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PREAMBLE 
 
The syllabus aims to integrate knowledge in Biology and Chemistry through the study of Proteomics. This 
topic requires a firm grounding in H2 Biology and Chemistry, particularly the new H2 Biology which is more 
focused towards Molecular Biology and the study of the genome. 
 
Integrated Science has been around for some time, integrated in various ways and taught at various levels in 
different syllabuses around the world. This H3 syllabus is integrated at the highest level of the school 
curriculum, focusing on a topic which requires a fundamental knowledge of both Biology and Chemistry. This 
approach encourages learning at a higher and deeper level, expected of an H3 subject. Such an approach is 
made possible by the fact that the targeted candidates generally have a sound understanding of the 
sciences at H2 level. The approach takes into consideration that real-world problems are not solved through 
the application of knowledge in one subject area only but rather through a multi-disciplinary approach. Case 
studies, self-directed and independent learning are expected of the candidates to a large extent, as they 
would be in the real world. 
 
Proteomics is ideal as such an integrated H3 subject, being an important emerging topic which is to a certain 
extent established in spite of its relative infancy. The topic will also be good groundwork for candidates who 
wish to go on to study in related fields at the undergraduate level, for which the possibility of earning credits 
is not unlikely. 
 
 
 

AIMS 
 
The aims spelt out in H2 Biology and Chemistry would serve as the starting point to guide the teaching and 
learning of H3 Proteomics. 
 
It must be emphasised that in the teaching and learning of an integrated topic such as Proteomics at the H3 
level, an adequate coverage must be given to basic chemistry in what appears to be a biology topic and  
vice-versa. This should prevent skewing the topic unnecessarily and ensure that the topics are covered in a 
balanced manner. 
 
The learning objectives of the syllabus are to: 
 
1. understand that an explanation of biological processes requires inter-disciplinary knowledge 
 
2. understand the importance of research in revealing how biological processes work at the cellular and 

molecular levels 
 
3. be enthused to engage in research 
 
4. understand the structure of proteins in the cell 
 
5. understand the location of the proteins in the cell 
 
6. understand the functions of protein molecules at the molecular level 
 
7. understand the contribution of proteins to the cellular circuits 
 
8. apply the chemistry underpinning the biological processes 
 
9. apply the chemistry underpinning the techniques used in proteomics 
 
10. understand and rationalise bioethical issues. 
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SYLLABUS STRUCTURE AND DELIVERY 
 
An H3 syllabus is based on a total of 140–190 hours of curriculum time. The time is inclusive of the 
independent and self-directed learning to be done by the candidate. 
 
Proteomics is a varied and multi-disciplinary topic and thus candidates should be exposed to the broad range 
of associated sub-topics. Hence, it is suggested that learning be through: 

• lectures, possibly including guest lecturers from industries, research institutes and universities 

• simple laboratory exercises 

• literature reviews 

• case studies 

• self-directed learning 

• individual presentations 

• group discussions 

• project work. 
 
The content to be covered is expected to be at a higher level and at greater depth than an H2 subject. 
 
 
 

ASSESSMENT OBJECTIVES 
 
These describe the knowledge, skills and abilities which candidates are expected to demonstrate at the end 
of the course. They reflect those aspects of the aims which will be assessed. It must be noted that where 
knowledge being tested overlaps with H2, the answers provided by the candidates will be expected to be at 
a higher level than for H2. 
 
A Knowledge with understanding 
 
Students should be able to demonstrate knowledge and understanding in relation to: 
 
1. biological and chemical phenomena, facts, laws, definitions, concepts, theories 
 
2. biological and chemical vocabulary, terminology, conventions (including symbols, quantities and units) 
 
3. scientific instruments and apparatus used in biology and chemistry, including techniques of operation 

and aspects of safety 
 
4. scientific quantities and their determination 
 
5. scientific and technological applications with their social, economic and environmental implications. 
 
