: Standard Genetic Code for mRNA codons.

First lefter

UAA STOP

UAG STOP ||

e o |

ccu cau ) cou) (b
cec| .. || cac[Hs || cee p
eca [ P cMal o || 224
v cac) O™ || ceel
ACU MU} = ‘mu} |
Aﬁ e || AAC Asn || agc [ Ser .
A AAA AGA Y

- eCu em}f |} seTy
GCC| . || GAC Asp || GoC

GCA m} Al sl

6CG cac) % || cos

Key:

Ala = Alanine (A)
Arg = Arginine {R)
Asn = Asparaging (N)
Asp = Aspartate (D)
Cys = Cysteine (C)
Gin = Glutamine (Q)
Glu = Glutamate (E)
Gly = Glycine (G)
His = Histidine (H)
lie = lsoleucine (1)
Ley = Leucing (L)
Lys = Lysine (K}

Met = Methionine (M)
Phe = Phenylalanine (F)
Pro = Proline (P)

Ser = Serine (8)

Thr = Theeonine (T)
Trp = Tryptophan (W)
Tyr = Tyrosine (V)
Val = Valine (V)




(a) The following are base sequences of 4 named organisms. Determine their respective
polypeptides and answer the questions that follow.

Human: CCATAGCACCTA Catt: CCATGTAAACGA
Chimpanzee: CCATAACACCTA PiggCCTAAAGGGACG

(i) Explain which two organisms are the most closely related.

(ii) An unknown organism is found in the forest, and below is its gene sequence.
Identify this kind of animal and explain your reasons.

Unknown: CCATGGAATCGA.

(b) Below are two partial sequences of DNA bases. Sequence 1 is from a human, and
sequence 2 is from a cow. In both humans and cows, the sequence contains the gene to
make the protein insulin.

Sequence 1: CCATAGCACGTTACAACGTGAAGGTAA
Sequence 2: CCGTAGCATGTTACAACGCGAAGGCAC

(i) Comparing the human gene to the cow gene, determine the number of codons and
amino acids in the sequence that are exactly the same.

(ii) Explain how two humans (or two cows) can have some differences in their DNA
sequences for insulin, yet still make the exact same insulin proteins.

(c) Suppose a person has a mutation in his or her DNA and the first triplet for the insulin
gene reads T A T and the normal gene reads T A G.
(i) Determine the amino acids that both the mutant DNA and the normal DNA code
for, and explain whether the person with this mutation will be diabetic or not.
(ii) Another mutation changes the insulin gene to read T C T (instead of the normal
T A G). Explain whether this person will be diabetic or not.

Compare and contrast the sequence organisation of composite and replicative transposons.

(a) Discuss the type of data that Barbara McClintock examined to determine that Ds in
corn was occasionally moving from one chromosomal location to another.

(b) Discuss the qualities of Drosophila melanogaster as a model organism in molecular
biology research.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATRUAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3501 MYCOLOGY
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

1. You are provided with specimens A and B. Specimen A is supplied with all the nutrients
required for maximum growth, whereas the medium for specimen B is deficient in nitrogen.
Examine the colonies using a magnification glass and answer the following:

(a) Compare and contrast the growth pattern and quality of mycelium in the two colonies.
(b) Explain the differences observed between the two specimens.

2. You are provided with a specimen labelled C and an ocular micrometre.
(a) Calibrate the ocular micrometre using the following information:
10 divisions on the stage micrometre = 1 mm
10 divisions on the ocular micrometre = 1 division on the stage micrometre
Imm = 1000 micrometres

(b) Determine the size of specimen C in p.
3. You are provided with specimen D, which is a 10 dilution of soil suspension. Prepare a 106
soil suspension from specimen D, using the materials and apparatus provided. Pour out

molten agar in the petri plate labelled E and inoculate it with 1 cm3 of the diluted soil
suspension.

Indicate your computer number on the bottom of your petri plate and seal it with tape.

Hand over the inoculated petri plate to the invigilator who will incubate it for you for
assessment of fungal colony growth.

4. Identify and name the parts labelled F to I provided.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATRUAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3501 MYCOLOGY
THEORY PAPER

TIME: THREE HOURS
INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE

FIFTH FROM EITHER SECTION. USE SEPARATE ANWER BOOKS FOR EACH
SECTION. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.

SECTION A
1. Discuss the complete digestion of cellulose, by soil-inhabiting filamentous fungi.
2. Describe the two models that explain growth in filamentous fungi.

3. (a) lllustrate graphically, the growth rate of a batch culture of yeast cells, using the results in
Table 1.

Table 1: Dry biomass of yeast cells harvested at intervals over a period of ten days.

Age in days 1 2 3 4 5 6 7 8 9 10

Loge biomass 2.5 2.7 3.0 3.8 4.6 5.3 54 5.5 55 |51

(b) Explain the significance of transforming the dry biomass of yeast cells into logarithmic
values, using the graph developed in 3 (a) above.

