
 1 

 

 

BIOLOGY 154 
 

MODULE OUTLINE 2017 
 
The course is based on the prescribed text (Biology: The Dynamic Science, 3rd edition, 
by Russell, Hertz, McMillan).  The numbers in brackets represent the relevant pages in 
the book.  Information from other sources will be specified accordingly. 
 
 

Plant Form and Function  
 

 

Lecture Layout 
 

Plant Physiology 
 

The goal of this section of the module, is to gain an overview of how plants 
function, by integrating plant form and physiology for the following themes: 
Plant anatomy and morphology; photosynthesis; water relations; transport 
in plants; plant mineral nutrition; responses to the environment. 
 
The lectures & practicals will cover the following themes : 
 
1. Plant Form 
Chapter 33 pages 748-773: The Plant Body 
 
2. Plant Energy Metabolism 
Chapter 8 pages 161-181: Cellular respiration 
Chapter 9 pages 182-204: Photosynthesis 
 
3. Water Relations & Transport 
Chapter 34 pages 774-792: Transport in plants 
 
4. Mineral Nutrition 
Chapter 35 pages 793-810: Plant nutrition 
 
5. Environmental Plant Physiology 
Chapter 37 pages 838-866: Plant responses to the environment 
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PLANT FORM AND FUNCTION:  STUDY OBJECTIVES 

 

Following your study of this module you should be able to: 

 

1. understand of how plant structure from the cell to the organ scale relates to 
whole plant function 

2. master the plant tissue systems, the shoot system, the root system, apical and 
lateral meristems, secondary growth 

3. understand of how plants capture and use light energy and CO2 during the light 
and dark phases of photosynthesis  

4. understand of how plants use photosynthetic products during respiration 
5. understand of how plants move water, sugar and other solutes throughout their 

bodies via xylem and phloem tissues 
6. understand the mineral requirements of plants and how plants obtain and absorb 

mineral nutrients from soils 
7. understand plant reactions to hormones and environmental changes such as 

seasons and day length. 
 

 

ANIMAL FORM AND FUNCTION:  MODULE OUTLINE 
 
 

Source material: Russel, Hertz & McMillan. 2014. Biology: The Dynamic Science. 

Brooks/Cole.3rd Edition; Lecture Notes; Additional Handouts. 

 

 

THEME 1: HOMEOSTASIS AND INFORMATION TRANSFER 

 

Lecture 1. ‘Homeostasis’ and ‘The Animal in its Environment’ 

i. Organ systems of importance (Fig. 38.7, p. 876; PRACTICAL 3) 

ii. What is homeostasis? (876-7) 

iii. Extracellular fluids (876-8) 

iv. Exchange with and responding to the environment (LECTURE NOTES; 

PRACTICAL 1) 

v. Feedback loops (878-80) 

vi. Negative neural feedback control: Temperature regulation (878-9; 1088-90) 

vii. Negative endocrine feedback control: Blood sugar levels (959-60) 

viii. Positive feedback control: Parturition (879-80; 1131-2) 

 

Lecture 2. The ’Control Systems’ and ‘Information Transfer’ 

i. Local and long distance signalling (LECTURE NOTES) 

ii. Slow and fast signalling (LECTURE NOTES) 

iii. Organisation of the Peripheral Nervous System [PNS] (906-7) 

iv. Organisation of the Central Nervous System [CNS] (907-8) 

v. The Reflex Arch (Figure 40.7 p. 910) 

vi. Information flow and hormones (943-4) 

vii. Hormones and how they are secreted (944-6) 

viii. Mechanisms of hormone action (946-9) 
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Lecture 3. The ‘Neuron’ and ‘Membrane potentials’ 

i. Information flow along neurons (883-4) 

ii. Structure of a neuron and neuron organisation (884-7) 

iii. Resting membrane potentials (888-889) 

iv. Graded/receptor membrane potentials (LECTURE NOTES) 

 

Lecture 4. How neurons work 

i. Action potentials (889-92) 

ii. Amplitude and frequency coded signals (LECTURE NOTES) 

iii. Nerve impulse propagation (892-4) 

 

Lecture 5. Neural communication 

i. Synaptic clefts and neurotransmitters (894-7) 

ii. Postsynaptic potentials (897-9) 

iii. Mechanisms of drug addiction (LECTURE NOTES; Table 39.1 p.898) 

 

 

THEME 2: SKELETAL MUSCLE CONTRACTION 

 