The syllabus content, examples and elaborations define the factual materials that candidates need to recall 
and explain. Examiners will assume that candidates have studied these and questions may refer to content, 
examples and elaborations. Questions testing the objectives above will often begin with one of the following 
words: define, state, name, describe, explain or outline. (See the Glossary of Terms.) 
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B Handling information and solving problems 
 
Students should be able – using oral, written, symbolic, graphical and numerical material – to: 
 
1. locate, select, organise and present information from a variety of sources in a scientifically coherent form 
 
2. translate information from one form to another 
 
3. manipulate numerical and other data 
 
4. analyse and evaluate information so as to identify patterns, report trends, draw inferences and report 

conclusions 
 
5. present reasoned explanations for phenomena, patterns and relationships 
 
6. make predictions and propose hypotheses 
 
7. organise and apply knowledge, including principles and concepts, to novel situations 
 
8. solve problems. 
 
The assessment objectives above cannot be precisely specified in the syllabus content because questions 
testing such skills are often based on information which is unfamiliar to the candidate. In answering such 
questions, candidates are required to use principles and concepts that are within the syllabus and apply them 
in a logical, deductive manner. Questions testing these objectives may begin with one of the following words: 
discuss, predict, suggest, calculate or determine. (See the Glossary of Terms.) 
 
 
 
SCHEME OF ASSESSMENT 
 
Paper 1 (100 marks) (2 hours and 30 minutes) 
 
There will be a 2 h 30 min paper (100 marks), comprising three sections as follows: 
 
Section A (50 marks) will consist of a variable number of compulsory structured questions, including data-
based or comprehension-type questions. 
 
Section B (30 marks) will consist of four structured/free-response questions of 10 marks each, from which 
candidates will answer three. These questions will allow candidates to demonstrate knowledge gained 
through independent study. 
 
Section C (20 marks) will consist of a compulsory free-response question. 
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MARKS ALLOCATED TO ASSESSMENT OBJECTIVES 
 
This is given in the following Assessment Grid. 
 

Assessment Objective Weighting (%) 

A Knowledge with understanding 40 

B Handling information and solving problems 60 

 
Fifteen percent of the total marks will be awarded for awareness of the social, economic, environmental and 
technological implications and applications of Proteomics. These will be awarded within the ‘Knowledge with 
understanding’ and the ‘Handling information and solving problems’ categories. 
 
 
 

STRUCTURE OF THE SYLLABUS 
 
The Core Knowledge section of the syllabus refers to topics and concepts that are relevant to the learning 
of Proteomics and to a large extent have been covered in the prerequisite subjects of H2 Biology and 
Chemistry. Familiarity with these topics and concepts will facilitate the learning of Proteomics.  
 
The Main Content section outlines the areas to be covered for the understanding and applications of 
Proteomics. 
 
 
 

CORE KNOWLEDGE 
 
1. Cell Biology – details of organelles, particularly those involved with protein synthesis, with protein 

components, biomolecules (with protein components) interacting at the molecular and cellular levels as 
in cell signalling, signal transduction, neurotransmitters and interaction, membrane channel opening and 
closing, and membrane physiology. 

 
2. Chemical Equilibria, including linked equilibria. 
 
3. Chemical Kinetics 
 
4. Chemistry of Ligand Interactions as in: 

• different levels of protein structure 

• folding and unfolding 

• active sites and effects of pH, temperature, substrate concentrations, inhibitors and activators 

• forces that bring molecules together 

• transcription factors, including gene regulatory proteins. 
 