4. (a) Describe the septal types of hyphae in named groups of fungi.
(b) Explain the importance of septation in fungi.
SECTION B

5. Describe the polyphyletic nature of fungi, and Justify the system of classification that reflects
their phylogenetic relationships.

TURN OVER



6. (a) Describe the distinguishing features of the class Chytridiomycetes.
(b) Describe the characteristics and life cycle of Blastocladiella.

7. Discuss the genus Monoblepharis with particular reference to its habitat and methods of
reproduction.

8. Discuss evolution of the spore from sporangiospores in Zygomycetes to conidia in
Ascomyecetes.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3612: BIOCHEMISTRY AND PHYSIOLOGY OF PARASITES
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS

1. You are provided with specimens A to E.

(a) State the species name of each specimen.

(b) Identify which of the specimen is the intermediate host of Schistosoma haematobium.
(¢) Draw a labelled diagram to show the general body structure of a snail.

2. Suppose that you were presented with a school boy who was infected with urinary
schistosomiasis, describe an experiment that you would conduct in order to demonstrate the
effect of hypotonicity on the rate of the hatching of the eggs of the parasite.

3. You are provided with specimens F to I. For each specimen, state the following:
(a) Specimen name.

(b) Type of life-cycle.

(c) Name of its parasite.

(d) Name of disease caused by its parasite.

4. You are provided with specimens J to L. for each specimen, state the following:
(a) Specimen name.

(b) Type of life-cycle.

(c) Name of disease caused by it.

(e) Sex.

5. (a) Identify specimen M.
(b) State its function.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3712: ANIMAL PHYSIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWER WHERE
NECESSARY.

1. Discuss the hypothalamic regulation of food intake in mammals.
2. Compare and contrast respiration in fish and terrestrial insects.
3. Describe myogenic rhythmic cardiac contraction.

4. (a) Describe the osmoregulatory challenge and adaptation in marine reptiles.
(b) Discuss core temperature regulation in mammals.

5. Discuss the mode of action of non-steroid hormones involving cyclic Adenosine
Monophosphate (cAMP) as an example of a second messenger.

6. Discuss the fate of excess amino acids in mammalian protein metabolism.

7. Summarise each of the following:
(a) Excitatory postsynaptic potential.
(b) Inhibitory postsynaptic potential.
(c) Electrical synaptic transmission.
(d) Chemical synaptic transmission.

8. (a) Draw a labelled diagram of a sarcomere.
(b) Discuss the role of hormones in insect molting and development.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3822: FISH BIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ANSWER QUESTIONS ONE AND TWO
AND ANY OTHER THREE QUESTIONS. ILLUSTRATE YOUR ANSWER WHERE
NECESSARY

[§9]

|'S)

0.

. Summarise each of the following structures related to fish description and identification:

(a) Dorsal fins.
(b) Spots on anal fin.
(¢) Trunk.

. (a) Describe a method for determining fish growth using hard parts.

(b) Summarise advantages of the method described in 2(a) above compared to tagging
methods.

. Compare and contrast diagnostic characteristic of any two classes of the super class Pisces.

. (a) Describe the two main lineages of the family Cichlidae.

(b) Summarise characteristics of the lineage best suitable for recreational fisheries.

. Compare and contrast characteristics and morphological features the families Clariidae and

Bagridae.

Discuss the reproductive strategies in Tilapiines that ensure successful fertilisation and
survival of the oftspring.

. Describe the natural stages in the life cycle of fish.

. Compare and contrast reproductive patterns in classes Chondrichthyes and Osteichthyes.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 3841: EVOLUTIONARY BIOLOGY

THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO QUESTIONS FROM EACH
SECTION AND THE FIFTH QUESTION FROM EITHER SECTION. ILLUSTRATE

YOUR ANSWERS WHERE NECESSARY. USE SEPARATE ANSWER BOOKS FOR
EACH SECTION.

SECTION A

1. Explain how the Galdpagos Islands finches illustrate Charles Darwin’s four postulates of

biological evolution.

2. (a) State the major categories of evidence for biological evolution.

(b) Describe one example of a piece of evidence presented for each of the categories in

2(a).

3. Explain the phenomenon of ring species with the help of an empirical example.

4. Describe frequency dependent selection and explain its potential contribution to the

maintenance of polymorphisms in populations.

SECTION B

5. Variation in the beak depth of ground finches is controlled by three genes with two alleles
each; the dominant allele of each gene is responsible for one additional unit of beak depth
while the recessive allele adds zero unit of beak depth. Using A, B and C to represent the

three genes, answer the questions below.

(a) Ilustrate the trihybrid cross that would generate the typical population (F, generation)
of ground finches.

(b) Determine the frequencies of each possible beak-size class that would be expected in
the population of ground finches in 5(a).

