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NOTICEBOARD:

Additional information regarding this module may appear from time to time on the notice-board. This will be situated in the Modular Teaching Laboratories, Edward Wright Building.




CLASS REPRESENTATIVES



1.  ------------------------------------------------



2.  ------------------------------------------------



3.  ------------------------------------------------

Names of class representatives will not be known until each course has begun; they will be chosen during the first few days.  An invitation to elect a representative will be given during the first session of each module; the class will then have a day or so to make their choice.  When the class representative(s) is chosen, you may write their name(s) on the line above for your reference.

It is important that you communicate your views to your class representative.  At least one formal meeting will be held with the representative and  the course supervisor during each module.  The meetings will have points for discussion agreed beforehand and the results of the discussions will be minuted and posted on the thrid year notice board.  In addition, the class representative will also attend a post-mortem meeting, which will be held by staff teaching the module after the course evaluation froms have been received and analysed.  A summary of the points discussed and the major decisions affecting the course for subsequent years will be posted on the noticeboard.

The class representative will be able to use the noticeboard in order to communicate with the class and the staff should he/she wish to do so.  There will also be a pigeon hole situated next to the noticeboard where the representative(s) can be contacted by students or staff.

The most effective means of communication may, however, be via e-mail. The class rep e-mail addresses will be provided as soon as possible.

COURSE AIMS AND LEARNING OUTCOMES

MOLECULAR BIOLOGY OF THE CELL MB3002

INTRODUCTION - AIMS, HOW THESE ARE ACHIEVED AND LEARNING OUTCOMES OF THE COURSE

MOLECULAR BIOLOGY MB3002 is a threaded course running for 12 weeks through the First Half-Session of the academic year. It is quite likely that you will also be taking another threaded course at the same time as MB3002.

The course is built around a series of lectures, tutorials, assignments and a practical class which runs for the second half of the course.

The overall GENERAL AIMS are:

· To establish at foundation level a core knowledge of the molecular biology of the cell 

· To establish knowledge of  how cellular processes interact and inter-link to create a functional cell

· To establish knowledge of how molecular interactions (e.g. protein-protein, nucleic acid-protein) contribute to and regulate cell activities and contribute to whole cell biology.

· To establish knowledge of how complex cell processes (e.g. cell division, transcription or translation) respond to, and are controlled by, the environment in which a cell is located.

· To gain appreciation of how the molecular processes considered in the course link and dovetail to form the functioning cell

· To obtain practical experience at first hand of some methods that are commonly applied in investigating the  molecular biology of the cell.



These aims are achieved through a combination of lectures, tutorials and laboratory classes. These represent different aspects of the teaching and learning process and are designed to complement each other. Lectures enable much basic information to be transmitted to a class of people. Lectures are not particularly interactive and it is up to you to use this information as a basis for self-motivated pursuit of your learning and education. The tutorials enable interaction with each other and with the academic staff and give you the opportunity to get to grips with a topic in an informal discussion group, improving understanding. The laboratory class enables you to gain an insight into the methods used in modern molecular cell biology to acquire the information you hear about in lectures, or read about in text books and scientific journals.

The list of topics in the course synopsis indicates those areas where your factual knowledge will be increased by the lectures.  It is most important that you should now be able to cross-reference the material that you have learned previously in second year courses as well as integrating the information from this course with the other third year units that you are studying.  You should also become familiar with using research literature and working and learning on your own.  

SUBJECT SPECIFIC LEARNING OUTCOMES OF THE COURSE:

At the end of the course students should be able to:

· Describe the main features of DNA structure and replication

· Describe the main features of chromosomal organisation, recombination and repair

· Describe the structure and propagation of mobile genetic elements (mobile DNA)

· Describe the main features of transcription, including post-transcriptional processing, and 

   translation in both prokaryotes and eukaryotes, 

· Describe various selected aspects of protein biochemistry including protein folding, turnover, 

   targeting and trafficking within the cell

· Describe some aspects of cell signalling in both prokaryotes and eukaryotes. This to include 

  tyrosine kinases, G-proteins, Ras, nuclear receptors, steroids, 2-component systems in 

   micro-organisms

· Describe the complex intracellular architecture of higher eukaryotic cells.

· Describe molecular mechanisms that lead to coordinated control of cell growth and cell death (apoptosis) 

TRANSFERABLE SKILLS:

Numeracy, Analysis and Problem-solving  skills are fostered during the operation of the: 

· Laboratory class 
Students will learn to document and analyse data, interpret results and design experiments.

· Writing the lab report
Results must be analysed and collated for presentation in a logical manner

· Tutorials and essays 
Extend student opportunity to analyse data, understand course material and make interpretations of the work of others. 

· Lectures 
Foster students’ ability to listen in a critical manner and to develop judgement enabling them to distinguish what is important from what is relatively trivial (for example, not every word uttered by the lecturer may need to be recorded!).

Practical skills 
Will be acquired during the laboratory class, including the ability to obtain, record, collate and analyse information in the laboratory.

Communication skills are encouraged during 

· Essays (2)
Will foster written presentation skills. Detailed feedback will be provided on each essay

· Tutorials (3)
Where interaction and verbal expession of students’ own ideas are encouraged.

· Laboratory class 
Students may work in groups and consequently are required to communicate effectively with others in the group. Laboratory discussions/tutorial will provide an opportunity to develop oral presentation and discussion skills. 

IT skills are promoted during:

· Four separate sessions in the computer classroom. 

Tuition topics include elements of MicroSoft Office (Word, Excel spreadheet and PowerPoint presentation), accessing databases such as BIDS, Web of Science, accessing the internet to locate educational material and the use of computers to display molecular graphics (using the Chime plug-in).

Spreadsheets and molecular graphics enable computers to be used to manipulate and analyse data.

Analysis of the literature is fostered particularly by:

· Writing essays (2)
Analysis and interpretation of material written by others will be required

· Tutorial sessions (3) 
Students will gain experience in learning how to read critically and to evaluate data

Self management skills are fostered particularly by:

· Time management 
requirements throughout the course

· Effort 
distribution throughout the course

· Stress 
management requirements throughout the course; workload, meeting deadlines and preparing for impending exams

INTELLECTUAL DEVELOPMENT:

Some aspects of nucleic acid biochemistry, protein biochemistry and molecular genetics that appear in this level 3 Molecular Biology course have been introduced at more elementary levels in year 1 (BI1505: Molecular & Cell Biology) and at year 2 (particularly BI20MI Molecular Biology of the Gene and BI25M1 Energy for Life). Similar topics taught at level 3 either go into more detail and/or cover material not dealt with in earlier courses. An overall summary is given below (level 3 course topics shown as bullet points):

· Features of DNA structure and replication 

Some at levels 1 and 2. Level 3 concentrates on four aspects: (1) supercoiling (2) orgins of replication (3) the “end problem”; telomeres and (4) fidelity of replication

· Chromosomal organisation, recombination and repair


Some at levels 1 and 2

· Structure and propagation of mobile genetic elements (mobile DNA)


Some at levels 1 and 2

· Transcription and translation


Some at levels 1 and 2. Considerably more detail and new elements at level 3

· Protein biochemistry including protein folding, turnover, targeting and trafficking within the cell


Only basic protein biochemistry in earlier years. Level 3 aspects not really dealt with previously.

· Cell signalling 


Some at level 1, very little at level 2

· Cell architecture

Introduction at level 1

· Cell growth and cell death 


Some at level 1, very little at level 2

Dr C.K. Pearson,
Course Supervisor

COURSE SYNOPSIS


UNIVERSITY OF ABERDEEN

DEPARTMENT OF MOLECULAR AND CELL BIOLOGY

COURSE SYNOPSIS: THE MOLECULAR BIOLOGY OF THE CELL MB3002

SESSION 2001-02

COURSE SUPERVISORS:

Dr C K Pearson 
The first part of the course deals with the basic biochemistry of genetic material, including an examination of DNA replication, chromosome organisation, recombination and repair. The dynamic nature of DNA is dealt with under the title “mobile DNA”. We progress into the core central dogma by dealing with both prokaryotic and eukaryotic mechanisms for the transcription of DNA into RNA and the subsequent synthesis of proteins encoded in mRNA. The focus then moves first to protein molecules, dealing with protein processing, targetting and turnover, and then to cell biological aspects of protein trafficking, membrane transduction and cell signalling. The course concludes with a discussion of cell growth and death; cell cycle and apoptosis. Laboratory work, CAL materials and tutorials are designed to complement, reinforce and extend the lecture topics.

LECTURES

Subject: 
Nucleic Acids: DNA Replication
No. of lectures:
4
Lecturer:
Dr W F Long 

The aim of these lectures is to consider four areas of DNA replication, for which there have been recent increases in understanding of the underlying molecular biology. These areas are (1) supercoiling (2) the origins of replication (3) the ‘end’ problem and (4) the fidelity of replication.

· Supercoiling not only compacts DNA, but when done appropriately it primes the molecule for the strand separation necessary for the initiation of DNA replication. DNA topoisomerases work together to achieve appropriate supercoiling. 

· The special features of the sites at which initial strand separation occurs (origins) have been well established for prokaryotic cells, and are being pursued in eukaryotic cells. 

· The mechanisms of the reactions catalysed by DNA polymerases lead to difficulty in replicating the 5’ ends of linear DNA molecules. Various methods have evolved to solve this ‘end problem’. One method involves the use of an unusual reverse transcriptase, called telomerase. 

· The fidelity of replication is not just a matter of pairing between specific complementary bases. Other mechanisms, working at a variety of levels, have been discovered.

Subject: 
Nucleic Acids: Chromosomal organisation, recombination, repair
No. of lectures:
4
Lecturer:

B Connolly  

Chromosomal organisation, introns, exons, satellites, repetitive DNA

Methylation, restriction systems DNA Recombination (homologous/site specific), DNA repair: mismatch, SOS etc

Subject:

Transcription

No. of Lectures:
9

Lecturers:

Dr I. J. McEwan (5) and Dr K. I. J. Shennan (4)

The aim of this series of lectures is to illustrate mechanisms by which prokaryotic and eukaryotic cells regulate gene expression primarily at the level of transcription. The basic principles of transcription will be described, emphasising the similarities and differences between the eukaryotic and prokaryotic systems, and highlighting the important events that contribute to the overall control of gene expression. The lectures on prokaryotic transcription regulation will also emphasis, through the use of specific examples, the integration of gene expression with the metabolism of the cell.

Lecture 1: Introduction to transcription in prokaryotes

· Subunit structure of RNA polymerase (RNAP) enzyme.

· Promoter architecture.

· Interaction of the RNAP with promoter sequences.

Lecture 2: Role of Sigma () factors

· Role of sigma factor(s) in control of gene expression, discussion of  sporulation in B.subtilis. 

Lecture 3: Regulated transcription: trans-acting factors

· Positive and negative control of gene expression, discussion of the lac operon (lacI, CAP) and catabolite repression: allosteric regulation and phosphorylation.

Lecture 4: Regulated transcription: Two-component system

· Regulation of gene expression in response to nitrogen starvation. The role of the nitrogen sensor protein, the allosterically regulated uridyl transferase enzyme, in the control of transcription of genes that encode proteins involved in nitrogen assimilation. 

Lecture 5: Transcription termination

· Intrinsic signals for termination.

· Rho-dependent termination.

· Anti-termination as a mechanism for regulating gene expression.

Lecture 6: Eukaryotic transcription – cis-acting elements

· Principles of transcriptional control outlined using RNA polymerases I and III as examples.

· Assembly of preinitiation complex.

· Upstream promoter elements and enhancers.

Lecture 7: Transcription factors – modular structure

· DNA binding domains: zinc fingers, homeodomains, POU domains.

· Protein:protein interaction domains: Leucine zipper: AP1, Helix loop helix: MyoD, Id.

· Activation domains

Lecture 8: Modulating gene expression

· Inducible response elements: steroid hormone and heat shock.

· Mechanisms of activation and repression.

· Influence of chromatin structure on transcription initiation.

Lecture 9: Post-transcriptional processing

· Addition of “caps and tails”. RNA degradation.

· Splicing of RNA: formation of spliceosomes; mechanism of splicing; alternate splicing.