For Topics 1 to 4 the content covered in H2 Biology and H1/H2 Chemistry is sufficient. Every opportunity 
should be taken when teaching from the ‘main content’, to remind students of the relevant material from H2 
Biology and Chemistry. 
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5. Basic Protein Chemistry – Structure and Function 
 
Content 

• Protein chemistry 

• Protein structure – 3-D conformation of a protein molecule 

• Protein function in terms of biological processes, molecular function and cellular components,  
e.g. structural, storage, transport, hormonal, receptor, contractile, defensive, enzymatic 

 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) explain the presence of 20 different amino acids as basic structural units of proteins 

(b) define an α-amino acid and its form in solution (detailed structure of all individual amino acids is not 
required) 

(c) explain how amino acids are linked by peptide bonds 

(d) explain why peptide bonds are rigid and planar 

(e) discuss that proteins have unique amino acid sequences that are specified by genes 

(f) describe how the amino acid sequence specifies the 3-D structure which determines the function of a 
protein (e.g. haemoglobin, lysozyme) 

(g) discuss how analysis and comparison of amino acid sequences can be used in: 

(i) predicting the function of a novel protein by comparing amino acid sequences and structures of a 
novel protein against known proteins in a database 

(ii) understanding evolutionary relationships between organisms by comparing the amino acid 
sequences of conserved protein and identifying the degree of homology 

(iii) predicting the fate of a protein in protein trafficking and targeting by identifying signal peptides or 
amino acid residues 

(iv) understanding how variation in amino acid sequences in the active/binding site in some proteins 
enable its interactions with specific ligands e.g. antibodies, enzymes 

 
(h) explain the four levels of structure and protein architecture, and describe the protein helix in globular 

proteins and extra-cellular protein (keratin, collagen and elastin) 

(i) discuss the importance of hydrogen bonds in proteins 

(j) explain why myoglobin is a water-soluble protein molecule 

(k) discuss the benefits and limitations of studying protein sequences compared with the study of DNA 
sequences 
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(l) discuss and provide an overview of the importance of the crucial roles of proteins in virtually all 
biological processes in: 

(i) enzymatic catalysis (limited to digestion, DNA replication, transcription, translation) 

(ii) transport and storage (limited to haemoglobin, transferrin) 

(iii) coordination of motion (limited to muscle contraction) 

(iv) mechanical support (limited to collagen) 

(v) immune protection (limited to antibodies) 

(vi) generation and transmission of nerve impulses (limited to receptors, sodium-potassium pumps, 
ligand gated channels) 

(vii) control of growth and differentiation (limited to hormones, receptors for signal transcription, 
transcription factors, repressors). 

 
 
 

MAIN CONTENT 
 
6. Analytical Techniques 
 
Content 

• Protein sample preparation 

• Separation of macromolecules and organelles in cells by ultra-centrifugation 

• Analysis techniques both in situ and in isolation such as spectroscopy, chromatography and 
electrophoresis 

• Separation techniques – 2-D gel and polyacrylamide gel electrophoresis (PAGE) 

• Protein identification – mass determination and Edman degradation 

• Determination of 3-D structures by x-ray crystallography and NMR 

• Data handling with bioinformatics tools for storing, archiving and retrieving 
 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) discuss: 

(i) large scale mutant screening using multipurpose minitransposon (mTn) technology and how 
analysing the effect of gene knockout can be used to characterise cellular roles of proteins 
(principle of the mTn technology and the downstream analytical approach in terms of screening  
of mutants and analysis of disrupted gene sequences using bioinformatics is required) 

(ii) how RNA interference (RNAi) technology and analysis of the effect of suppressing the expression 
of a protein of interest can be used to characterise the cellular role of protein (principles of RNAi 
are required) 

 
(b) explain: 

(i) the principles of the methods used to screen the proteome for protein-protein interactions and 
protein-ligand interactions (e.g. co-immunoprecipitation, affinity chromatography and yeast two-
hybrid) 

(ii) the principles of the methods used to determine protein abundance (e.g. UV absorbance 
spectroscopy, biuret reaction, SDS-PAGE, Enzyme Linked Immunosorbent Assay [ELISA]) 
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(c) discuss techniques to isolate proteins and protein complexes: 