(c) Plot the frequency distribution using data in 5(b).

(d) Briefly explain character displacement that was observed in a population of ground
finches by Grant and Grant (2008).

6. (a) Describe the various types of social behaviour
(b) Discus the costs and benefits of social behaviour.

TURN OVER



7 (a) Discuss human morphological evolution.

(b) Contrast human morphological evolution from evolution of human culture.

8. Study Figure 1 and answer the questions that follow.
Figure 1: Model of species evolution,

(a) Label A — C the figure 1.

(b) Name the type of species evolution represented by this model.

(c) Explain the sequence of events that are associated with this model.

(d) Explain the major drivers of such speciation.

(¢) Give an example of one species that evolved through such a mechanism.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4161: FRESHWATER ECOLOGY
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

I. Table 1 shows results of a limnological investigation conducted on a lake where
temperature measurements, dissolved oxygen concentrations and densities of the most
abundant phytoplankton species, (Melosira granulata) were determined in summer.

Study the table below and answer the questions that follow.

Table 1: Values of temperature (°C), dissolved oxygen concentrations (O, me I'') and Melosira

granulata density (cells per cm?) at different depths for the lake.

Depth(m) |0 ! 2 S5 |7 10 |12 15 120 |25 [30 {40 |50 |60 | 70 | 80 | 90
Temp ("C) | 255 [25 [25 |25 )25 [25 |25 |24 {20 16 | 15 (15 15 |15 15 |15 ] 15
O, mg I 4 45 |5 |6 |8 |8 12 114 | 8 7 |2 I 0 10 |0 {0 |0
Melosira 19 25 128 |30 |50 {60 |84 |98 {150 | 75 |30 [ 15 [ 15 15 |15 {15 |15
granulata

(cells m’)

(a) Construct an appropriate diagram useful in characterising the lake showing profiles of

temperature, dissolved oxygen concentrations and phytoplankton densities.

(b) Describe the dissolved oxygen depth-profile for the lake investigated.

(c) Assess the effect of the phytoplankton on the oxygen depth-profile.

TURN OVER



2. Figure 1 is a bathymetric map of a lake that was investigated. The total
surface area of the lake is 188 m? and areas corresponding to each depth are provided in Table
2. The volume of each stratum of the lake can be estimated using the formula given below.
V= "AA+ At (A1 x A"

Study figure 2 and answer questions the questions below.

Table 2. Areas of the lake corresponding to each depth

Depth (m) | 5 10 15 20 25 30 34 }
Area (m?) | 168 150 138 114 78 52 26 |

[t B R LT Eaar s
Perlomgos grwasgmiarascl 2T Gl el

Figure 1: Bathymetric map of a lake
(a) Approximate the total volume of the lake.

(b) Construct an appropriate hyposographic depth- area curve for the lake.
(¢) Construct an appropriate hyposographic depth — volume curve for the lake.

PROCEED TO THE NEXT PAGE



3. Figure 2 represents variation of inorganic carbon with changes in the pH and demonstrates
the buffering capacity of aquatic ecosystems. Study the figure and answer the questions below.

Region | Region 2

Acidified : Most
walaes s {fresh waters
H '
i . ‘ .
1.0 ~~ : .
~ N ;
AN ' . :
1 ~ . 40
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& L :
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a " : &
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B 0.6 [ B
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# AN EAY
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0.2 ! \
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R ~
~
. N
' ~a
T [N TOTFeTs YTy
4 5 6 7 8 iR 12
PH scale

Fig 2: Relationships between different carbon compounds and pH.

(a) Describe dominant carbon compounds found in regions 1 and 2 of tig 2 above.
(b) Explain how the carbonate buffering system is critical for aquatic organisms.
(¢) Hlustrate how the carbonate buffering system regulates the pH in aquatic ecosystems.

END OF THE EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4171: POPULATION ECOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS: QUESTIONS ONE AND TWO AND ANY
OTHER THREE QUESTIONS. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.

1. ' Using the Lotka-Volterra equations based on the logistic model,
(a) Describe the interaction of two species which are competing for food or space.
(b) Discuss the four outcomes of this interaction between these two competing species.
(¢) Describe the interaction by predation of the prey (sp1) and the predator (sp2).
(d) Discuss the functional and numerical responses of this relationship between prey (spl)

and the predator (sp2).

2. Fifty-two Sudan Plated Lizards ( Gerrhossaurus major) were reared in a city zoo and their
survivorship was recorded as given in Table 2. Study the table and answer the questions.

Table 2: Number of dead lizards in the city zoo for each age class.

Age class Dead lizards
(years)
0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9

N

S0l ol

(a) Construct a life table of this population.
(b) Assuming that m, for the species is known to be 0.5 for all age classes except for 0 to 1

age class, determine R, and r,, for the species population.
TURN OVER



Lamont Cole (1954) noted that natural history of species population could be summarised by

parameters I, and my
(a) Discuss parameters l, and my in population growth as applied to a single population

model.
(b) Describe methods used to derive these parameters.