· RNA editing

Subject:
Mobile DNA
No. of lectures
3

Lecturer

Dr. I. Stansfield

The DNA complement and gross structure of the genome of an organism is not fixed, and genomes of a large number of species are populated by an array of mobile elements that propagate via a variety of mechanisms. While DNA is normally subject to (vertical) inheritance, the aim of these lectures is to describe the range of forms in which some DNA elements are able to transfer horizontally between cells. Structures of mobile DNA elements, as well as overviews of mechanisms of DNA transfer and mobilisation will be described.

· Insertion sequences and transposons; structures, encoded functions, and mechanisms of excision, integration and transfer. IS10 and Tn10 will be used as examples; retrotransposons; Drosophila and maize transposons 

· Bacterial conjugation, transduction and transformation; Sex pili, the F episome and conjugation in bacteria; phage trasnduction - generalised and specialised.

· Bacterial plasmids; conjugative, non-conjugative; the F episome; tra and mob transfer and mobilisation systems; plasmid incompatibility and copy number control; 

Subject:
Translation

No. of lectures

6

Lecturers;

Dr. K. Shennan (lectures 1-3) and Dr. I. Stansfield (lectures 4-6)

The aim of these lectures is to describe in detail the process of protein synthesis, whereby a messenger RNA is translated by the ribosome in the cytoplasmic compartment. The parallels and differences between eukaryote and prokaryote translation will be considered. As well as constituting a central component of the machinery of the cell, translation is also an important point at which control over gene expression is exerted at the post-transcriptional level in response to environmental and cell-cell signals; these control mechanisms will also be considered.

· Kozak's scanning hypothesis. Initiation of translation in prokaryotes vs. eukaryotes. 

· Translation initiation factors. Key control points.

· Structural components of RNA that can affect translation and RNA degradation.

· Elongation; factors and mechanisms; the role of GTP; maintenance of the translational reading frame; the three site model of elongation.

· Termination; factors and mechanisms; molecular mimicry hypothesis; post-termination events and the closed loop model of eukaryote translation.

Functional RNAs in translation - tRNA and rRNA; ribosome structure and function - rRNA as a catalyst; ribosome biogenesis and rRNA processing; tRNAs - modification and charging; tRNA decoding, the genetic code and translational accuracy.

Subject:
Proteins: folding, processing, targeting and turnover

No. of lectures:

4

Lecturer:

NAB 

These lectures will consider the folding of newly-synthesized proteins, including the formation of disulphide bonds, correct folding and stabilisation being essential for biological activity.  The emphasis will be on mechanisms common to prokaryotes and eukaryotes, with some information specific to prokaryotes. 

· Protein structure, with emphasis on the need for both stability and flexibility, so that the protein can undergo subtle conformational change and form larger functional assemblies.  

· Folding pathways; chaperones

· How the cell deals with unwanted or misfolded proteins; the ubiquitin system and the proteasome

· Protein disulphide isomerases; protein folding and disulphide formation in the bacterial periplasm  

Subject:

Proteins – targeting and trafficking 

No. of Lectures:
6

Lecturer:

Dr. K I J Shennan

The aim of this series of lectures is to illustrate how proteins are targeted to the correct cellular location to ensure the appropriate biological activity. The majority of the lectures will cover the eukaryotic secretory pathway where similarities to the secretion of proteins from prokaryotic cells will be highlighted. We will also briefly consider how nuclear, chloroplast and mitochondrial proteins become localised

· Translocation of secretory proteins into the endoplasmic reticulum (ER) – signal hypothesis. Parallels with bacterial protein secretion. Post-translational modifications within the ER – signal peptide cleavage, glycosylation and lipid modification.

· Forward transport to Golgi apparatus or retention in ER. Bi-directional transport between ER and Golgi. 

· Post-translational modification in Golgi – further glycosylation, limited proteolysis (subtilisin family of endoproteases, carboxypeptidase), amidation

· Sorting at level of trans-Golgi network (TGN). Sorting to lysosomes (similarity to sorting to yeast vacuole), secretion or retention in Golgi.

· Exocytosis – vesicle flow between TGN and cell surface, SNARE hypothesis, docking and fusion. Endosomal pathway.

· Localisation to other cellular organelles.

Subject:

Membrane transduction and cytoplasmic signalling 

No. of Lectures:
4

Lecturer:

Dr C K Pearson

The aim of these lectures is to provide an outline of a variety of molecular signalling scenarios which living cells use to interact with their environment.  

· Higher eukaryotic signal transduction scenarios, membrane receptor molecules - tethered Tyr kinases, heterotrimeric G proteins, small G proteins, RAS, typical, nuclear receptors, steroids and transcriptional activation.

· 2-component systems in microorganisms, mitogenesis and cell-surface receptors; chemotaxis, trans-membrane transporters; ions, nutrients

Subject:

Cell architecture 

No. of Lectures:
3

Lecturer:

Dr M Wright

The aim of these lectures is to illustrate the complex intracellular organisation of higher eukaryotic cells. We will consider the structure, biogenesis and brief function of organelles that are separate to the secretory pathway discussed previously, that is the nucleus, mitochondrion, chloroplast and peroxisome. We will also discuss the cytoskeleton and its role in maintaining cell shape and cell motility

· Nuclear organisation: nucleolus, nuclear membrane and nuclear pore complex

· Mitochondria and chloroplasts: overview of structures, consideration of evolutionary origin, organelle genome

· Actin filaments - organisation of cytosol, myosin – molecular motor; functions in muscle and non-muscle cells

· Microtubules and intermediate filaments, kinesin as a molecular motor, role in cilia and flagella movement

Growth and death; cell cycles and apoptosis

Number of lectures
7

Lecturer

NARG (cell cycle, growth; 5 lectures), 

JP (apoptosis, 2 lectures)

The aim of these lectures (NG) is to examine the mechanisms that lead to the coordinated control of cell growth and cell division in bacteria and eukaryotes. 

In bacteria the regulation of cell division in relation to growth rate will examined and will include discussion of overlapping cell cycles and the regulation of the initiation of DNA replication and cytokinesis by the fts genes. The eukaryotic cell cycle will be illustrated mainly using examples of yeasts and will discuss regulation of entry in S (DNA synthesis) and M (mitosis) by the cyclin dependent kinase(s) (cdk) and the control of cdk's by cyclin synthesis and by phosphorylation. Regulation of the cell cycle by cell size and environmental factors will be discussed and the loss of control over the cell cycle mentioned in terms of ccarcinogenesis.

Apoptosis, programmed cell death (JP).

The aim of these lectures is to introduce you to mechanism and biological function of programmed cell death. 

The lectures will cover the following topics: Distinction between programmed cell death and necrotic cell death. Why does programmed cell death exist? Examples of programmed cell death in animals and plants. The molecular basis of apoptosis and its relationship to other cellular processes.

MB3002: 
Tutorials

· Students are provided with a strong, well-written minireview or research paper on the chosen topic (below).  The articles are chosen specifically to present an important model that builds upon a certain aspect of biology taught in this course.  

· Students may be asked to answer questions along the following lines:

1. Describe the question that the model addresses.  

2. Summarise the model.  

3. Address a few specific questions relating to the model.

4. Highlight any aspect(s) of the model that you don’t understand.  

Tutorial
Topic
Lead Tutor

1
Telomeres and DNA replication.   [Biochemistry]
WFL

2
Chaperones and protein folding. [Biochemistry] 
NAB

3
Cell cycle and signal transduction  [Microbiology]
NARG

MB3002: 
Practicals

IT:
Dr Pearson

Identification of bacteria containing either plasmid-borne or chromosomal reporter genes Dr Shennan

Poster arrangements
Dr MacFarland

IT SKILLS

IT SKILLS COURSE

SYMBOL 183 \f "Symbol" \s 10 \h
COMPUTER CLASSROOMS

You will be shown how to use the computer terminals in the computer classrooms in Edward Wright Building during the IT skills course given at the beginning of the course.  This course usually runs on Tuesdays of Weeks 1-4 (consult timetable for details). You will be split into groups of approx. 50 for each session and each group will have 4 sessions. This course will teach you a number of IT skills, including word processing, manipulation and presentation of data using MicroSoft Excel and Power Point, accessing the internet for information e.g. BIDS, and WWW. One of the classes will be devoted to molecular graphics using the plug-in “Chime” to display and manipulate molecules on screen. A detailed timetable for this part of the course will be found on the following page. You should take advantage of this course and produce as much class work as possible using the computer and the printing services available. Your Essays, remember, must be produced on a word-processor. 

3rd Year IT Training Course Syllabus 

1.
Internet Research Tools 3 Hours


Bids Embase



Web of Science



WWW

2.
Molecular Graphics 3 Hours



Web tutorials: on how to use “Chime” to display molecular graphics on screen

Tasks to do: a few simple assignments to test ability to use Chime to display and 

manipulate molecules on screen

3.
Presentation Graphics  3 Hours



Creating a Presentation Background Template etc.



Creating Graphs in MS PowerPoint



Importing Images into MS PowerPoint



Electronic Presentation



Creating an automated slide show

4.
Using MS Excel 3 Hours



Creating tables in Word -  Discussing: when do you need a spreadsheet?

Entering data in Excel



Plotting Graph



Printing Graph and Spreadsheet.



COURSE ASSESSMENT

MOLECULAR BIOLOGY OF THE CELL MB3002

COURSE ASSESSMENT

This will consist of:

CONTINUOUS ASSESSMENT 

(20% of total): This will be made up of marks from the written reports of:

Coursework
Value of Final Mark
Deadline 

Essay 1
5%
19th October

Essay 2
5%
23rd November

Laboratory report
10%
30th November

Assignments must be handed in before the deadlines specified above.  Failure to do so will result in loss of marks.  The departmental form used to provide detailed feedback on your performance in each exercise is enclosed.

WRITTEN EXAMINATIONS  

(80% of total).  Exams will be held in the January/February diet of examinations.  The written examination paper will be divided into 2 sections, each with a choice of 4 questions.  You will be asked to answer two questions from each section.

Details regarding Time and Place will be given to you in plenty of time.

EXAMINATION RESULTS.  The results will be posted on the 3rd year notice board approximately 10 days after the examination.  The criteria used in marking examination questions are given on the following page of the manual.  Similar considerations apply to marking your other assessed written work.

ORAL EXAMINATIONS may be arranged for a few students who fall close to the borderlines of Pass/Fail or possibly the Honours entry standard.  The list of students for oral examination will be posted on the 3rd year notice board within 10 working days after the written exam, and the oral examinations will be held shortly thereafter.  Each exam will last for 15-20 minutes and will normally be conducted by the course supervisor and another member of staff who taught on the course.  Any aspect of the course may be discussed. The outcome of this oral examination will be posted on the 3rd year notice board the following day.

IMPORTANT NOTES:
Students are responsible for checking whether they will he required for an oral examination by regularly monitoring the notice board in the days following the written examination.  The staff have three working days to mark examination questions, so oral lists are unlikely to appear until at least 3 days after the written examination.

Students should also note that candidates asked to attend for oral examination and failing to do so will be assigned their pre-oral (failing) CAS assessment. It is important, therefore, that you do not plan to take a holiday at this time unless you can be certain that you will not be required to attend an oral examination.

EXTERNAL EXAMINERS. The current external examiners are:

Biochemistry 


Dr P Luzio


Cambridge University


Microbiology 


Professor M Tuite

University of Kent at Canterbury 


Genetics 


Professor C M Steele

St Andrew’s University


Biotechnology 

Professor M Tuite

University of Kent at Canterbury

The external examiner plays a major, over-seeing role in the setting and marking of the written examination, in decisions about candidates to be entered for oral examination, in oral examinations themselves, and in the ultimate decisions about awards of passes and of CAS marks.  He/she also has a strong input into the format and content of the course itself.

With regard to the written examination papers the external examiner will check for a sensible balance of questions, that they reflect the course content, that they are written in good English and that they are "do-able"  i.e. questions should be neither too difficult or too easy.

The external examiner may wish to meet informally with the class representatives.

First and Second Class Merit Certificates.

First and Second Class Merit Certificates are normally awarded to students achieving CAS scores (collated from course work and written examination marks of 18-20 and 15-17 inclusive, respectively (see the CAS descriptors).  Award of the certificates is made by the Registry on receipt of the CAS marks from the Department, and the award is entered in student records. No "certificates" as such are actually distributed.  Students re-sitting the degree examination are not eligible for an award of a merit certificate.