(i) collection of samples of highly purified protein fractions through cell lysis and fractionation for tissue 
or culture sample, protein isolation via precipitation, total protein concentration measurement 

(ii) usefulness of ultra-centrifugation for separating biomolecules and determining molecular weights 

(iii) purification of protein based on size, solubility, charge and binding affinity as an essential step in 
elucidating structure and function (e.g. ion exchange, size exclusion and affinity chromatography, 
SDS-PAGE, 2-D gel, co-immunoprecipitation) 

 
(d) discuss techniques to analyse and/or detect the presence of target proteins: 

(i) detection and quantification of proteins by highly specific antibodies 

(ii) principles and use of ELISA and Western blot, fluorescent microscopy and immune-electron 
microscopy in identifying proteins 

(iii) techniques for analysing proteins in situ (e.g. immunofluorescence, epitope tagging) 

(iv) use of expression cloning to characterise cellular roles for proteins (e.g. include epitope tagging 
and screening for changes in phenotype) 

 
(e) Discuss techniques of characterising proteins, protein complexes and protein fragments by size and 

sequence: 

(i) amino acid sequence determination by automated Edman degradation and its limitation (not for 
more than 50 amino acid residues) 

(ii) tandem affinity purification techniques to identify protein components in complexes after trypsin 
digestion 

(iii) formation and use of a protein fingerprint (and why it is not the method of choice to sequence a 
protein molecule) 

(iv) introduction of recombinant DNA technology and the way it has revolutionised protein sequencing 

(v) the principles of electrophoresis (by size, charge, hydrophobicity) 

(vi) 1-D and 2-D gel electrophoresis protein concentration (purification) techniques, e.g. isoelectric  
(1st dimension based on pH) focusing kits and molecular weights (2nd dimension based on size); 
explain why this is the method of choice for the fractionation and characterisation of complex 
mixtures of proteins and polypeptides 

(vii) column chromatography as another technique for isolating protein complexes  

(viii) issues and limitations (e.g. sensitivity) of gel electrophoresis techniques and mass spectrometric 
protein identification as the leading methodology in protein analysis 

(ix) principles of mass spectrometry and appreciation of its application to structure determination of 
proteins 

(x) how relative molecular mass is determined by mass spectroscopy 

(xi) methods used to characterise the components of isolated protein complexes and identify peptides 

(xii) principle of x-ray crystallography and NMR and appreciation of their application to structure 
determination of proteins 

 
(f) discuss the application of bioinformatics tools in determining protein identity or function through the use of: 

(i) BLAST or FASTA, to perform nucleotide and protein sequence homology searches, using 
sequence alignment against a known protein database, to identify close relatives and to provide 
clues about protein function based on sequence similarities 

(ii) Prosite, to predict protein properties based on comparison of primary structure against a database, 
to screen for patterns for a protein family and structural property (e.g. motif, domain or functional 
sites), which allows the prediction of protein function. 
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7. Protein Structure and Function 
 
Content 

• Structural and functional proteomics 

• A complex network of protein interactions underlies cell function 

• Understanding of interactions and effects of internal (intracellular) milieu on the activity of the protein 
and its various complexes and interactions 

 
Learning outcomes 
 
Candidates should be able to: 
 
(a) describe: 

(i) a protein domain as a 3-dimensional structure within a protein that can evolve, function and exist 
independently of the rest of the protein chain, e.g. IgG, leucine zipper, zinc finger DNA binding 
domain 

(ii) protein modules as parts of proteins that are mobile genetic elements that are widely used in 
functionally diverse proteins and can evolve and exist independently of the rest of the protein 

 
(b) describe protein binding sites and protein subunits in producing large protein molecules (e.g. troponin, 

haemoglobin, immunoglobulin, prokaryotic RNA polymerase) 

(c) explain: 

(i) how protein modification and cleavage confer new capabilities (e.g. caspases, fibrinogen, 
prothrombin, histones) 