. Discuss two of the following concepts as used in population ecology:
(a) Resource tracking.

(b) Ecological niche.

(¢) Survivorship curves.

. Compare and contrast the following concepts of life history of a species population:
(a) Limiting similarity and character displacement in competing species.

(b) k- Selection and r- Selection strategies.

. Summarise each of the following:
(a) King census methods.

(b) Ny =N, "

(c) Point Centered Quarter Method.
(d) Bitterlich method.

. Discuss limitations of each of the following:

(a) Determination of rry, of a free range animal species population.
(b) Transect method in estimating animal populations.

(¢) Quadrat method in counting plant species.

(a) Discuss the concept of carrying capacity and its limitations in population ecology.
(b) Describe aerial census method for estimating animal population,

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4230: INSECT ECOLOGY AND PEST MANAGEMENT
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO QUESTIONS FROM EACH SECTION
AND THE FIFTH QUESTION FROM EITHER SECTION. ILLUSTRATE YOUR ANSWERS
WHERE NECESSARY. USE SEPARATE ANSWER BOOKS FOR EACH SECTION.

SECTION A
1. Compare and contrast population density and dispersion.
2. Discuss the r/K selection theory in the study of insect ecology.

3. Summarise each of the following:
(a) Mortality.
(b) Exponential growth curve.
(c) Sample size.
(d) Field based sampling.

4. (a) Construct a life table of an insect you are familiar with.
(b) Discuss the significance of an insect life table.

SECTION B
5. Discuss the prospects and constraints of introducing Integrated Pest Management (IPM) in Zambia.

6. Summarise each of the following in relation to Integrated Pest Management (IPM).
(a) Economic threshold.
(b) Pesticide era.
(¢) Genetic control.
(d) Key pest.

7. At a price of K65 per 50 kg bag, the cost of producing a hectare of maize in Lusaka, Zambia, (Agro-
ecological Zone II) during the 2012/13 growing season was K 8,870 per hectare and the value of the
crop on the market was K 13,000 per hectare. The cost of controlling the African armyworm,
Spodoptera exempta (WIk.), including labour, was K225 per hectare.

(a) Suppose that farmers in Lusaka Province that year had an average infestation of 100,000
armyworm caterpillars per hectare causing a mean injury 20% to the maize crop,
calculate the Economic Injury Level (EIL) and Economic Threshold (ET) of the maize crop by
the armyworm for that season.

(b) State the advice you would have given the five farmers using the information in Table 1,

concerning the management of the armyworm in their maize fields that season.
Turn over



Table 1. Pest densities of armyworms in maize fields of Lusaka farmers during the
2012/13 growing season.

Farmer Number of armyworms per hectare
1 1622
2 13260
3 7829
4 2524
5 8680

(c) Explain the significance of knowing the EIL and ET of crops in insect pest management.

8. (a) Explain what the three "R"s of the pest management awareness are.
(b) Indicate how the three "R"s of the pest management awareness arise and how they are
resolved in managing insect pests in agro-ecosystems.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2012 ACADEMIC YEAR SECOND SEMESTER
FINAL EXAMINATIONS

BIO 4325: ECOLOGY AND EPIDEMIOLOGY OF PARASITIC DISEASES
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS.

L.

You are provided with specimen A, (a parasite), a stage micrometer, an ocular micrometer and a
microscope;

(a) Identify the specimen.

(b) Briefly, outline the steps taken in calibrating the eye piece.

(¢} Measure and state the size of the specimen A using x10 and x40 objectives.

You are provided with a prepared slide B.
(a) Identify the parasite to genus level.
(b) Determine the intensity of infection.

(a) Describe the KATO/KATZ procedure used to examine stool samples for parasitic infection.
(b) You are provided with two (2) slides C and D. Examine both slides, identify the disease caused by
each and give the species name of each specimen.

Suppose that you conducted a parasitological survey for Schistosoma haematobium at a rural school in
Zambia. Twenty five (25) pupils were examined from grade five class. However, on the first day of the
exercise, it was discovered that the filter membranes were forgotten after the specimens were collected.
The samples were therefore examined using a sedimentation method. Since you needed to quantify the
infections, you repeated the examination on the specimens the following day using the filtration method.
The samples were well stored in the fridge at 4°C assuming that no degeneration occurred. The results
from the two methods are given in Table 1.

Study table 1 and answer the following questions:

(a) Determine the prevalence of infection by the two methods used.

(b) Determine the intensity of infection on the basis that more than 50 eggs/10 ml of urine was
considered as heavy infection.

(c) Make 3 recommendations to the head teacher which would improve the situation within 6 months.