Lecture 6. Muscle structure and contraction 

i. Muscle tissue types (874) 

ii. Striated muscle structure (967-8) 

iii. Microfilaments (967-8) 

iv. Neuromuscular junctions (968; LECTURE NOTES) 

v. Sliding filament theory and cross bridge cycling (968-9; Figure 43.5 p. 970) 

 

Lecture 7. Control of muscle contraction 

i. ATP performs work (78; see Figure 43.5 p.970; LECTURE NOTES) 

ii.’Twitch to Tetanus’ (969-70) 

iii. Regulation of skeletal muscle contraction (motor units) (971-2; LECTURE NOTES) 

iv. Myoglobin structure and oxygenation (LECTURE NOTES) 

v. Fibre types and muscle metabolism (971-2; Table 43.1 p. 971; LECTURE NOTES) 

vi. Mechanics of muscle contraction (976-7; SELF STUDY) 

 

 

THEME 3: TRANSPORT OF GASES 

 

Lecture 8. Respiratory organs and gas exchange 

i. Overview - Circulatory Systems (982-4) 

ii. Relationship between cellular and physiological respiration (1025) 

iii. Gas exchange and gas laws (1025-6; LECTURE NOTES) 

iv. Ventilation and perfusion (1026) 

v. Respiratory surfaces; water and air as respiratory media (1026-7) 

vi. Adaptations for respiration: invertebrates and lower vertebrates (1027-29) 

 

Lecture 9. The Vertebrate Lung 

i. Lung structure and ventilation mechanisms (1029-30) 

ii. Structure and ventilation of the Alveolar Lung (1030-2) 

iii. Surface tension in the Alveolar Lung (LECTURE NOTES) 

iv. Homeostasis: control of respiration (1032-33) 
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Lecture 10. Oxygen and Carbon Dioxide transport 

i. Oxygen transport and cooperativity (1034-5) 

ii. Oxygen dissociation curves (1035) 

a) the Bohr effect 

b) the effect of temperature, altitude, pregnancy, etc. (LECTURE NOTES) 

iii. Carbon dioxide transport (1035-6) 

iv. Diving mammals (1038-9; SELF STUDY) 

 

Lecture 11. Living at high altitudes 

i. What happens to the partial pressure of oxygen at high altitudes? (1037-8; Additional 

Handouts) 

ii. Acclimatisation and adaptation to high altitudes (Additional Handouts) 

iii. Oxygen dissociation curves: 

a) During acclimatisation (Additional Handouts) 

b) Having evolved at high altitudes (1038; Additional Handouts) 

iv. Defying Everest! (Additional Handouts) 

 

 

THEME 4: WATER AND SALT BALANCE 

 

Lecture 12. Osmoregulation 

i. Passive water tranfer and osmosis (1070) 

ii. Osmoconformers and osmoregulators (1070; PRACTICAL 2) 

iv. Tubular secretion and excretory processes (1071) 

v. Nitrogenous waste can either be ammonia, urea or uric acid (1071-2) 

vi. Organs of osmoregulation in invertebrates (1072-4) 

 

Lectures 13-14. The mammalian kidney and renal regulation 

i. Mammalian kidney function (1074-7) 

ii. Homeostasis: Renal regulation via ADH and RAAS pathways (1080-4) 

iii. Vertebrate kidney adaptations to diverse environments (1084-5) 

 

Lecture 15. Life without water 
i. Additional water conserving adaptations in mammals (1079-80) 

ii. Model animals: 

-The kangaroo rat: Integrated specialisations for desert life (1079-80) 

-How the camel and Oryx survive water shortages via osmoregulatory, 

 thermoregulatory and behavioural means (Additional Handouts) 

 

 

ANIMAL FORM AND FUNCTION: STUDY OBJECTIVES 

 

Following your study of this module you should be able to: 

1. Understand the role of homeostasis in biological systems. 

2. Compare positive and negative homeostatic feedback loops. 

3. Understanding how organsisms respond to their environments 

4. Know what a hormone is and how it acts on cells 

5. Describe the structure of a neuron and neuron organisation. 

6. Understand membrane properties of neurons. 
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7. Describe how an action potential is generated and how the nervous system conveys 

information. 