(ii) how terminal acetylation of proteins may make them resistant to degradation (e.g. mammalian 
cytochrome c) 

 
(d) discuss why proteins as a class of macromolecule are unique in being able to recognise and interact 

with highly diverse molecules due to the highly complementary nature of their surfaces and clefts (e.g. 
enzyme structure and enzyme-substrate complex lowers the activation energy, antigen binding site of 
antibody and its interaction with antigens, ligand-receptor interaction in signal transduction pathways) 

(e) discuss: 

(i) the mechanism of enzyme action using familiar 3-D structures in atomic detail using lysozyme as 
an example 

(ii) multi-enzyme complexes and their roles in cell metabolism (e.g. electron transport chain, pyruvate 
dehydrogenase) 

(iii) protein function upon binding to other molecules (e.g. G-protein coupled receptor binding to ligand 
and its subsequent activation of G-protein, histone binding to DNA, calcium activation of troponin, 
haemoglobin binding of oxygen) 

 
(f) explain the details of a protein’s conformation effected by side-chain chemical groups using the two 

examples of restricting water access (hydrophobic interactions) and clustering of neighbouring polar 
amino acids (hydrophilic interactions) 

(g) describe protein-protein binding, i.e. surface-string, helix-helix, surface-surface 

(h) explain how small molecules and ions, including enzyme cofactors and co-enzymes, can modify 
functions of proteins 

(i) discuss allosteric changes in protein conformation produced by ligand binding (e.g. in metabolic 
pathways) 

(j) explain that structural and functional changes in proteins may be driven by phosphorylation (e.g. protein 
tyrosine kinase [PTK], protein kinase A [PKA]) 
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(k) discuss how 3-D structure affects function (e.g. aquaporin, haemagglutinin, HIV reverse transcriptase) 

(l) discuss: 

(i) high-throughput recombinant DNA cloning methods used to systematically clone all of the open 
reading frames of an organism into plasmid vectors for large scale protein expression and 
functional studies 

(ii) the use of the yeast two-hybrid system to study protein-protein interactions 
 

(m) discuss how fusion proteins, including epitope tagging and green fluorescent protein (GFP), can be 
used to analyse protein function and to track proteins in living cells. 

 
 
 

TEXTBOOKS AND REFERENCES 
 
Teachers may find reference to the following books helpful. 
 
1. Alberts, B et al (2008) Molecular Biology of the Cell (Fifth Edition) (Garland Science) ISBN 0815341067 
 
2. Campbell, A M and Heyer, L J (2006) Discovering Genomics, Proteomics and Bioinformatics (Second 

Edition) (Benjamin Cummings) ISBN 0805382194 
 
3. Jolles, P and Jornvall, H (Eds) (2000) Proteomics in Functional Genomics: Protein Structure Analysis 

(Birkhauser) ISBN 3764358853 
 
4. Liebler, D C (2007) Introduction to Proteomics: Tools for the New Biology (Second Edition) (Humana 

Press) ISBN 1588297780 
 
5. Palzkill, T (2001) Proteomics (Springer) ISBN 0792375653 
 
6. Twyman, R M (2013) Principles of Proteomics (Second Edition) (Garland Science) ISBN 0815344724 
 
7. Westermeier, R and Naven, T (2002) Proteomics in Practice: A Laboratory Manual of Proteome 

Analysis (Wiley-VCH Verlag) ISBN 3527303545 
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GLOSSARY OF TERMS USED IN SCIENCE PAPERS 
 
It is hoped that the glossary (which is relevant only to science subjects) will prove helpful to candidates as a 
guide, i.e. it is neither exhaustive nor definitive. The glossary has been deliberately kept brief not only with 
respect to the number of terms included but also to the descriptions of their meanings. Candidates should 
appreciate that the meaning of a term must depend in part on its context. 
 