(d) Comment on the results of the two methods.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4341: INDUSTRIAL MICROBIOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE
FIFTH FROM EITHER SECTION. USE SEPARAE ANSWER BOOKS FOR EACH
SECTION. ILLUSTRATE YOUR ANSWER WHERE NECESSARY.

—

SECTION A

. (a). Discuss lacto-fermentation by four lactic acid bacteria involved in the process.

(b) Describe benefits of human consumption of lacto fermented food.

. Discuss microbial inoculants and their importance in plant growth improvement.

. Discuss the original method of citric acid production and explain why microbial production

has superseded the original method, citing appropriate examples of microorganisms.

. Discuss humulin and its industrial production.

SECTION B

. Describe fruit juice extraction and the role of microbial pectinases in the production process.

. Discuss the use of microbial enzymes in the preparation of detergents over other enzymes

from other sources.

. (2) Discuss the importance of mesophilic and thermophilic starter cultures of named microbes

in the production of cheese.
(b) Explain why microbial substitutes for animal rennet are 1mportant

. Describe the uses of microbial carbohydrates such as dextran and xanthan as molecular sieves

and additives to industrial products.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4452 TECHNIQUES IN RECOMBINANT DNA TECHNOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS; TWO FROM EACH SECTION AND THE
FIFTH FROM EITHER SECTION. QUESTION 1 IS COMPULSORY. ILLUSTRATE
YOUR ANSWER WHERE NECESSARY. USE SEPARATE ANSWER BOOKS FOR EACH
SECTION

1.

SECTION A

In the DNA sequence below, the underlined nucleotides are codons that are also restriction
endonuclease sites for blunt-end cutting enzymes (doubly underlined) and over-hang cutters
(singly underlined). Study the nucleotide sequence and answer the questions below.

TAT CCC GGG CAG GAA TTC GGC GAT ATC GGC CAACCTTTT

GGA TCC GTC CCT GGT AAA GGA TCC AGA TCT CCC GGT ACT

(a) Design three different strategies you would use to mutagenize the sequence based on the
underlined sites. Your strategy should clearly explain the steps, tools and alternative
approaches you would use.

(b) Suppose that the last underlined nucleotide sequence coded for two codons hypothesized
to be part of a catalytic site for a glucosidase (an enzyme known to catalyze the removal
of a sugar from a secondary metabolite), explain how you would test the involvement of
the amino acids coded for by the two codons (AGA and TCT) in glucosidase activity.

(c) State two advantages of in vitro mutagenesis over random mutagenesis.

If you knew that honey contains DNA from plant pollen, describe how you would use
amplified fragment length polymorphisms (AFLPs) and cleaved amplified polymorphisms
(CAPs) markers to distinguish honey brands from Kapirimposhi from that originating from
Mwinilunga Districts of Zambia.

(a) State six different parts of a general protein expression vector and describe the function of
each part.

(b) Describe four challenges in attempting to express a eukaryotic protein in a prokaryotic
cell system and suggest one strategy to address each respective challenge.

TURN OVER



Summarize each of the following:

(a) Protein tagging with three named examples of tags and their applications.

(b) Vector cassettes for gene knock-out experiments and the logic of such vectors.
(c) Split fluorescent reporter assays for protein interaction analysis.

SECTION B

. (a) Discuss the important features of pUC19 plasmid vector.
(b) Explain the disadvantages of using plasmid vectors in gene cloning.
() Describe the application of shuttle vectors in agriculture of tobacco.

6. Describe the process of generating a human pancreas cDNA library and its screening for the

for human insulin gene.

7. Study the results of a restriction enzyme digest of a DNA molecule in table 1 and answer the

questions that follow:

Table 1: Results of a restriction enzyme-digest of a DNA molecule.

Restriction Enzyme | Number of base pairs
BamH1 87.2
EcoR1 87.2

| HindlIll 87.2
EcoR1/Hindlll 79.6 7.6
EcoRl/BamH]1 72.2 15.0
BamH]1/Hindlll 64.6 22.6

(a) Draw a gel electrophoresis photograph of these results.
(b) Determine the structure of the DNA molecule and explain your reasoning.
(c) Draw the restriction enzyme map of the DNA molecule.

. (a) Describe in detail the process of cloning Dolly from Finnish Dorset (white face) and
Scottish Blackface ewes (both female sheep).

(b) Explain the phenotypic and genetic features of Dolly that qualify her to be a clone of the
Finnish Dorset and not the progeny of the unsuspected mating of the surrogate mother.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4632: MOLECULAR PARASITOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWER WHERE
NECESSARY

1. Discuss the unique mechanism of antigenic variation of A frican trypanosomes that enables the
parasite to evade its host immune defences.

2. Discuss the role of small nuclear ribonucleoprotein particles (SnRNPs) during splicing to
remove all introns from pre-mRNA in a parasitic protozoan.

w2

. Discuss the mechanism of trans-splicing that has been demonstrated in all pre-mRNA of
trypanosomes to synthesize Variant Surface Glycoprotein (VSG) m-RNA.