8. Distinguish between amplitude and frequency coded signals. 

9. Explain how an impulse travels from one neuron to another. 

10. Explain why one becomes addicted to drugs. 

11. Understand the theory of “sliding filaments” and cross bridge cycling. 

12. Describe the control of muscle contraction. 

13. Understand energy metabolism during muscle contraction. 

14. Compare isometric and isotonic contractions. 

15. Compare how different respiratory organs function. 

16. Understand the gas laws and the partial pressure of gases. 

17. Describe how gaseous exchange takes place in the lungs and capillaries. 

18. Compare the transport of oxygen and carbon dioxide. 

19. Explain the role of haemoglobin in gas transport. 

20. Interpret oxygen dissociation curves (of both myoglobin and haemoglobin). 

21. Discuss the control of respiration. 

22. Describe acclimatisation to high altitudes and how this differs to having evolved at high 

altitudes. 

23. Understand the adaptations of diving mammals. 

24. Explain why some birds can migrate across the Himalayas. 

25. Understand what is meant by osmotic balance. 

26 Compare osmoconformers and osmoregulators. 

27. Give a comparative description of the various organs of osmoregulation. 

28. Explain why nitrogenous waste is produced in various forms. 

29. Discuss the mammalian kidney and it’s functioning. 

30. Explain renal regulation in maintaining a constant internal environment. 

31. Discuss and understand the physiological, anatomical and behavioural adaptations to living 

in extreme habitats. 

32. Conduct simple experiments, interpret and present the results. 

33. Dissect and identify the structures within a vertebrate, the frog. 

 

 

 

BIOTECHNOLOGY MODULE: 2017 

 

BACKGROUND 

Subjects in the 1st year biology courses should be (1) relevant to the course, the program structure 

and national/international priorities/trends and (2) offer students the opportunity to make a well 

informed choice in terms of the direction/program in which they would like to specialize. 

The relevance of biotechnology is obvious in all three areas as identified above. Although some 

of the basic aspects of biotechnology are addressed in BIOL 124 (Introductory cell biology) this 

is the only 1st year module were students are exposed to biotechnology by name and where aspects 

specific to biotechnology are touched on. 
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GENERAL 

o 9 lectures / 2 practicals 

o The module is presented under the banner of the School of Biology – not a single department 

o Principles 

 Broad objectives include a better insight into and exposure to biotechnology. 

  “Theme” and not “discipline” based. 

 Ensure exposure to a single lecturer, but with inputs from and reference to other role 

players on campus, to ensure continuity. 

 

MODULE OUTLINE  

 

I. Lectures 

 

1. Background 

What is biotechnology?  History, relevance / role in our world (modern agriculture, medicine 

etc.), different generations (including different rainbow colours which correlates to industries) 

of biotechnology and the current status of biotechnology. 

 

2. Recombinant DNA technology, transformation and GMO’s 

Gene structure and –expression, recombinant DNA technology. 

 

3. Microbial biotechnology 1 

Fermentors / bioreactors, fermentation theory,   

 

4.   Microbial biotechnology 2 

      Mutations and strain selection, uses of transgenic microbes 

 

5. Plant Biotechnology 1 

1st generation biotechnology, “traditional” use of biological systems and compounds, focus on 

plant secondary metabolites e.g. alkaloids. 

 

6. Plant biotechnology 2 

Plant tissue culture and transformation. 

 

7. Animal Biotechnology 1 

Drug discovery & development. How modern pharmaceutical and agro-chemical compounds 

are discovered and developed, pharming. 
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8. Animal Biotechnology 2 

Cloning and animal transformation.. 

 

9.   Genomics (proteomics, metabolomics) 

What is genomics? Massive DNA sequencing, DNA “chips” and microarrays, Model systems, 

Proteomics and “Post-genomics” and modelling. 

 

 

II. Practical/tutorial 

1. Glucose detection system (wet) 

 

2. To be confirmed 

 

 

COURSE OBJECTIVES  

After completing this module you should … 

1. Understand what biotechnology is, better understand the role that it plays in our society and 

appreciate its potential. 

2. Distinguish between 1st, 2nd en 3rd generation biotechnology and be aware of the present status 

of biotechnology. 

3. Realize how many products are obtained from plants/animals/microorganisms and how they 

can be improved. 

4. Know how cell- and tissue cultures are established and what they are capable of. 

5. Understand how DNA/genes can be manipulated. 

6. Understand what is necessary to genetically manipulate organisms and know how it is done. 

7. Hopefully realise how EXCITING it is to PRACTICE biology! 

 

ASSESSMENT 

Because these are the last 9 lectures of the semester, the biotechnology module will represent 60 

marks (from a possible ~150) in the exam and will consist of 30 multiple-choice questions (30 

marks) and “other” questions for the remaining 30 points. These questions will include short 

discussion questions (~5 points each) and also general “name the ...” (1 point per fact) questions. 

 

 

*********************************************************** 