Department of Molecular & Cell Biology

Level 3 and 4

Marking Scheme and conversion to CAS

DESCRIPTION
MCB scale (%)
CAS

FIRST:

OUTSTANDING ANSWER/ESSAY,  SHOWING THOROUGH UNDERSTANDING; DISCRIMINATION IN THE USE OF INFORMATION AND EXCELLENT ANALYTICAL ABILITY; EVIDENCE OF EXTENSIVE USE OF ORIGINAL LITERATURE

Answer/essay well-structured with good style and appropriate diagrams integrated with the text. Good integration of material from different elements of the course. Evidence of originality.


91-100

81-90

70-80
20

19

18

UPPER SECOND:
AN ANSWER/ESSAY SHOWING GOOD UNDERSTANDING OF THE CRITICAL CONCEPTS; WORK DRAWN LARGELY FROM LECTURE MATERIAL AND FROM A LIMITED SELECTION OF THE LITERATURE;  GOOD USE OF EXAMPLES

Marks at the upper end of the scale for evidence of wide reading.  Integration of material from different elements of the course.  Marks deducted for minor errors.


67-69

64-66

60-63
17

16

15



LOWER SECOND:

REASONABLE ATTEMPT AT ADDRESSING THE QUESTION/ESSAY TITLE BUT SHOWING LIMITED UNDERSTANDING AND/OR KNOWLEDGE

Few illustrative examples; important facts omitted or lacking breadth.


57-59

54-56

50-53
14

13

12

THIRD:
A POOR ANSWER THAT DESCRIBES SOME RELEVANT DATA BUT FAILS TO ADDRESS THE CENTRAL QUESTIONS.

Other major shortcomings, such as gross inaccuracy or content largely irrelevant to the question.  Poor presentation - information content random rather than selected.


47-49

44-46

40-43
11

10

9



FAIL:

SERIOUSLY LACKING IN CONTENT AND ACCURACY.

Marks given for relevant material using the full range allocated.
37-39

34-36

30-33

25-29

20-24

15-19

10-14

5-9

0-4
8

7

6

5

4

3

2

1

0

The CAS scale is not linear.  CAS scores are indicators of performance and cannot be averaged or mathematically-manipulated in any way.

Revised August 1997
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MOLECULAR BIOLOGY MB3002

Deadlines for handing course work

Course work                        Deadline for Handing in                           Work assessed by

Essay 1
Friday 19th October by 12 noon.
All staff

Essay 2
Friday 23rd November by 12 noon
All staff

Practical Report

Friday 30th November by 12 noon
All staff

All items of course work should be handed in at the time indicated at the Edward Wright Modular Teaching Laboratories. Here you will find a box marked with the course number (MB3002) and you should place your work in this box.  The box will be removed at 12.30 p.m. on the day the course work is to be handed in and work appearing after this time will be deemed to be late. 

Please take care to ensure that your work is placed in the correct collection box.  Failure to do so will incur the same penalty as if your work was handed in late.  Seek the advice of a member of staff if you realise that you have placed your work in the wrong box as the boxes are tamper-proof and you should not attempt to recover the work yourself. 

Work handed in late must be deposited with the Year Co-ordinator with a written explanation attached. Note: without a medical certificate only exceptional reasons will be acceptable so that no penalty will be incurred.

Please inform your Year Co-ordinator immediately if you anticipate problems with handing in your course work.

COLLECTION OF WORK ONCE IT HAS BEEN ASSESSED

All work may be collected from the appropriate box outside the Teaching Labs.  The staff will endeavour to return your work about two weeks after receipt.  

The Departmental form used to provide detailed feedback on your performance in each exercise is enclosed.

IMPORTANT NOTE

PLEASE NOTE THAT IF YOU FAIL TO HAND IN YOUR COURSEWORK BY THE DEADLINES GIVEN ABOVE WITHOUT A JUSTIFIABLE REASON (I.E. ILLNESS CONFIRMED BY A MEDICAL CERTIFICATE) THERE WILL BE AN AUTOMATIC DEDUCTION OF 25% OF THE MARK FOR EACH DAY, OR PART OF A DAY THAT THE WORK IS LATE (IF THE WORK IS ACCEPTED FOR MARKING). 

PLEASE INFORM THE YEAR COORDINATOR IMMEDIATELY IF YOU HAVE ANY PROBLEMS IN THIS RESPECT.


ESSAYS

THE MARKS YOU OBTAIN FOR THE TWO ESSAYS WILL BE USED FOR YOUR CONTINUOUS ASSESSMENT.  ESSAYS HANDED IN LATER THAN THE STATED DEADLINE WILL NOT BE ACCEPTED UNLESS YOU HAVE PRODUCED A WRITTEN EXPLANATION AND A MEDICAL CERTIFICATE
MOLECULAR BIOLOGY OF THE CELL MB3002

ESSAYS
· Hints on essay writing can be found below. Also included is the assessment sheet used by the staff to give you feedback on your essay.

· Your essays must be produced on a word-processor. Make sure to prepare your essay in advance of the deadline to safeguard against disasters such as computers crashing, printer failures etc. 
· DO NOT WRITE MORE THAN 1,000 WORDS for each essay.  Where appropriate, use figures and tables to illustrate your answers. 

· PLAGIARISM: Do not copy text (whole sections, paragraphs, sentences etc) from published work including textbooks. The University takes a very dim view of this and you are reminded to refer to the relevant section on plagiarism in the year manual. 

NOTE: Each word-processed essay must be accompanied by a floppy disk containing the essay file. Be sure to label the disk clearly with your name and course code. Essays handed in without the disk will not be marked. Your files may be checked for plagiarism, if this is suspected, using available computer software.

· Your essays should be placed in the collection box at the Edward Wright modular teaching labs no later than 12.0 noon on the specified date (see “Timetable for Handing in Coursework”).  Your essay will be returned to you within 2 weeks. Feedback regarding your essay will be made on a form similar to the one following this page.
ESSAY 1: Choose an essay from the following topics:


1.
Describe and evaluate the processes whereby living cells make ATP


2.
Wite an essay on the variation in structure and functions of cell membranes


3.
Describe the processes whereby genetic information is expressed from DNA to RNA to protein in eukaryotes, and contrast this with the situation in bacteria.


4.
Write an essay on “biological catalysts”. Include in the essay information on structure and function where appropriate.
Print your name and the number of the question clearly at the top of the essay.
ESSAY 2: Choose an essay from the following topics:

1. 
What factors determine the high degree of fidelity seen during the

process of DNA replication? 

2. 
Describe the role of bacterial sigma factors in the control of gene

expression

3. 
Describe the mechanism of transcription initiation in eukaryotes,

outlining the role of TBP (TATA-box binding proteins). 

4. 
Describe the properties that distinguish conjugative transposons from

non-conjugative transposons. 

5. 
Outline the process of translation initiation, highlighting steps that

are important for controlling gene expression.

Print your name and the number of the question clearly at the top of the essay.
Guide on essay writing

Students should refer to “A guide to scientific writing” by David Lindsay (on booklist). What follows is not a substitute for reading this book, but gives general guidance on writing essays and on how we assess them.

PLANNING AND WRITING AN ESSAY

1. Think

What does the title mean (in this case the title is vague so you have to make up your own title suitable for the essay you are going to write).

What do I know already about this topic?

Where can I find out more about it?

What are the best examples to illustrate the points I want to make?

How deeply can I go into each example?

2. Prepare

Devise a set of themes or ideas

Organise evidence under the theme headings: remember that arguments pro- and contra- are equally important.

Select illustrations (diagrams/schemes) that reflect the themes and ideas.

3. Plan

Place themes in a logical order.

Start simply and develop towards more complex arguments.

Do not hop from one theme to another and then back again. Maintain a steady forward impetus.

Identify the link between themes as a mechanism for ensuring continuity.

Think carefully about the beginning and the end.

4. Execute

Write short sentences and keep clauses simple.

Use appropriate tenses.

Be consistent in the organisation of sections.

Use appropriate references and a consistent citation style.

Have diagrams in front of you when writing about them.

Never make statements that you cannot support with evidence.

5. Complete

Read over what you have written - can you read it out loud without stumbling?

Have you answered the question? (or in this case does your essay properly reflect the title you have given it?)

Have you done what you have said you would do at the start of the essay?

Have you checked it carefully for typographical errors? Use a spell checker on the WP or get someone else to look over your essay.

ASSESSMENT OF ESSAYS

The assessment form ensures that you get useful feedback on your written work Please note that the 

five-point scoring scale is used ONLY as a guide by staff marking the essay and simply illustrates to students the points that have been considered in reaching the final mark. The questions are not “weighted” in any way and so CANNOT be summed. Neither can one person’s “scores” be compared with someone marked by a different member of staff. The comparison is made when a CAS mark is assigned. 

CONTENT AND PRESENTATION: Each essay will be judged on content and also on style of presentation. An essay must always be more than a collection of facts and ideas. Good presentation is central to clear communication.

Knowledge: It is expected that any essay will contain a substantial body of facts gleaned from appropriate literature, which should be cited within the text (Citations).The length of the essay will dictate how many facts can be given in support of a particular statement, and allowance will be made for this by the staff.

Analysis: Students are expected to develop their analytical skills. This is most readily demonstrated by the use of carefully selected examples, which should show a good understanding of the material. Remember that examples may either support or undermine an argument. A balanced essay will consider the relative strengths of the arguments for or against a particular point of view (Viewpoint).

Structure: A good essay will be clearly structured by division into appropriate sections, including an Introduction, which provides a clear and concise statement of the issue to be discussed, and a Conclusion, which briefly sums up the issues discussed.

Viewpoint: Students should form a view on the subject about which they are writing and should be prepared to support their views with balanced use of appropriate examples.

Figures: An argument can often be supported by Figures or Tables that present the information more effectively than text alone. They should form an integral feature of the text and must be described and discussed. A poor or inappropriate figure will usually detract from the essay. 

Citations: Papers and reviews used as a source of information should be cited in the text and direct quotes should be indicated by quotation marks. A consistent style of citation is essential and a list of citations should be presented at the end of the essay. The reference list does not have to be included in your word-count. 

Techniques: Scientific information is derived form experimentation. It is important to understand how that information was obtained. For example what technique was used, how was the experiment conducted etc. (although it is not necessary to provide all the details of the experiment e.g. buffers used etc.!)

Sentence construction, spelling, grammar: Students are expected to spell correctly and to follow the basic rules of grammar. Short, clear sentences are preferable to complex, tortuous, rambling constructions.

Organisation: An essay is easier to read if it is attractively set out on the page. For this reason the Department encourages the use of word-processors. An essay is easier to read and mark if it is formatted to give wide margins and double spacing between lines of text, with a font no smaller that 12 point.

Specific comments: This section is provided for the staff to make comments that amplify the box assessments in the top half of the form.