4. (a) Describe cDNA and explain how it can be synthesized from mRNA in a parasitic
helminth.
(b) Describe the composition of the Kinetoplast DNA in Trypanosoma brucei rhodesiense.

5. With the aid of a diagram, describe the stages of cloning a parasite DNA fragment into the
polycloning site of the vector pUCis.

6. Discuss the molecular approach to rational chemotherapy in the control of parasitic diseases.

7. Explain how differences in folate metabolism in humans and protozoa have led to the
development of anti-malaria drugs.

8. Discuss the role of guide RNAs (gRNAs) in mitochondrial gene expression to produce
Cytochrome oxidase (COII) mRNA of 7; rypanosoma brucei rhodesiense.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BIO 4632: MOLECULAR PARASITOLOGY
THEORY PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER FIVE QUESTIONS. ILLUSTRATE YOUR ANSWER WHERE
NECESSARY

1. Discuss the unique mechanism of antigenic variation of A frican trypanosomes that enables the
parasite to evade its host immune defences.

2. Discuss the role of small nuclear ribonucleoprotein particles (ShRNPs) during splicing to
remove all introns from pre-mRNA in a parasitic protozoan.

L

. Discuss the mechanism of trans-splicing that has been demonstrated in all pre-mRNA of
trypanosomes to synthesize Variant Surface Glycoprotein (VSG) m-RNA.

4. (a) Describe cDNA and explain how it can be synthesized from mRNA in a parasitic
helminth.
(b) Describe the composition of the Kinetoplast DNA in Trypanosoma brucei rhodesiense.

5. With the aid of a diagram, describe the stages of cloning a parasite DNA fragment into the
polycloning site of the vector pUCio.

6. Discuss the molecular approach to rational chemotherapy in the control of parasitic diseases.

7. Explain how differences in folate metabolism in humans and protozoa have led to the
development of anti-malaria drugs. :

8. Discuss the role of guide RNAs (gRNAs) in mitochondrial gene expression to produce
Cytochrome oxidase (COII) mRNA of 7; rypanosoma brucei rhodesiense.

END OF EXAMINATION



THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR
FINAL EXAMINATIONS

BS 4182: WILDLIFE AND RANGELAND MANAGEMENT
PRACTICAL PAPER

TIME: THREE HOURS

INSTRUCTIONS: ANSWER ALL QUESTIONS. USE ILLUSTRATIONS WHERE
NECESSARY.

1. Study specimens labeled A to E. For each specimen:
(a) State the scientific name.
(b) Describe the habitat in which the species is co-dominant

2. Examine specimens labeled F1 to F10. For each specimen:
(a) State the scientific name.
(b) Describe the habitat in which it is commonly found.
(c) State sex dimorphism of the species.

3. Study the map given in Figure 1 for the Lower Zambezi National Park and answer the

following questions:
(a) Describe the Munga ~Combretum thicket habitat.
(b) Describe the Mopane Woodland habitat in this national park.

TURN OVER



Fig. 1. Vegetdtion of Lower Zambezi
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END OF EXAMINATION




UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
FINAL EXAMINATIONS 2015/2016 ACADEMIC YEAR, SEPTEMBER 2016
C2615: BASIC PHYSICAL CHEMISTRY

Duration: Three (3) Hour

Instructions:

Answer any four (4) questions.

Answer each question in a separate answer booklet.
All questions carry equal marks.

You are reminded to answer questions in a clear and logical manner.

Useful Information and Constants:

R=8.314 Jmol K™, h=6.63 x 104 s, Molar volume of gas at STP = 22.4 dm’mol ™', STP =
273 K and 1 atm, Avogadro’s constant = 6.02 x 10* mol™, 1 cal =4.18 ]

Question 1

(@) A steel tank having a volume of 6.823 L contains 5.227 g of CHs and 9.840 g of NO at
38.5 °C.What is the total pressure exerted by this gas mixture? Note that the gas constant
R has a value of 0.08206 L atm K™' mol".
Atomic weights: H=1.008 g mol™ C=12.01 gmol”' N=14.01¢ mol™
0 =16.00 g mol™ [51
(b) Determine the pressure in atm exerted by 1 mole of methane placed into a bulb with a
volume of 244.6 mL at 25°C. Carry out two calculations: in the first calculation, assume
that methane behaves as an ideal gas; in the second calculation, assume that methane
behaves as a real gas and obeys the van der Waals equation.(a = 2.300 atm L2mol?,
b=L mol™) [71
(c) Ifit takes 48.17 minutes for CO, to effuse through a small hole in its container, how long
would it take for NH; to effuse under the same conditions of temperature and pressure
for the same number of moles of effused gas)? Atomic weights: H=1.008 g mol™
C =12.01 gmol ™!, N=14.01 gmol™' O=16.00 g mol™ i3]