1. Define (the term(s)...) is intended literally. Only a formal statement or equivalent paraphrase is required. 
 
2. What do you understand by/What is meant by (the term(s)...) normally implies that a definition should be 

given, together with some relevant comment on the significance or context of the term(s) concerned, 
especially where two or more terms are included in the question. The amount of supplementary 
comment intended should be interpreted in the light of the indicated mark value. 

 
3. State implies a concise answer with little or no supporting argument, e.g. a numerical answer that can 

be obtained ‘by inspection’. 
 
4. List requires a number of points, generally each of one word, with no elaboration. Where a given 

number of points is specified, this should not be exceeded. 
 
5. Explain may imply reasoning or some reference to theory, depending on the context. 
 
6. Describe requires candidates to state in words (using diagrams where appropriate) the main points of 

the topic. It is often used with reference either to particular phenomena or to particular experiments. In 
the former instance, the term usually implies that the answer should include reference to (visual) 
observations associated with the phenomena. 

In other contexts, describe and give an account of should be interpreted more generally, i.e. the 
candidate has greater discretion about the nature and the organisation of the material to be included in 
the answer. Describe and explain may be coupled in a similar way to state and explain. 

 
7. Discuss requires candidates to give a critical account of the points involved in the topic. 
 
8. Outline implies brevity, i.e. restricting the answer to giving essentials. 
 
9. Predict implies that the candidate is not expected to produce the required answer by recall but by 

making a logical connection between other pieces of information. Such information may be wholly given 
in the question or may depend on answers extracted in an early part of the question. 

 
10. Deduce is used in a similar way to predict except that some supporting statement is required, e.g. 

reference to a law/principle, or the necessary reasoning is to be included in the answer. 
 
11. Comment is intended as an open-ended instruction, inviting candidates to recall or infer points of 

interest relevant to the context of the question, taking account of the number of marks available. 
 
12. Suggest is used in two main contexts, i.e. either to imply that there is no unique answer  

(e.g. in chemistry, two or more substances may satisfy the given conditions describing an ‘unknown’), or 
to imply that candidates are expected to apply their general knowledge to a ‘novel’ situation, one that 
may not be specifically referred to in the syllabus. 

 
13. Find is a general term that may variously be interpreted as calculate, measure, determine etc. 
 
14. Calculate is used when a numerical answer is required. In general, working should be shown, especially 

where two or more steps are involved. 
 
15. Measure implies that the quantity concerned can be directly obtained from a suitable measuring 

instrument, e.g. length, using a rule, or angle, using a protractor. 
 
16. Determine often implies that the quantity concerned cannot be measured directly but is obtained by 

calculation, substituting measured or known values of other quantities into a standard formula, e.g. 
relative molecular mass. 
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17. Estimate implies a reasoned order of magnitude statement or calculation of the quantity concerned, 
making such simplifying assumptions as may be necessary about points of principle and about the 
values of quantities not otherwise included in the question. 

 
18. Sketch, when applied to graph work, implies that the shape and/or position of the curve need only be 

qualitatively correct, but candidates should be aware that, depending on the context, some quantitative 
aspects may be looked for, e.g. passing through the origin, having an intercept, asymptote or 
discontinuity at a particular value. 

In diagrams, sketch implies that a simple, freehand drawing is acceptable; nevertheless, care should be 
taken over proportions and the clear exposition of important details. 

 
19. Compare requires candidates to provide both the similarities and differences between things or 

concepts. 
 
20. Recognise is often used to identify facts, characteristics or concepts that are critical (relevant/ 

appropriate) to the understanding of a situation, event, process or phenomenon. 
 
21. Classify requires candidates to group things based on common characteristics. 
 
 
 

SPECIAL NOTE 
 
Units, significant figures. Candidates should be aware that misuse of units and/or significant figures, i.e. 
failure to quote units where necessary, the inclusion of units in quantities defined as ratios or quoting 
answers to an inappropriate number of significant figures, is liable to be penalised. 