Assessment of essays
Student:





Essay title:







Marker:



STANDARD ACHIEVED          HIGH





LOW

CONTENT








Introduction
Clear, concise, focused





rambling, confused, poorly focused

Knowledge
Deep, thorough, detailed knowledge





superficial knowledge

Analysis
Selective use and analysis of information





restricted to facts

Understanding
Clear grasp of fundamental concepts





less grasp of fundamentals

Structure
Clear logical structure





confused order of topics

Viewpoint
Clearly expressed





little view expressed or lacking logical approach

Figures
Well integrated with text





poorly integrated with text

Citations
Range of sources used & accurately referenced





citations lacking, format inconsistent

Techniques
Clear recognition of how information derived





lacking in technical insight

Conclusions
Concise and reflecting content of essay





poorly defined, not always relevant to essay

PRESENTATION








Sentence construction
Good, readability high





poor, incoherent

Spelling & Grammar
Correct





many errors

Organisation
Visually attractive, well-organised, legible





untidy, badly organised, illegible

Figures & Tables
Neatly drawn/constructed, properly labelled





untidy, poorly labelled










Specific Comments

















CAS mark =  


TIMETABLE

DEPARTMENT OF MOLECULAR AND CELL BIOLOGY

SESSION 2001-02

THE MOLECULAR BIOLOGY OF THE CELL MB3002
Week
Date
Time
Class
Staff
12 M
24.09
3-4
Course introduction
Dr Pearson


     T
25.09
2-5
IT Skills (Group A, session 1)
Dr Pearson

     W
26.09
 9-10
DNA replication (1)
Dr Long 



10-11
DNA replication (2)
Dr Long



1-2
DNA replication (3)
Dr Long



2-5
IT Skills (Group B, session 1)
Dr Pearson

     Th
27.09
1-2
 DNA replication (4)
Dr Long

13 M
 1.10
3-4
Chromosome organisation  (1)
Dr Connolly

     T
 2.10
2-5
IT skills (Group A, session 2)
Dr Pearson

     W
 3.10
9-10
Chromosome organisation  (2)
Dr Connolly



10-11
Chromosome organisation (3)
Dr Connolly



1-2 
Chromosome organisation (4)
Dr Connolly



 2-5
IT skills (Group B, session 2)
Dr Pearson
     Th
 4.10
1-2
 Prokaryotic Transcription (1)
Dr McEwan

14 M
 8.10
3-4
Prokaryotic Transcription (2)
Dr McEwan

     T
9.10
2-5
IT skills (Group A, session 3)
Dr Pearson

     W
10.10
9-10
Prokaryotic Transcription (3)
Dr McEwan



10-11
Prokaryotic Transcription (4)
Dr McEwan



1-2 
Prokaryotic transcription (5)
Dr McEwan



2-5
IT skills (Group B, session 3)
Dr Pearson

     Th
11.10
1-2
Eukaryotic transcription (1)
Dr Shennan

15 M
15.10
3-4
Eukaryotic transcription (2)
Dr Shennan

     T
16.10
2-5
IT skills (Group A, session 4)
Dr Pearson

     W
17.10
9-10
Eukaryotic transcription (3)
Dr Shennan



10-11
Eukaryotic transcription (4)
Dr Shennan



1-2 
Mobile DNA (1)
Dr Stansfield


2-5
IT skills (Group B, session 4)
Dr Pearson

     Th
18.10
1-2
Mobile DNA (2)
Dr Stansfield

16 M
22.10
3-4
Mobile DNA (3)
Dr Stansfield 



4-6
Tutorial 1 (Telomeres)
Dr Long+

     W
24.10
9-10
Translation initiation (1)
Dr Shennan



10-11
Translation initiation (2)
Dr Shennan



1-2 
Translation initiation (3)
Dr Shennan

     Th
25.10
1-2
Translation elongation (1)
Dr Stansfield

17 M
 29.10
3-4
Translation elongation (2)
Dr Stansfield

     W
 31.10
9-10
Translation elongation (3)
Dr Stansfield 



10-11
Proteins (1)
Prof N Booth



1-2 
Proteins (2)
Prof N Booth

     Th
 1.11
1-2
Proteins (3)
Prof N Booth


18 M
 5.11
3-4
Proteins (4)
Prof N Booth

     W
7.11
9-10
Protein trafficking (1)
Dr Shennan


10-11
Protein trafficking (2)
Dr Shennan



1-2 
Protein trafficking (3)
Dr Shennan

     Th
8.11
1-2
Protein trafficking (4)
Dr Shennan

19 M
12.11
9-1
Practical session 1
Dr Shennan



3-4 
Protein trafficking (5)
Dr Shennan

     W
14.11
9-11
Protein trafficking (6)
Dr Shennan



10-11 
Membranes, signal transduction (1)
Dr Pearson



20 M
19.11
9-1
Practical session 2
Dr Shennan



3-4 
Membranes, signal transduction (2)
Dr Pearson

     T
20.11
9-3
Practical session 3
Dr Shennan
     W
21.11
9-10
Membranes, signal transduction (3)
Dr Pearson





21 M
26.11
9-1
Practical session 4
Dr Shennan



3-4 
Membranes, signal transduction (4)
Dr Pearson

     T
27.11
9-3
(prepare practical report)
Dr Shennan

     W
 28.11
9-10
Cell architecture (1)
Dr Wright



10-11
Cell architecture (2)
Dr Wright

     F
 30.11
2-3
Cell architecture (3)
Dr Wright


22 M
 3.12
3-4
Cell cycle/growth (1)
Prof Gow



4-6
Tutorial 2 Chaperones/protein folding
Prof N Booth+

     W
 5.12
9-10
Apoptosis (1)
Dr Pettitt



10-11
Apoptosis (2)
Dr Pettitt

     F
7.12
2-3
Cell cycle/growth (2)
Prof Gow



3-4
Cell cycle/growth (3)
Prof Gow

23 M
10.12
3-4
Cell cycle/growth (4)
Prof Gow



4-6
Tutorial 3  Cell cycle
Prof Gow+
     W
12.12
9-10
Cell cycle/growth (5)
Prof Gow



10-11
Blank

     F
14.12
2-3
Blank

All teaching will be at Kings. Room allocations are given on the accompanying page. Refer to the Kings campus map to locate these.

You will be advised at a later date about the location of your group for tutorial sessions.

MB3002

Teaching Room Locations:

2000/01

ALT = Auris Lecture Theatre 

Lectures:

Mondays
weeks 12-23
3-4pm
ALT
King’s Campus

Wednesdays
weeks 12-23
9-11am
ALT 


EXCEPT THE FOLLOWING 3 LECTURES

Wednesday
week 13    
9-10am only
Room 105 

St Mary’s Building 

Wednesday
week 15    
9-10am only
KCG7

King’s College

Wednesday
week 16    
9-10am only
FN3

Fraser Noble

Wednesdays
weeks 12-18    at 1-2pm
NK1

New King’s

Thursdays
weeks 12-18    at 1-2pm
NK1

New Kings

Fridays
weeks 21-23      2-3pm
ALT 

Friday
week        22    
3-4pm
C11
Taylor Building 

IT:

Tue
weeks 12-15
EWF81 & F84

Edward Wright 

Wed
week 12
G16 

Zoology 

Wed
weeks 13-15
EWS 81

Edward Wright

Tutorials:


weeks 16,22,23
A17

Taylor Building



A36




C21



C23


C25



D52


Laboratory:
Edward Wright
AnnexeTeaching Labs


MB3002: The Molecular Biology of the Cell

Timetable 2000/01

WEEK 12
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  24 Sept






LECTURE 

INTRO



Tuesday  25 Sept





IT 1A

Wednesday  26 Sept
LECTURE

WFL 1
LECTURE

WFL 2


LECTURE

WFL 3
IT 1B

Thursday  27 Sept




LECTURE

WFL 4





Friday  28 Sept










WEEK 13

09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  1 Oct






LECTURE 

BC 1



Tuesday  2 Oct





IT 2A

Wednesday  3 Oct
LECTURE 

BC 2
LECTURE

BC 3


LECTURE

BC 4
IT 2B

Thursday  4 Oct




LECTURE

IM 1





Friday  5 Oct










WEEK 14
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  8 Oct






LECTURE

IM 2



Tuesday  9 Oct





IT 3A

Wednesday  10 Oct
LECTURE

IM 3
LECTURE

IM 4


LECTURE

IM 5
IT 3B

Thursday  11 Oct




LECTURE

KS 1





Friday  12 Oct










WEEK 15
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  15 Oct






LECTURE

KS 2



Tuesday  16 Oct





IT 4A

Wednesday  17 Oct
LECTURE

KS 3
LECTURE

KS 4


LECTURE

IS 1
IT 4B

Thursday  18 Oct




LECTURE

IS 2





Friday  19 Oct



DEAD-LINE 1
Essay 1





MB3002 [Cont. 1]





Timetable 2000/01

WEEK 16
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  22 Oct






LECTURE

IS 3
TUTORIAL 1

Telomeres

Tuesday  23 Oct










Wednesday  24 Oct
LECTURE

KS 5
LECTURE

KS 6


LECTURE

KS 7





Thursday  265 Oct




LECTURE

IS 4





Friday  26 Oct










WEEK 17
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  29 Oct






LECTURE

IS5



Tuesday  30 Oct










Wednesday  31 Oct
LECTURE

IS 6
LECTURE

NB1


LECTURE

NB 2





Thursday  1 Nov




LECTURE

NB3





Friday  2 Nov










WEEK 18
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  5 Nov






LECTURE

NB 4



Tuesday  6 Nov










Wednesday 7 Nov
LECTURE

KS8
LECTURE

KS 9


LECTURE

KS 10





Thursday  8 Nov




LECTURE

KS 11





Friday  9 Nov












WEEK 19
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  12 Nov
PRACTICAL SESSION 1


LECTURE

KS12



Tuesday  13 Nov










Wednesday 14 Nov
LECTURE

KS13
LECTURE

CKP 1








Thursday  15 Nov










Friday  16 Nov










MB3002 [Cont. 2]





Timetable 2000/01

WEEK 20
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  19 Nov
PRACTICAL SESSION 2


LECTURE

CKP2



Tuesday  20 Nov
PRACTICAL SESSION 3


Wednesday 21 Nov
LECTURE

CKP3









Thursday  22 Nov



Essay 2






Friday  23 Nov 



DEAD-LINE 2






WEEK 21
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  26 Nov
PRACTICAL SESSION 4

       
LECTURE

CKP 4



Tuesday  27 Nov
PREPARE PRACTICAL REPORT


Wednesday  28 Nov
LECTURE

MW 1
LECTURE

MW 2








Thursday  29 Nov



Practical






Friday  30 Nov



DEAD-LINE 3

LECTURE

MW 3




WEEK 22
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  3  Dec






LECTURE

NG 1
TUTORIAL 4

Protein Folding

Tuesday  4 Dec










Wednesday  5 Dec
LECTURE

JP 1
LECTURE

JP 2








Thursday  6 Dec










Friday  7 Dec





LECTURE

NG 2
LECTURENG 3



WEEK 23
09.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00

Monday  10  Dec






LECTURE

NG 4
TUTORIAL 5

Cell Cycle

Tuesday  11 Dec










Wednesday  12 Dec
LECTURE

NG 5
SPARE 

SLOT








Thursday  13 Dec










Friday  14 Dec





SPARE SLOT




PERSONNEL AND CONTACT POINTS

MOLECULAR BIOLOGY MB 3002
STAFF

Course SupervisorS




University Tel.
Email









Ext. No.

number

· 
CKP
Dr Colin Pearson
4174
c.k.pearson

or
bch078

Note: Course supervisor is based in the MacRobert Building, Kings Campus.

CKP: Floor 8 room 806

Teaching Staff





University Tel.
Email









Ext. No.

number

· NB
Prof Nuala Booth (IMS)
43118
bch111

· BC
Dr Bernadette Connolly (IMS)
43125
b.connolly

· NG
Prof Neil Gow (IMS)
43179
gen053

· WFL
Dr Bill Long (MacRobert)
4175
bch118

· IM
Dr Iain McEwan (IMS)
43107
bch167

· CKP
Dr Colin Pearson (MacRobert)
 4174
bch078

· JP
Dr Jonathan Pettitt (IMS)
43037
gen238

· KIJS
Dr Kathy Shennan (IMS)
43127
gen165

· IS
Dr Ian Stansfield (IMS)
43106
mbi094

· MW
Dr Mathew Wright (IMS)
43180
bch196

The Departmental office in the IMS  can be reached by telephone on 3172 

(for internal calls to IMS numbers you don’t key the first number 4).  

For all numbers, if you are dialling from outside the University, prefix the last 4 digits of the number by 27, e.g. 274174 for CKP.

COURSE TEXTBOOK

DEPARTMENT OF MOLECULAR & CELL BIOLOGY 
Book List: - The Molecular Biology of the Cell  MB3002


Session 2001-2002

A.
Each student should own a personal copy of this book; the course cannot be studied satisfactorily from lecture notes alone.

Lodish H et al;.
Molecular Cell Biology
Freeman, San Francisco 2000 4th Edition
(£35.99)





ISBN 0-7167-3136-3


Includes study guide
ISBN 0-7167-40826
(£41.99)



[574.876042 Dar)

B.
Books strongly recommended for reference and for further reading on selected aspects of the course.  Students taking the Biochemistry 3 courses and intending to proceed to Honours should consider buying some of these books during the year.  These books supplement Lodish, and will provide the basis of your professional Library

Lindsay, D.
A guide to Scientific Writing
Longman London 2nd Ed. (1995) 
(£14.99)



ISBN.0-582-803128













[501.49 Lin and SES808.02 Lin]

Nelson, D L & Cox M M
Lehninger: Principles of Biochemistry
Worth, New York, 3rd edtn. 
(£35.99)



ISBN 1-57259-153-6



Includes study guide
ISBN 0716742217
(£40.99)



[574.192 Leh]

Stryer, L
Stryer, L
Biochemistry
Freeman, San Francisco, 4th Ed. (1995) 




ISBN 0-7167-368-7X
(£34.95)


Includes study guide
ISBN 0-7167-40141
(£39.95)



[574.192 Str.4]

Latchman, D. 
Gene Regulation: a Eukaryotic Perspective 3nd edition
Stanley Thomes Ltd.
(£27.25)



ISBN 07487 39777





[574.873223] Lar






Notes
(a)
When ordering a book from your bookshop, give all the information listed except that shown [   ].

(b)
The University Library system has copies of all the books on the list. Information with [  ]  records the shelf number of the book in the Foresterhill Library or the Queen Mother Library.

(c)
Outdated editions of these books are not suitable substitutes for the editions given on this list.  Molecular & Cell Biology is a fast-moving subject, and older editions may well have incorrect information. 

TUTORIALS

MB 3002  TUTORIAL COURSE

Tutorial work is not assessed but attendance will be taken

It is essential that you prepare for the tutorial by reading the material provided so that you come to each tutorial prepared to answer the accompanying questions.

TITLE

1.  Telomeres

2.  Chaperones and protein folding 

3.  Cell cycle and signal transduction 

MB3002: AIMS AND SPECIFIC LEARNING OUTCOMES OF THE TUTORIALS

General aims of the tutorial program

All the tutorials are designed to complement the lecture material, allowing a more detailed discussion of specific aspects of the course. 

A further aim is to encourage you to read papers critically and to discuss topics in small informal groups.

General learning outcome of the tutorial program

You will develop a greater understanding of specific parts of the course and an awareness of experimental techniques that are used in this type of research.

You will improve your ability to read research papers (review articles) and pick out the salient points rather than this being done for you in lectures. By contributing to the tutorial you will also improve your oral communication skills.

MB3002 Tutorial:  

Telomere maintenance mechanisms and cellular immortalization

The aim of this tutorial is to provide training in the close-reading and understanding of a scientific paper. In this particular case, the paper is a review article, and deals with a topic that extends an area of work mentioned earlier in the course.

Specific Learning Outcomes

You will have a greater understanding of the role of telomerase in maintaining chromosome stability and the role of, and the mechanism by which, telomerase replicates the ends of linear DNA.

The article used for this tutorial is:

Colgin, L.M. & Reddel, R.R. (1999) ‘Telomere maintenace mechanisms and cellular immortalization.’  Current Opinion in Genetics and Development (1999) 9, 97-103

First, read quickly through the article. Next, read it more closely, marking any passages, the meaning of which seems to you doubtful or obscure. In some cases, reference to a modern molecular biology textbook, or a glance at a paper cited at the end of the article (several of which have short summaries attached) may resolve a difficulty. In the present exercise, it is not important, however, to appreciate the fine detail of every observation that the authors report. In some cases, they themselves acknowledge that the significance of some of the findings they describe is not yet clear, so do not get too bogged down in minutiae. You should, however, be able to follow the logic of the authors’ presentation throughout the article.

While you are reading, notice how the authors arrange their presentation into discrete sections, often with sub-headings, and that the article forms a smooth, logical sequence that (should) make it relatively easy for the interested non-expert to follow. The whole makes a relatively seamless ‘story’, leading from a scene-setting background, through current findings and thoughts, towards speculations about future work. A similar careful ordering of material (and hence of thoughts) is expected of you in essay writing, and, in fourth-year, in the composition of a research project thesis.

Now, look at the article again, and answer the following questions. Your answers are not handed in and marked, but you will need to be able to talk about the various points during the tutorial. It is therefore suggested that you make (rough) notes, sufficiently legible for you to access them easily during the tutorial and to refer back to them when you revise.

1. Page 97 column 1 block 1

The “3’ GT-rich overhang … presumably has an important role in telomere structure and function.”

What structure and function might it have? (Consider the role of telomeres when DNA is not replicating.)

2. Page 97 column 1 block 1

“The overhang is thought to be produced by the inability of the conventional DNA replication machinery to copy the final few bases of the lagging strand”. Briefly explain why the ‘conventional DNA machinery” is unable to perform this function.

3. Page 97 column 1 block 2

What telomerase-independent mechanisms to counteract telomere shortening are known to operate in some insects? 

(Ignore for now the mechanisms that may occur in extreme circumstances in cultured cells and that are described later in the article.) 

4.
Page 97 column 2 blocks 3, 4


What structural features distinguish the human telomerase holoenzyme from retrviral and retrotransposons?

1. Page 98 column 1 block 1 and reference 31

What is the experimental evidence that expression of ‘full-length’ reverse transcriptase polypeptide is required for telomerase activity?

2.       Page 98 column 2 block 2

“Unexpectedly, overexpression of dominant negative alleles of TRF2 … caused loss of the terminal single-stranded 3’ overhang …”

Why was this observation unexpected?

There seem to be two mechanisms by which cells escape from “culture crisis”.

7.
Page 99 column 1 block 4, reference 78; Page 100, column 1 block 3.

What is the evidence that one of these mechanisms may be associated with telomerase?

8.
Page 99 column 1 block5, column 2 block 1

What are the characteristics of escaping cells that use an alternative mechanism?

9.
Page 100 column 1 block 2


What is “antisense hTER” and by what mechanism is it presumed to have inhibited telomerase?

10.
Page 100 column 1 block 5, column 2 block 1


What possible mechanisms of “ALT” are suggested by the authors?

MB3002 Tutorial: Chaperones and protein folding
Aims


The article used for the tutorial was chosen as a simple illustration of the importance of chaperones in cell biology. The paper will not only be a useful revision of your lectures but will also integrates several common experimental approaches, therefore extending your knowledge and understanding of how chaperones function.

The tutorial is based on the following short paper:

Overexpression of hsp70i facilitates reactivation of intracellular proteins in neurones and protects them from denaturing stress.  Beaucamp et al FEB Lett 441: 215-9, 1998

Read the paper, making brief notes on the central facts.  Do not worry about the details in Materials and Methods; focus on what you need to understand the results.

Answer the following questions as a basis for discussion at the tutorial.  Some of them require you to check your lecture notes.

Introduction  (useful material in Discussion as well)

· Which E coli chaperone family corresponds to the hsp70 family?

Summarise how these chaperones work.

Results and Discussion

· Cells not exposed to heat shock had identical viability, whether or not the viral vector used expressed hsp70i (page 218, 2nd paragraph, data not shown).  How similar is this result to that with E coli lacking the hsp70 homologue?

· Summarise the experiment presented in Figure 4.  Can you follow the logic of the experiment from the text and the legend?  If not, what other information did you need?  How would you improve the legend?

· List the main results obtained in this study.  Which ones make the key points of the paper and which ones simply provide the background evidence?

· FEBS Letters publish short papers.  How would you extend this study?

· The final sentence in paragraph 1, page 219 “Our results suggest----“ is rather unwieldy.  Rewrite it to make the meaning clear.

MB3002 Tutorial: The cell cycle and yeast morphogenesis
The aims of this tutorial are:

· To promote your understanding of the regulation of the cdk in the yeast cell cycle and the concept of cell cycle checkpoint controls and 

· To extend this understanding to an appreciation of how such checkpoint controls may also regulate morphogenesis.

· To encourage you to conceive of a programme of further experiments designed to further test the underlying hypothesis guiding the research.

Paper for discussion: Loeb, J,D.J., Sepulveda-Beccerra, M., Hazan, I. & Liu, H. (1999). A G1 cyclin is necessary for maintenance of filamentous growth in Candida albicans. Molecular and Cellular Biology 19, 4019-4027.

We are used to thinking about the cell cycle of eukaryotes coordinating two critical events which are essential for cell replication - DNA replication (the S phase) and mitosis (M phase). The cell cycle is organized so that the onset of S and M phases is subject to checkpoint control at times immediately prior to the initiation of DNA synthesis and mitosis (i.e. during G1 and at G2-M respectively). Checkpoint controls therefore regulate these two key events in the nuclear cycle. The paper you have been given considers how cell cycle regulation may also be coupled to cell shape regulation – in this case the formation of tubular hyphal or pseudohyphal cells of Candida albicans and Saccharomyces cerevisiae. (The distinction between pseudohyphae and hyphae is that the former are elongated cells with visible constrictions at the junctions between cells and the latter are parallel sided tubes with no constrictions).

To understand the paper you need to know a few extra bits of information. [a] It is known that in yeast cells of Candida and Saccharomyces the expansion of the bud occurs first in a polarised form where growth is restricted mainly to the bud tip and then by general (isotropic) expansion. The switch between polar and isotropic growth is known to occur somewhere prior to the M phase – i.e. during the G2-M transition. Thus the switch in growth occurs at around the same time that the cyclin-dependent protein kinase (cdk) regulates entry into mitosis (at the G2-M cell cycle checkpoint). These ideas are encompassed in the model of Lew and Reed mentioned in the text which first suggested a link between cell cycle regulation and the shape of buds of yeast. [b] The entry into S-phase coincides with the execution of the “Start” function when the Cdc28 kinase binds a G1-cyclin and becomes activated. Activation of the cdk is controlled by regulation of the synthesis of the G1 cyclins. Entry into mitosis in Saccharomyces (and probably Candida too, requires activation of Cdc28 with a G2 cyclins (mostly Clb or B-type cyclins) and is regulated by phosphorylation of the cyclin and cdk enzymes via a series of other kinases and phosphatases.

Structure of the tutorial: 

Read the paper carefully and consider the following questions in preparation for a discussion of the paper. In addition prepare a sheet of notes of your experiments relating to question 9 described below/over.

Questions:

[1]
Why is it necessary for cells to have evolved stringent control measures over the cell cycle (and in particular over the onset of DNA synthesis and mitosis)?

[2]
What advantages might there be for yeast-like organisms like Candida and Saccharomyces to regulate their cell shape? (Consider what advantages of forming tubular cells that extend by apical expansion).

[3]
Be prepared to give a description of the model of Lew and Reed relating bud shape to cell cycle control. According to the model what would you predict would be the consequences to the shape of a bud (more rounded, more elongated) of regulating cyclin synthesis or cdk activity (e.g. delaying or advancing the synthesis of active cdk) at G1 and G2?

[4]
What evidence is there that G1 cyclins regulate filamentous growth?

[5]
Why do the authors focus on CaCLN1 rather than CLN2 or CLN3?

[6]
Why do you think that the defect in filamentous growth of the Cacln1/Cacln1 mutant is medium-dependent – occurring in a defined medium like Lee’s, but not in serum-containing medium? 

[7]
The expression pattern of three hyphal-regulated genes is effected in the Cacln1/Cacln1 mutant in all growth conditions tested. What does this say about the way in which these genes are regulated and the relationship between the expression of these genes and the formation of hyphae in Candida?

[8]
Given a heap of research funds what experiments would you suggest to further examine the working hypothesis guiding this piece of work?

[9]
Do you think the insights gained from the studies of cell cycle and morphogenesis in yeast-like fungi may relate to morphogenetic regulation in other cells? Be prepared to argue a case for the relevance (or otherwise) of these studies to other systems of cellular morphogenesis.
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LABORATORY WORK

BEHAVIOUR AND SAFETY IN LABORATORIES

Please read these notes carefully.  Laboratories are potentially dangerous places, and certain codes of conduct must be observed to maximise the chances of you and everyone else working safely.  These notes are not designed to be comprehensive, since rules and notices themselves cannot ensure safety.  You have an important part to play in ensuring your own and others’ safety.  Think carefully before you undertake any task, and if in doubt about safety, ask the supervisory staff.

Protective clothing.

You must possess and wear a laboratory coat during practical classes.  Do not carry sharp objects in your clothing.  Ensure that footwear is non-slip and is able to protect your feet from falling glassware, etc.

Safety spectacles are available and should be worn at all times in practical classes.  Disposable safety gloves are also available:  make sure that they are worn whenever chemical reagents of any sort are being used.

Fire and Accident precautions.

During the first classes of the session, the class supervisor will tell you where the fire extinguishers, fire alarm, fire exits and first-aid equipment are located in the main rooms in which you will be working.  If you enter an unfamiliar room, note where these facilities are before starting work.

Any accident involving personal injury must be reported to the member of staff supervising the class.




GENERAL SAFETY ASPECTS

1.
Arrive on time in order to listen to the instructions for the practical class.

2.
Leave bags, etc. under the bench, not blocking the aisles, or cluttering the benches.

3.
Do not shout or run in the laboratory.

4.
Do not eat, drink or put anything into your mouth in the laboratory.  Smoking is 

banned in the Department of Molecular and Cell Biology.  

5.
Check that you know where the laboratory fire extinguisher, fire blanket, eye-wash bottle, safety spectacles, gloves and shower are located, and how to use them.  Note the locations of the teaching laboratory fire exits, fire alarm and preparation room first-aid box.

6.
Do not pipette corrosive or toxic liquids by mouth; safety pipettes are available; learn how to use them, and if in doubt, use one.  Be especially careful when fitting a pipette controller to a glass pipette, not  to use excessive force, snap the pipette and drive the broken end into your hand.

7.
Fume hoods are present in all laboratories; use them whenever necessary, e.g. when handling volatile or toxic chemicals of any kind.

8.
Make sure when lighting Bunsen burners that there are no flammable or volatile chemicals nearby.

9.
Do not throw water-immiscible solvents down the sink; bottles for collection of solvent waste are available in the preparation room.

10.
Do not throw solid waste into the sink; waste boxes are available.

11.
Do not use cracked or broken apparatus, or leave it lying about.

12.
Label clearly all vessels containing liquid or solid.

13.
Do not eat, drink or smoke in the laboratory.

14.
Do not connect electrical apparatus without permission.

15.
Apparatus left operating outside normal working hours must be labelled.

16.
If you suspect malfunction of any instrument, do not attempt to dissemble it; inform the supervisory staff.

17.
Mix solutions in test-tubes by securely sealing the tube top with flexible plastic sheet and gently inverting the tube once or twice.

18.
Laboratory work outside time-tabled hours without permission of supervisory staff is forbidden.  At no time work alone in the laboratory.

19.
When leaving, switch off gas, water and electrical supplies, and wash your hands.

COSHH Regulations

In accordance with the Control of Substances Hazardous to Health Regulations (1988), risk assessments have been made for these classes.  Copies are held by Mrs Wilma Kirk, Teaching Laboratory Supervisor.  Safety notes, peculiar to each class, are set out before each individual set of practical instructions, and must be read before work is begun.

Health

If you have difficulties such as epilepsy, diabetes, a heart condition, or colour blindness, which might affect your performance or safety in the laboratory, please tell the Course Co-ordinator at the start of the session.  The information, if desired and where practicable, can remain confidential.




AIMS AND SPECIFIC LEARNING OUTCOMES 

OF THE LABORATORY WORK

The aims of this practical are to illustrate some common techniques that are used in a molecular biology laboratory and to provide you with the opportunity to devise a plan of work, after some initial observations, that will enable you to positively identify four different bacterial strains. 

Specific learning outcomes

You will have learned:

1. to plate out bacteria under aseptic conditions and tentatively identify them based on their phenotypic characteristics.

2. to prepare plasmid DNA from bacterial cultures.

3. to use restriction maps to devise a means to positively identify the bacterial strains.

4. to electrophorese DNA samples and determine the size of the DNA by comparison with known DNA size markers.

TIMETABLE OF PRACTICAL WORK

--------------------------------------------------------------------------------------------------

SESSION 1:
Introductory talk on the practical work
:12/11/2000



Set up plating protocol and plating out 



of unknown cultures

--------------------------------------------------------------------------------------------------

SESSION 2:
Identification of reporter gene expression
:19/11/2000



Inoculation of liquid cultures


--------------------------------------------------------------------------------------------------

SESSION 3:
Plasmid DNA preparation, 


:20/11/2000

Plan and execute restriction enzyme

digestion of prepared and control



plasmid DNA,

Prepare agarose gel and electrophorese 



samples

--------------------------------------------------------------------------------------------------

SESSION 4: 
Collation and discussion of results

: 26/11/2000



Preparation of report

--------------------------------------------------------------------------------------------------

INTRODUCTION - cloning and the use of reporter genes

There are often times in the study of molecular biology when you wish to isolate a particular fragment of DNA separate from the rest of the genome. This may be because you want to sequence that DNA which may allow you to look for open reading frames and predict the sequence of a protein encoded by that particular piece of DNA or it may be that you are interested in the piece of DNA for another reason such as in this practical class.  However, for whatever reason that you want to clone a piece of DNA, the procedure that you use is likely to be the same.  It is worth remembering that cloning a piece of DNA is quite straight forward, it is the subsequent selection or identification of the clone that you are interested in that is the difficult part of the operation.  For example, if you wanted to clone the gene for human growth hormone you might start by isolating some DNA from some readily available human cells -say from the blood- and then create a genomic DNA clone bank in a suitable vector.  This would result in the production of hundreds of thousands of clones each containing a piece of DNA and together these would represent the entire human genome.  This would have been the easy part of the experiment.  The difficult part will be to try and identify which clone amongst thousands is the one that contains the gene for human growth hormone - think about how you would tackle this problem.

So, what are the basic principles involved in gene cloning? 


1. DNA to be cloned must be isolated.


2. A suitable vector for the cloning must be selected.


3. Both the sample and the vector DNA must be digested with restriction


 enzymes which produce compatible ends so that they can be ligated


 (joined) together.


4. Vector and sample DNA must be ligated to produce


 covalently closed circular DNA.


5. These recombinant molecules must be introduced into a suitable host


 bacterium, which will accept only one recombinant DNA molecule, and


 then, either the vector DNA will be maintained as a plasmid within the


 cell or it will integrate into the chromosome of the host cell.  If the


 introduced DNA is maintained as a plasmid, it is likely to be present


 as multiple copies.  If the introduced DNA is integrated into the


 chromosome, it is likely to be present in only one copy.  Whatever


 happens will be determined by the nature of the vector but in any case,


 this process is called transformation.


6. The transformation mixture must be plated out onto a suitable medium 


-normally nutrient agar containing a component which only allows 


 bacteria which have been transformed to grow. The most


 common method is to include an antibiotic where resistance to the


 antibiotic is conferred by the vector. This will allow only those


 bacteria which have been transformed by the vector to grow in


 the presence of the antibiotic.


7. Each bacterium will give rise to a colony of identical daughter cells


 on the agar plate (clones).  We can now say that we have cloned some DNA 


 as each of the colonies on the agar plates will contain recombinant DNA.

In this practical, the initial cloning has already been performed and you are being given what is effectively molecular detective work.  You will have to deduce which reporter genes are cloned into which bacterial samples and whether the evidence suggests that they are present on plasmid DNA molecules or incorporated into the chromosome.

REPORTER GENES
A reporter gene is a gene which is expressed in a host cell under defined conditions and these genes can be used either to identify a particular genetically marked organism (as in this case) or to investigate something about the nature (e.g. molecular biology or physiology) of the host organism.

Objectives of the Practical Class and background information

In this class, you will be supplied with four samples of bacteria, three pseudomonads and an Escherichia coli strain.  These are common, Gram negative bacteria that are found widely distributed in nature in a variety of environments such as fresh water, soil and in association with plants and animals.  It is very difficult and time-consuming to distinguish between closely related species and strains of bacteria by conventional microbial methods.  Therefore, these bacteria have been previously transformed with various reporter genes and your task will be to identify the individual bacterial species and strains by detecting the expression of the various reporter genes.

These bacteria have been genetically modified (engineered) in a number of different ways by transformation with a variety of reporter genes as follows

SYMBOL 183 \f "Symbol" \s 10 \hP. syringae/pQF70/19H

This P. syringae strain is a plant pathogen which causes the disease of haloblight on French bean plants.  Infection with this bacterium causes a dramatic loss of crop yield.  This bacterium has been transformed with a multicopy plasmid (pQF70/19H - see Figure 1) which confers both resistance to the antibiotic, ampicillin (commonly abbreviated to Apr), and also introduces the phenotype of bioluminescence to these bacteria.  This is achieved by the cloning of the luxA and B genes from a marine bacterium into the vector pQF.  There is also a very strong P. syringae-specific bacteriophage promoter (the 19H part) which has been introduced just upstream of the lux genes.  This ensures high constitutive expression of the lux genes when introduced into a P. syringae host cell.  When introduced genes are present in the host bacterium on a plasmid, the bacterium has to be grown up in the presence of the antibiotic otherwise the plasmid will not be selected for and it will be lost as the host bacterium does not require it for anything essential.

Detection:
In order to detect this bacterium, you should culture the sample on nutrient agar plates containing the antibiotic ampicillin which will maintain the plasmid and , in addition, the bioluminescence phenotype can be observed by taking the plates into a dark room, adding the substrate for the luciferase enzyme (do-decyl aldehyde) and waiting for about 5-10 min (to allow time for your eyes to adapt to the dark) when you will see the individual colonies bioluminesce.  The optimal growth temperature for pseudomonads is 30oC although they will grow rather less well at 37oC.
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This non-pathogenic P. fluorescens strain has been transformed with a so-called 'suicide vector' (pFAC510 - see Figure 2) which confers resistance to the antibiotic, kanamycin (commonly abbreviated to Kmr), and also introduces the phenotype of bioluminescence (via the lux A and B genes) to these bacteria.  The important feature of the suicide vector is that it cannot survive and replicate as a plasmid once it gets inside the bacterial cell.  The only way for the bacterium to survive on selective medium containing the antibiotic kanamycin is to integrate the plasmid DNA into its chromosome so that it is maintained and replicated along with all the other DNA on the chromosome.  Once this initial recombination between suicide plasmid and the chromosome has taken place, the Kmr gene and the lux genes will be stable in the absence of the antibiotic.

Detection:
In order to detect this bacterium, you should culture the sample on nutrient agar plates containing the antibiotic kanamycin which will select for this strain and, in addition, the bioluminescence phenotype can be detected as described for P. syringae/pQF70/19H.  The bioluminescence of the individual colonies should be less in this strain as the lux genes are integrated into the chromosome as a single copy as opposed to P. syringae/pQF70/19H which has the lux genes on a multicopy plasmid.  The optimal growth temperature for pseudomonads is 30oC although they will grow rather less well at 37oC.
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This non-pathogenic P. aureofaciens strain has been transformed with another type of suicide vector based on a naturally occurring bacterial transposon (called Tn5) which has the natural ability to integrate spontaneously into the bacterial chromosome.  When it is introduced into the bacterium, it spontaneously transposes (integration by a special mechanism) randomly into the genome.  Because of the transposition mechanism, only that DNA bordered by the inverted repeat sequences is integrated.  In this vector, that means that the xylE gene will be integrated along with the gene conferring resistance to the antibiotic, kanamycin (Kmr).  The gene xylE codes for the catabolic enzyme catechol 2,3,dioxygenase which is not normally present in pseudomonads

Detection:
In order to detect this bacterium, you should culture the sample on nutrient agar plates containing the antibiotic kanamycin which will select for this strain and the expression of the xylE gene can be visualised by spraying the plates, after incubation, with catechol.  As the xylE gene codes for the enzyme catechol 2,3 dioxygenase, the presence and activity of this enzyme can be detected as the enzyme catalyses the conversion of catechol to the yellow coloured 2-hydroxymuconic semialdehyde.  Bacterial colonies expressing xylE will turn yellow after spraying with a solution of 1% catechol.  The optimal growth temperature for pseudomonads is 30oC although they will grow rather less well at 37oC.
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This non-pathogenic E. coli strain has been transformed with the high copy number plasmid pUC18 which confers both resistance to the antibiotic ampicillin and contains the inducible ß-galactosidase genes, lacZY.  The lacZ gene codes for the enzyme ß-galactosidase and the lacY gene codes for a lactose permease protein which allows the substrate of ß-galactosidase to enter the cell.

Detection:
In order to detect this bacterium, you should culture the sample on nutrient agar on which you spread a specific inducer (IPTG) of the lacZY genes and a chromogenic substrate (X-gal) which turns the bacterial colonies bright blue if ß-galactosidase is present.  Almost all fluorescent pseudomonads are unable to produce ß-galactosidase.  E. coli strains grow best at 37oC although they will still grow at 30oC.
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EXPERIMENTAL PRECAUTIONS AND SAFETY 

INFORMATION.

It is essential that this information is read and understood BEFORE commencing any practical work. If there is any item that is not clear, please ask a member of staff or a demonstrator BEFORE continuing.

1. 
ETHIDIUM BROMIDE is a known carcinogen and you will be using this compound many times during your practical procedures. You MUST wear gloves at all times when handling solutions of , or that contain, ethidium bromide. You must NEVER MOUTH PIPETTE ETHIDIUM BROMIDE or solutions containing ethidium bromide. Dispose of all items that have been in contact with ethidium bromide into the special containers that have been provided (e.g. gloves, tissues, automatic pipette tips etc.)

2. 
ALWAYS use SAFETY GOGGLES OR GLASSES when handling corrosive materials such as PHENOL. Always dispose of any items that have been in contact with phenol in the special containers provided.

3. 
Electrophoresis procedures involve HIGH VOLTAGES. Take special care when handling the electrophoresis equipment and ensure that the power is always switched off at the mains before connecting or disconnecting the supply leads. NEVER leave the power on when disconnecting the leads from the apparatus - you would risk electrocution.

4. 
ALWAYS wear disposable gloves during the practical class. This will protect you against coming into contact with ethidium bromide and will prevent your contamination of the sterilised solutions that you will be working with. Your skin is a plentiful source of DNases, RNases, proteases, bacteria as well as lots of other contaminants. The introduction of any of these contaminants will ruin your experiments.

5. 
When using UV light to visualise DNA fragments ALWAYS WEAR GOGGLES. UV irradiation can cause severe burns to the skin and can permanently damage your eyes.

6. 
NEVER EAT OR DRINK IN THE LABORATORY.

7. 
ALWAYS WASH YOUR HANDS BEFORE LEAVING THE LABORATORY.

8. 
YOU MUST WEAR A BUTTONED-UP LABORATORY COAT WHILST YOU ARE IN THE LABORATORY. 

9. 
You must always pipette DO-DECYLALDEHYDE in the fume cupboard and minimise inhalation of this substance. It is very volatile and can be harmful in high doses.

SPECIAL NOTE

IF YOU SHOULD SPILL PHENOL OR ETHIDIUM BROMIDE ONTO YOUR SKIN, WASH WITH COPIOUS AMOUNTS OF WATER IMMEDIATELY AND THEN SEEK HELP FROM A DEMONSTRATOR.

IF YOU HAVE AN ACCIDENT WITH ANY OF THE OTHER SUBSTANCES MENTIONED IN THIS SAFETY NOTICE THEN SEEK ADVICE IMMEDIATELY FROM A DEMONSTRATOR

The COSSH regulations regarding risk assessment of the hazardous substances used in this practical work are displayed on the notice board immediately outside the laboratory. You should consult these to supplement the information in these safety notes.

SESSION 1

Discussion of the Practical Work

We will discuss the practical work planned for this course and the new procedures which will be involved.

Safety talk

This practical class will involve working with potential carcinogens.  Proper laboratory procedure when engaged in genetic manipulation will be discussed.

Specialised techniques - GOOD MICROBIAL TECHNIQUE

INTRODUCTION

The handling of micro-organisms requires the use of aseptic culture media and culture vessels so that the only organism growing in a culture is the one introduced by the experimenter. All culture media and culture vessels are  sterilised before use by heating under steam pressure in an autoclave (solutions and glassware) or by dry heat in an oven at 160oC (dry glassware only). The openings of flasks, tubes, etc. are kept covered by a sterile cap, or plugged with cotton wool, and pipettes are plugged with cotton wool and kept in sterile containers.


Strict precautions must be taken when handling lives bacterial cultures so that:

a)
no contaminant organisms are introduced into the culture from the surroundings

b)
the surroundings are not contaminated by the organisms which are being grown in 
culture


The general rules which must be observed are:

1.
Remember that not only the inside of flasks, bottles, etc. be kept sterile, but so must that part of the cap or plug which is in contact with the glass.  Never lay a cap or plug down on the bench; practice holding caps and plugs in the third and fourth fingers of the hand while manipulating a pipette with the first and second fingers and thumb.

2.
Flame all orifices in a Bunsen flame after opening and before closing a vessel, unless a live culture is to be poured out of the vessel (the hot glass would kill the cells in the culture).

3.
Hold pipettes only by the extreme upper end; the outside of the lower end will be dipped into live culture and can introduce contaminants from the outside, or can contaminate you with organisms from the culture.  Never lay a pipette down on the bench.

4.
Dispose of used pipettes into a cylinder of disinfectant.  Do not lay them down on the bench even if they are not to be used again.

5.
At the end of an experiment, kill off all cultures and sterilise the glassware by adding disinfectant or by autoclaving, before putting it through the normal washing up process. Plastic petri dishes are disposed of by autoclaving to melt the agar and kill the organisms. They can then be discarded in normal waste.

6.
Mop up any spills of culture immediately with cotton wool or tissue soaked in disinfectant.

These aseptic precautions serve two purposes: firstly, all contaminant organisms are eliminated from the culture media, which may then be inoculated with the required organism to give the pure culture essential for any molecular cloning experiment; and generally, the experimenter is protected from contamination by the organisms he/she is culturing.  While the organisms which will be used in these classes are not highly pathogenic, it is good practice to handle them as if they were.  As careful scientists, you do not want to be responsible for the accidental release of a genetically engineered organism into the environment.  In addition, the cultures you are working with could become contaminated by a human pathogen acquired from you or one of your colleagues and therefore, must be disposed of carefully.

Culture media may be either liquid or solid, according to the purpose for which the culture is required.  Media solidified with agar ( a mixture of agarose and agaropectin) are used for the growth of single clones (colonies derived from the divisions of a single bacterium into daughter cells).  It is possible to measure the number of bacterial cells in a liquid suspension by diluting down to a level where there are approximately 1000 organisms per cm3 (ml), and then spreading 0.1 cm3 (0.1 ml) of the diluted suspension on to a plate of solid medium (commonly referred to as an agar plate).  Each of the 100 organisms or so will start to grow and divide and will give rise to a colony of identical daughter cells (clones).  The number of colonies can then be counted.  This technique can also be used to check the purity of a stock culture, since contaminants can often be recognised by their different colony morphology or colour.  Stock cultures are streaked out on to agar plates as a matter of routine in order to check that they are pure cultures.  Nutrient agar slopes are the most convenient means for the short-term maintenance of stock cultures, although in the long-term they are usually maintained frozen at -20oC in 15% glycerol, or as freeze-dried suspensions in sealed ampoules. 

Liquid cultures are the best means of growing large amounts of bacteria and for work in which it is necessary to measure the rate of growth of organisms (using turbidity as an index of growth).  Aerobic organisms generally have a high demand for dissolved oxygen and this means that cultures must be vigorously shaken to give sufficient aeration.  Small liquid cultures are also used to grow up sufficient bacterial cells to carry out small scale plasmid preparations.

PRACTICAL WORK

Devising a plating strategy to carry out an initial identification of some unknown genetically modified bacteria.
You will be provided with four sterile Eppendorf tubes containing cultures of genetically modified bacteria.  These will be marked A, B, C and D.  Pages 8 to 10 in this practical manual contain information on how you might go about trying to carry out an initial identification of these strains.  You will notice that they either carry different antibiotic resistance markers, grow best at different temperatures or express other easily identified reporter gene products.


You will be provided with a selection of agar plates as follows:

Ampicillin at 25 (g ml-1
Kanamycin at 50 (g ml-1
Not all bacteria will be able to grow on all plates as they are resistant to different antibiotics.

You should construct a Table which will allow you to identify which bacteria can grow on which plates (see example below)

TABLE 1

Type of plate


Bacteria which will grow

-------------------------------------------------------------------------

Ampicillin

Kanamycin

Ampicillin/X-gal

In order to prepare plates that will allow detection of E. coli/pUC18 you will need to modify some of the plates containing ampicillin.  You can do this as follows:

Try to carry out the following procedures without entirely removing the lid of the Petri dish as you want to minimise any possible contamination from airborne bacteria and spores.  Onto the middle of the dishes (nutrient agar containing ampicillin) add 20 (l of X-gal solution and 20 (l of IPTG solution and then immediately spread these over the surface of the agar using a sterile, bent Pasteur pipette.  One pipette can be used to spread the solutions over several dishes.  Leave the dishes undisturbed for about 10-20 minutes to allow the solutions to absorb into the agar.

Samples from each of the tubes of unidentified bacterial samples can now be plated out onto the various agar plates.  You are supplied with 100(l of bacterial sample. Add 900(l of phosphate buffered saline (PBS) to each bacterial sample and mix the contents of the tubes by vortexing.  For each plate that you wish to spread with this sample, pipette 100 (l of this dilution onto the plate and spread out over the surface of the plate as described for the X-gal and IPTG. 
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NOTE: It is possible to plate out two bacterial samples on the same plate by drawing a line down the middle of the plate and pipetting 50 (l of sample on one half only.  In the same way, the plate can be marked in quarters to allow plating out of four bacterial samples on each plate, remembering in this case to spread out only 25(l of sample on each quarter of the plate. Care needs to be taken when spreading out the sample to make sure that each sample is kept at its own side of the line. An alternative to using a sterile glass Pasteur pipette as a spreader would be to use sterile plastic loops or sterile cotton buds to carefully streak out the bacterial samples.

Each plate that you spread should be labelled carefully with your name and the sample on the same half of the dish that the agar is in (the lids can always be swapped round accidentally).  If you wish any of your plates to be incubated at 37oC instead of 30oC, ensure that they are placed in the correct incubators which are to be found in the side rooms at the other side of the corridor from the teaching labs.  Each incubator has its temperature clearly labelled on the door. Remember that plates must be incubated upside down to prevent condensation from the lid dropping onto the agar.

SESSION 2

Initial identification of bacterial strains
Collect the plates which you inoculated last Monday (these were incubated overnight for you and then stored at 4oC until today).  Using the information on the antibiotic resistances and detection of the expression of reporter genes which you have in the manual, deduce which bacterial samples are likely to be which.  If you are not sure about this, ask your demonstrator.

Reminder:
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Bacteria which contain the ß-galactosidase gene (lac ZY on the plasmid pUC18 in E. coli) will appear as blue colonies on the ampicillin/X-gal agar plates.

SYMBOL 183 \f "Symbol" \s 10 \h
Bacteria which contain the bioluminescence-conferring lux A and B genes will bioluminesce if you take the plates into a dark room and add 1 (l of the substrate do-decylaldehyde to the underside of the Petri dish lid.  Replace the lid and then you will need to wait for about 5-10 min in the dark to accustom your eyes to the dark before the bioluminescence becomes obvious.  If the lux reporter genes are carried on a plasmid, you may be able to deduce this by the fact that there should be a much higher level of bioluminescence as there are many more copies of the genes present on the multicopy plasmid.  In contrast, there is only one copy of the lux AB gene cluster in the chromosomally marked strain which will result in a much lower level of gene expression.

SYMBOL 183 \f "Symbol" \s 10 \h
Bacteria which contain the xylE chromosomal marker will produce yellow colonies when the plate is sprayed with a 1% solution of catechol.

It will help if you draw out a table with the nature of the plating medium down one axis and the expression of reporter genes on the other.  This will enable you to narrow down the identity of the bacterial samples.

In order to confirm your initial identification, you will need to carry out plasmid DNA preparations from each strain.  Two of the samples have been labelled on the chromosome and so they should not yield any plasmid DNA whereas the other two strains have well characterised plasmids which you will be able to identify by restriction mapping.

Prepare for the plasmid preparations as follows:

1.
Select a discrete colony from each sample plate using a sterile toothpick and inoculate 5 ml of LB medium (in 15 ml sterile capped tubes) containing the appropriate antibiotic.  Label these clearly (e.g. with your initials and sample identifier.

2.
Place the inoculated tubes in the rack provided in the shaking 37oC water bath and they will be incubated for you overnight.  These will be returned to you tomorrow.

SESSION 3

Preparation of plasmid DNA from recombinant bacteria

Collect your overnight cultures from the incubator or rack and proceed with the isolation of plasmid DNA as follows:

1.
Aliquot 2 x 1.5 ml from each of the overnight cultures into two sterile Eppendorf tubes carefully labelled.

2.
Pellet the cells by centrifugation in the microfuge for 30 sec.

3. 
Discard the clear supernatant into the waste beaker provided and resuspend the cells carefully in 90 (l glucose/EDTA/Tris buffer solution (this solution will stabilise bacterial protoplasts).

4.
Vortex to mix and disperse the cells (or draw up and down into a pipette tip). It is important to ensure that the cells are fully resuspended at this stage and not still in large clumps. Add 10 (l of lysozyme solution which will degrade the bacterial cell walls.  Mix gently by inversion and allow to stand at room temperature for 5 min.

5.
Add 200 (l SDS/NaOH solution to each tube, mix well by hand and place on ice for 5 min. This procedure lyses the cells and denatures the nucleic acids and proteins.

6.
Neutralise the mixture by adding 150 (l of ice-cold 3M KAc pH 4.8 (potassium acetate) to each tube and mix by gently inverting the tube 6 times.  This helps prevent shearing of the DNA.  Place on ice for 5 min to allow the smaller and less complicated plasmid DNA to renature whilst the chromosomal DNA remains denatured.

7.
Pellet the chromosomal DNA and proteins by centrifugation for 5 min and remove 400 (l of the plasmid-containing supernatant to a fresh, clean, labelled Eppendorf tube, taking care not to disturb the pellet.

8.
To each tube add 400 (l of phenol/chloroform, mix by inverting the tube several times and separate the phases by centrifugation for 2 min. NB Take care at this stage that you do not spill any phenol and that you firmly close the lid of the Eppendorf tube prior to inverting. Keep your finger over the closed Eppendorf tube lid to prevent it suddenly popping open.  If you do spill some phenol, mop it up immediately with tissues.

9. Transfer the aqueous supernatant carefully to fresh tubes and estimate the volume. 


Add twice this volume of ice-cold ethanol, mix by vortexing and allow to stand at 


room temperature for 2 min to allow the plasmid DNA to precipitate.

10.
Centrifuge for 5 min to pellet the plasmid DNA.  Remove the supernatant using a pipette tip, being careful not to dislodge the pellet. 

11.
Wash the pellet by the addition of 1 ml ice-cold 70% ethanol, vortex briefly and centrifuge for 5 min as before.

12.
Remove all the supernatant. To help remove all the ethanol you can give the tubes a brief (10sec) spin and then use a yellow tip to remove the last drops of ethanol, taking care not to disturb the pellet. Finally, dry the pellet by leaving tubes with lids open on the bench (or in 37oC water bath) for 15 mins. 

13. Finally, resuspend the pellet from both tubes of each sample in 20 (l TE buffer containing 20 (g pancreatic RNase ml-1.
Restriction enzyme digestion of prepared DNA
You have now prepared DNA from your recombinant bacteria and you should have a good idea of which strain is which.  You can now confirm their identity by analysing the plasmid DNA that you have prepared.  Remember that the bacterial strains which have been marked on the chromosome will not yield any identifiable plasmid DNA from the protocol that you have used.  Only those bacteria which contain the plasmids will have yielded plasmid DNA.

By using the information on the plasmid DNA molecules given in Figures 1 and 4, chose a restriction enzyme that will allow you to cut each plasmid once.  This will allow you to size the plasmid molecule quite accurately by running it on an agarose gel which has size markers loaded on at the same time.  You have also been provided with samples of pure plasmid of pQF70/19H and pUC18 which you can use as control samples to further aid in your identification.  These are provided in Eppendorf tubes either marked pQF or pUC at a concentration of 0.25 (g ml-1 in TE buffer.  These plasmids should be subjected to the same restriction enzyme digestions as those you perform on the samples you have prepared.

Set up tubes for restriction enzyme digests for each sample that you have as illustrated in Table 2.

TABLE 2

Tube no.
DNA sample

Restriction

TE Buffer
Enzyme






enzyme buffer

---------------------------------------------------------------------------------------------------



10 µl


2 µl


7 µl

1 µl

Incubate the tubes at 37oC for 60-90 min.  While the digests are incubating, prepare the agarose gels as described below.  Once the digests are complete, remove the tubes from the water bath and place on ice.  Prepare sample tubes for analysis of fragments for gel electrophoresis for each sample by removing 10 (l of the restriction enzyme digests above and making up as follows.

TABLE 3

Tube no.
Sample



Tracking dye

-------------------------------------------------------------------------------



10 µl digest



5 µl

Analysis of insert DNA by agarose gel electrophoresis

While your samples are digesting you can prepare an ethidium bromide-containing agarose gel and allow it to set (~30 min.) when it will appear opaque.  Remove the end barriers (either sellotape or acrylic dams depending upon the apparatus you are using) and place the gel in the gel tank.  Just cover the gel with the buffer provided.  If you add too much buffer, the gel will run very slowly as you are providing the current with a much easier route from the cathode to the anode via the excess buffer rather than travelling through the gel.  The gel is now ready to accept samples.

CAUTION:
There is ethidium bromide in the agarose gel mix and in the gel electrophoresis buffer.  Remember that ethidium bromide is potentially carcinogenic and be sure to wear gloves etc.  Refer to the Experimental Precautions section if you are unsure.

Once your samples have digested prepare them for electrophoresis as described in Table 3. Ensure that the solution in the tube is collected at the bottom of the tube by placing in a microfuge and centrifuging for about 5 seconds.  Your samples can be loaded onto the gel when it has set and been placed in the gel tank with buffer.
The DNA size markers which you will be using are a 1Kb DNA ladder (the bands of the ladder each contain from 1-12 repeats of a 1018 bp DNA fragment). In addition to these 12 bands, the ladder also contains vector DNA fragments that range from 76 to 1636 bp. These markers are already prepared with loading buffer for you so they are ready to load (use 10l). The sizes of the bands you may see are as follows:





Fragment


 Size (base pairs)






1



12,216






2



11,198






3



10,180






4



 9,162






5



 8,144






6



 7,126






7



 6,108






8



 5,090






9



 4,072






10



 3,054






11



 2,036






12



 1636






13



 1,018






14,15



506/517






16



  396






17



  344






18



  298

Note: It is unlikely that you will see all these bands - the largest bands in particular will not be seen as separate bands. The bands marked 14,15 above are usually seen as a single bright band, rarely as a true doublet. In fact the best way to orientate your gel is by the 506/517 “doublet” as this band is the brightest of the low molecular weight bands on your gel. If in doubt ask your demonstrator.

Make sure all of the sample solution is well mixed and collected in the bottom of the Eppendorf tube  and then load 10 (l of each of the samples in turn to separate wells in the agarose gel.  If you are unsure about loading the gel, use one of the spare lanes to practise loading some marker dye.  Make a careful note of which sample has been loaded into which lane.

Check that the polarity of your electrophoresis apparatus is correct (normal) and that the cathode (-ve) is applied to the end nearest the samples.  Electrophorese the samples until the blue marker dye is between 1-2 cm from the end of the gel.  This should take approximately 45 mins.  The DNA fragments can then be visualised under UV light and a permanent record can be obtained by taking a photograph of your gel.

CAUTION:
Only handle the gel with gloves as it contains ethidium bromide and always wear eye protection when viewing samples under UV light.

QUESTION:
Why do DNA samples always move towards the anode (+ve electrode)?

What are the gases being evolved at the two electrodes?  Clue - note that there is twice

as much gas being evolved at one electrode.

Work out the sizes of each of the fragments produced upon the digestion of the vector DNA by plotting a graph of log fragment size (base pairs) against distance migrated (mm).

Compare the actual size obtained for the plasmid DNA samples with the expected sizes which can be worked out from the maps of the vectors given in Figures 1 and 4.

QUESTION:
Can you explain what each band represents on the agarose gel?

Analyse your results from Sessions 1-3 carefully and identify which bacterial strain was which.  Make sure that you do this before the next practical session.

SESSION 4

Tutorial on practical and the practical report.

SOME GUIDING NOTES ON WRITING LABORATORY REPORTS

1.  Head all reports with your name, the name of the course and a title, also include the date and your partners name.

2.  The report should have an Introduction clearly stating the aims of the experimental work in your own words.

3.  There should then be a Methods section, if appropriate, outlining changes you made to the methods outlined in the manual. 

4.  There should then be a Results section which should not include a reiteration of the methods in the manual, although these may be referred to. This section should include gel photographs (properly annotated), calibration curves and any relevant calculations. You should also include answers to the questions asked in the manual and should include a statement of the identification of the four bacterial strains you were provided with at the beginning of the practical class and your justification for each identification.

5.  This should then be followed by a Discussion section in which you should interpret your results fully. You should use the discussion section to convey your understanding of the practical class e.g. what all the bands were on a particular agarose gel, what you expected to obtain, what you actually obtained and why this may have happened etc. Include a discussion of what other techniques and experiments you could have used to further confirm the identity of the bacterial strains had you had extra time and resources.

6.  There should the be a References list (if you refer to any papers or books in the text of your report).

Take care to present your report and use a word-processor, if possible. Remember that it is conventional to use the past tense in such reports.

IMPORTANT NOTE:  Use this Session to discuss your results with your demonstrator and make sure that you understand what has been going on throughout the practical classes and that you can explain the results that you obtained.  If you have any doubts about how you should write up your practical report, now is the time to ask.

INSERT GRAPH PAPER SHEET HERE

PAST EXAM PAPERS

COURSE EVALUATION

COURSE EVALUATION FORMS

On the following pages you will find:


1.
A photocopy of the University Course Evaluation Form.

An original, computer-readable University form will be handed to you just before the completion of the course.

You should complete the photocopy as you progress through the course, so that it will be easy for you to score the computer-readable forms later.  

The comments that you make on these forms are taken very seriously by the Course Supervisor, the Head of Department and the University, so it would be very much appreciated if you could set aside some time to fill in the forms constructively.

Thank you for your contribution to this task and I hope that you enjoyed the course.

C K Pearson (Level 3 Co-ordinator)

COURSE EVALUATION FORMS

To assist in the development and future operation of courses, the University seeks your views on the effectiveness of  the teaching-learning process. A University Course Evaluation Form is used to gain  information about how you viewed the process in general: essentially the same form is used for all courses at all levels. 

A sample copy of the form is contained in this Section. Because it is a photocopy, it cannot be processed by computer for analysis, and so it is there for guidance only. Computer-readable originals of the form will be given out towards the end of the course. In the meantime, we suggest that you use the dummy University Course Evaluation Form to “score” the various blocks of lectures, tutorials and practicals as you go through the course. In this way you will be able to record your impressions before they fade too much! 

Bear in mind that we would also like written verbal comments about the element(s) of teaching. We are very keen to know both what you liked and what you did not like regarding any particular aspect of the course. If you wish to criticise something it would be helpful to have specific comments regarding what you think is wrong and suggestions for improving that aspect.

The comments you make will be collated and discussed at a Student-Staff Liaison Committee meeting, at which your Class Representatives will be present and asked for their views. At that meeting, the proceedings of the corresponding meeting for the previous academic year will be reviewed, so that progress made in course development as a result of previous student comment can be checked. The minutes of the meeting for the current session will be posted on a communal class notice-board. The Head of Department has to report to the University Academic Standards Committee on the results of the student evaluation of each course run by the Department.

Your comments, then, are taken seriously, and the Department’s reaction to them is monitored - in part by the succeeding generation of students. For a more immediate response, we encourage you to make critical (or other) comments, if you have them, directly to a member of the teaching staff, to the course supervisor, or to a class student representative - whichever seems the most appropriate.

We hope that you enjoy the Molecular Biology course. Thank you for contributing to its evaluation.

COURSE EVALUATION FORMS

DEPARTMENT OF MOLECULAR AND CELL BIOLOGY

MB3002 MOLECULAR BIOLOGY OF THE CELL

COURSE EVALUATION:  Action taken after analysis of course evaluation forms

A meeting will be held, usually within 2 weeks after completion of the course, to discuss the staff view of the course and the student response to it.  People invited to the meeting will include the course supervisor, the year co-ordinator, staff teaching on the course, the Head of Department and the class representative.

The course supervisor presents his/her analysis of the University course appraisal forms and the year co-ordinator does the same for the departmental forms.  Student criticisms are highlighted and plans made on this basis to implement changes to the course for the following year.

A summary of the conclusions of the meeting, including proposed changes to the course, will subsequently be posted on the noticeboard for public scrutiny.
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