Question 2

(a) Calculatetheworkdoneonaclosedsystemconsistingof50.00gofargon, assumed ideal, when
it expands isothermally and reversibly from a volume of 5.000L to a volume of 10.00Lat
a temperature of 298.15K. 3]
(b) The molar heat capacity of water vapor at a constant pressure of 1.000atm is represented
by
Cp.o= 30.54JK ™" mol™ +(0.01029JK % mol™)T

where T is the Kelvin temperature. Find the amount of heat required to raise the
temperature of 2.000mol of water vapor from 100.0°C to 500.0°C. [4]
(c) A pellet of naphthalene of mass 1.234 g is burned in a bomb calorimeter with
Cear = 14225 JK™!. If the initial temperature is 298.150 K and the final temperature is
301.634 K, find AU and AH for 1mol of reaction, with liquid water as one of the products.
Neglect the heat of combustion of the wire fuse. [4]
(d) Calculate the entropy change for the following process: A sample containing 2.000 mol of
helium gas originally at 298.15K and1.000bar is cooled to its normal boiling temperature
of 4.00K, condensed to a liquid, and then cooled further to 2.00K, where it undergoes
another phase transition to a second liquid form, called liquid helium II. This liquid phase
is suddenly vaporized by a beam of laser light, and the helium is brought to a temperature
0f298.15K and a pressure of 0.500 bar. [4]

Question 3

(a) The initial rate of reaction between ester A and aqueous sodium hydroxide was
measured in a series of experiments at a constant temperature. The data obtained
are shown below, '

Experiment | Initial concentration - . -
¢ [ Initial concentration | Initial rate
NaOH / dm™ -
; @ moidm of A/moldm"3 /moldm_3 S 1
1 0.040 0.030 4.0 x 1074
2 0.040 0.045 6.0 x 1074
3 0.060 0.045 9.0x 1074
4 0.120 0.060 to be calculated

Use the data in the table to deduce the order of reaction with respect to Aand the
order of reaction with respect to NaOH. Hence, calculate the initial rate of
reaction in Experiment 4. [4]



(b)

In a further experiment at a different temperature, the initial rate of reaction was
found to be 9.0 x 10 mol dms'when the initial concentration of A was 0.020
mol dm™and the initial concentration of NaOH was 2.00 mol dm™.

Under these new conditions with the much higher concentration of sodium
hydroxide, the reaction is first order with respect to A and appears to be zero
order with respect to sodium hydroxide.

(i)  Write a rate equation for the reaction under these new conditions. [2]
(ii) Calculate a value for the rate constant under these new conditions and state its
units. [3]
(iii) Suggest why the order of reaction with respect to sodium hydroxide appears
to be zero under these new conditions. (2]
(¢) The rate equation for the decomposition of a compound N has a rate constant with the unit
s, The rate constant is 4.31 x 10° s"at 700 K and 1.78 x 10* s”ata temperature,7. Use
this information to deduce the overall order of reaction and whether temperature T is
greater or smaller than 700 K. 4]
Question 4
(a) The mobility, 1°,0of K* ion is 7.6178 x10® m?V's'at 25°C. Calculate ionic molar
conductance, A’ , of K* ion. F = 96485 C mol. [3]
b) An aqueous solution of 0.0200 M of KClI has conductance, L, of 1.923 x 10°Q ' ina
conductance cell with a cell constant of 143.87 m™.
) Calculate specific conductance of the solution. [4]
(ii) Find molar conductance of KCI solution. (4]
(c) Kohlrausch’s square root law is

A=A, - ke

Molar conductance of aqueous KCI solution at different concentrations is given
below.

¢ (mol L) A, (@ 'm’mol™)
5.00x10™ 0.014781
1.00 x10~ 0.014695
5.00 x10° 0.014355
1.00 x 10 0.014127

Use linear regression to determine molar conductance at infinity dilution of KCI. [4]



Question 5

Consider the following cell at 25 °C
Cu(s)lCuCl2 (¢=0.0100mol L™){Cl, (p=120.0 kPa)IPt(s)
The standard reduction potentials are
CL(g) + 2= 2Cl (aq) E°=+1.358V
Cu**(aq)+2e = Cu(s) E°=+0.337V
The cell reaction is

Cu(s) + Cl,(g) & Cu”(aq) + 2ClI (aq)

(a) Calculate the mean activity coefficient, v, , of an aqueous CuCl; solution using the
Debye — Hiickell limiting law. A=0.509(Lmol™")"2. [4]
(b) Determine the standard cell potential, EZ,,. [51

(d) The Nernst equation for the above cell is
~005916, (ag )@y )

E_,=E:
cell cell 2 (aCl2 )
andp®= 100.0 kPa. Calculate the emf of the cell. [71

- END OF EXAMINATION -
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SECTION A ANSWER ALL QUESTIONS

Question Al
A sample contains 27.1 g of calcium oxide.

(a) Give the formula of calcium oxide.
(b) Calculate the number of moles of calcium oxide in the sample.

Question A2

(a) How many grams of carbon dioxide are there in a container with a volume of 450 L at
STP?

(b) How many oxygen atoms are thete in this amount of carbon dioxide?
Question A3
Consider the following redox reaction.
Bra(aq) + 2V (aq) + 2H0() — 2VO? (aq) + 4H'(aq) + 2Br(aq)
Giventhat  En= +1.39V and Eg, /pr— = +1.07V

(a) calculate E° for V3
(b) Is the reaction spontaneous?

Question A4

(a) Draw a fully labeled diagram that shows the transition of an electron in the hydrogen
atom fromn=4ton=2.
(b) Does the transition represent an emission or absorption?

Question AS
For the simple decomposition reaction
AB(g) — A(g) + B(g)

the rate law is rate = K{ABJ?, and the rate constant, k, s 0.200 M's'1. How long will it take for
[AB] to reach 1/3 of its initial concentration of 1.500 M?

QuestionA6

(a) E:plain why ethanol (C,H;sOH) dissolves in water.
(b) Name the two intermolecular forces involved when ethanol dissolves in water.



Question A7
For the reaction: NO,Cl(g) + NO(g) — NO,(g) + NOCl(g)

the pre-exponential factor, A, is 1.00 x10'" M5! and the activation energy of 40.00 kJ mol™.
The rate equation is first order in NO,Cl and first order in NO.

(a) Write the rate law for the reaction.
(b) Calculate the value of the rate constant, &, at 500.0 K and its units.
Question A8

Soft drinks fizz on opening. Calculate the concentration of CO, when a drink is bottled at
455.96 kPa. For CO, in water, Henry’s constant, kg, is 3.356 x10* M / kPa.

Question A9

A sample of 0.500 g of hemoglobin, a non-electrolyte, was dissolved in water in a volumetric
flask to give 1.00 L of solution. The osmotic pressure of this solution was then measured at 25°C
and found to be 1.776 x10>atm. Calculate molar mass of hemoglobin.

Question A10
(a) Provide a line-bond structure for 4-tert-butyl-7-methylnona-1,3-dien-8-yne.

(b) Give the TUPAC name for the following molecule:



SECTION B ANSWER QUESTION B1 AND ANY THREE QUESTIONS

-

Question B1

In the Lab you performed a chemical kinetics experiment on the effect of temperature on the rate
of reaction. In the experiment, the rate of reaction at different temperatures was given by

Rate, =3’3§3‘”— — K[H" (@@)}1S,507 (ag)};

(a) In the experiment, how was the reaction time, t. changing with the increase in

temperature? (31
(b)  What parameter in the rate equation was responsible for the increase in the rate of
reaction when temperature was increased? (2]

(c) Write an equation that relates the parameter identified in (b) with temperature, T and
define the terms in the equation. (51

(d) A plot of a graph of — In (t) versus 1/T gave a gradient of — 4.710 x10° K. Calculate
the activation energy of the reaction. (51

Question B2
Given the following galvanic cell at 25 °C and Keq for this reaction is 2.79 x 107,

Pi(s) | Cr** (0.3M), crt (2.0M) || Co™ (0.20M) | Co(s)

(a) Draw a fully labeled cell diagram for the above notation. [6]
(b) Write a balanced overall cell reaction. 31
(c) Calculate the cell potential € and (31
(d) AG for this reaction at the given temperature. 131



Question B3

(a) Hydrogen has a red emission line at 656.3 nm, what is the energy and frequency of a photon
of this light? ‘ (4]

(b) Refer to the periodic table arrange the following in order of increasing atomic radius:
Al C, Si. 13]

(c) Show using appropriate orbital energy diagram that the elements C and Si have similar
chemical Properties. Justify in one sentence. 3]

(d) Consider the molecule HyO:
(i) Draw the Lewis structure of the molecule and determine its geometry about the central

atom using the VSEPR model. 2]

(ii) Determine the hybrid orbitals on the oxygen atom using an appropriate hybridization

scheme to justify the geometry identified in d(i) above. 3]
Question B4

(a) Pure ethanoic acid ( CH;COOH, also known as glacial acetic acid) has a concentration
of 17.54 M. If 8.55 mL of pure acid are diluted to 770 mL, what is the ethanoic acid
concentration? . 31

(b) If 26 mL of this diluted ethanoic acid in (a) has pH of 2.74.
() ‘What is the hydrogen ion concentration in the solution? 2]
(i)  Calculate K, for ethanoic acid. {4}

(©) If 13.2 g CH3COONa are added to the 800 mL of solution in (b) what is resulting pH?
{6}






