




Project 1
In the course CENG364, students are required to undertake a project which comprises two parts (1(a) and1 (b)). 
The overall aim of this project is for students to  understand how  quantitative chemical engineering approaches can complement the development of molecular and cellular mechanisms / processes by life scientists and, in particular, how the mechanisms can be tested and the major factors affecting the outcomes of the mechanism examined quantitatively.

Project 1(b) requires students to identify and important molecular or cell function which is described in sufficient detail to allow a PolyMath model to be developed. You will use published mechanisms and kinetic expressions and typical experimental values of, for example kinetic constants, intermediates concentration etc, in the development of the model. The model equations will be obtained from a published source (book, journal paper, web page etc). Only web pages with verifiable published sources may be used.
Project 1(b) is intended to be a simulation with time as the independent variable. The project may investigate non-steady state or steady / equilibrium conditions.
Consequently, the model will consist of a number of differential equations, related constants and / or numerical expressions. PolyMath will be used in this project , and the educational version available in the Computer barns at HKUST and the limit of the number of variables and constants for this version is 300 and 100 respectively. It is NOT intended that the project be either trivial (too few equations) or too complex (too many equations). For this reason, as a general guide the number of equations should be limited to around 10-20 equations. 

Project 1(a) and 1(b) are linked since the first part of the project (Project 1(a)) requires students to investigate the analytical equipment necessary to obtain information on the molecular and cellular mechanisms modeled in Project 1(b). Specifically, Project 1(a) will examine the theory, operation, output selected, accuracy and other relevant aspects of the selected analytical equipment.
Both parts of the Project require students to identify an important molecular or cellular process that is adequately understood. This identification phase should be done by March 17th .  This will leave the remainder of the semester  to finish the projects which will be due at the end of the semester (Monday May 17th by 3pm ,handed to Mr Mok in the CENG Administrative Office). 
Technical support for these projects will be available during the tutorial sessions as well as by direct discussion with the course instructor by email or by appointment.

When students have identified a suitable topic for their project, they should email Professor Barford (barford@ust.hk) to obtain his approval of the topic. This should be done no later than March 12th 2010.
The email should include the following information:

1. Student Name

2. Proposed Molecular or Cellular Mechanism to be Examined in Project 1(b)
3. What are the important aspects of the mechanism (variables) that will be examined and what constants will be varied in doing so? Why were these chosen? – please explain why these are central to the operations of the mechanism and how they are important in understanding the molecular and cellular consequences of the mechanism. How will such a model assist us in the further understanding of the molecular and cellular mechanisms
4. The number of differential equations and constants
5. Proposed List of Instrumentation to be included in Project 1(a)

6. Brief description of how the (2) and (3) are related (that is, why the instrumentation is necessary to help elucidate the mechanism of the cellular process being examined
7. Reference source for the model and model equations and parameter(s) values (This should be scanned and sent if not available electronically). This will enable Professor Barford to assess the suitability of the project topic with respect to the information available related to the cellular process chosen and the instructions outlined above.
To make these projects less time consuming for individuals and allow more input to individual projects, the project will be done by teams of two students:
	GROUP 1 CHAN Ka Ki, Chan Man Yik

	GROUP 2 CHAN Monlie, HUI Ngai Yee

	GROUP 3 KWAN Yuk Man, LAI Chui Shuen

	GROUP 4 LEUNG Cho Chak Joe, LEUNG Ka Yan

	GROUP 5 LO Chi keung, TEOH Chenn Yih

	GROUP 6 WONG Pui Shan, WONG Wai Yng

	GROUP 7 WONG Yin Ho Leon, XIAO Jiayi

	

	


This project pairings are taken from the course enrolment list. If students wish to swap groups, this will be permitted as long as the overall result is that all students affected by the swapping have a project partner and that their project partner is acceptable to them. If this cannot be achieved, then the original assigned pairings will stand.
Any swapping should be done by March 12th. When students have undertaken any swapping of groups, they should email Professor Barford (barford@ust.hk) to obtain his approval. In the email, they should have the names of all students affected and a statement that all students have agreed to the arrangement.

From our Introductory Lecture:

Project 1(a)
To understand systems at a molecular level, often very sophisticated experimental measurements need to be made using sophisticated analytical and bio-analytical equipment. This course will NOT be covering such equipment and methods.

However, a project will require students to select a major piece of analytical/bio-analytical equipment and then to describe the theory of it and its application in helping to elucidate reaction mechanism such as receptors, ion channels, signalling, glycosylation pathways etc.

Project 1(b)
Molecular and Cellular Processes (by Student Assignment)

You have undertaken some study of these aspects already, so the fundamental concepts and mechanisms will not be covered again. Instead, students will be asked to select a molecular or cellular process and to use the fundamental mechanisms of them to develop a computer model (in Polymath or Matlab), to describe this and to show how such an analysis can be used to increase our understanding of the process.

Project Requirements:
Project 1(a) and Project 1(b) will be handed in together as one composite overall report.

On the first page of the report (not included in overall page count), there should be the Project Titles, Student names and a signed declaration by both student as follows:

We, Student Name (1) (insert name) and Student Name (2) (insert name) declare that this report contains our combined efforts and that both of us have contributed equally to the report in all aspects of its preparation.
Our major individual contributions are:

Student Name (1)

Contribution 1

Contribution 2

etc

Student (2)

Contribution 1

Contribution 2

etc

Project 1:

15 page (maximum) written report (typed in Word format)

The report should include:

Description of the Equipment 

What does the Equipment measure?

How do these measurements relate to elucidating the mechanism of the molecular or cellular process chosen for Project 1(b)?

What is the theory relevant to the operation of this equipment?

What is the accuracy of this equipment?

References should be fully documented and photocopies of major source material attached as an Appendix.

15 slide (maximum) powerpoint file (describing the major points in the written report).
This presentation should be emailed to Professor Barford barford@ust.hk) by the end of the semester (Monday May 17th by 3pm).
Project 2:

15 page (maximum) written report (typed in Word format)

The report should include:

Description of the Molecular or Cellular Process

What is the accepted mechanism?

What are the kinetics and model expressions use to describe this mechanism??

Model Code (soft copy and hard copy)
Typical Output

Application of the Model (that is, a demonstration that the application of the model can assist in understanding the process). This requires simulating under a number of conditions and making a comparison and evaluating/analyzing the outcomes.

15 slide (maximum) powerpoint file (describing the major points in the written report). 
This presentation should be emailed to Professor Barford barford@ust.hk) by the end of the semester (Monday May 17th by 3pm).
Source Material For  Project 1 and Project 2

The sources of information available for these projects are extensive. They can be found in books and journals in the library and by searching the web. 

In addition, in previous courses (e.g. Biology, Biochemistry), you may have been introduced to mechanisms in a non-quantitative way – for example, cell cycle, cell signaling etc. There is the opportunity to investigate these mechanisms quantitatively and understand how chemical engineering approaches can complement the development of molecular and cellular mechanisms / processes by life scientists and quantitatively examine the outcomes of varying various variables and constants.
Students are given the freedom to select a molecular and cellular mechanism of interest to them.
Below are some examples:

Journal Articles:

The following papers are examples of journal articles containing sufficient description of the molecular and cellular processes occurring and a detailed mathematical description allowing a computer model to be generated. They also contain experimental work which can be compared to model output:

Bibila, T.A. and Flickenger, M.C. (1992) “Use of a Structured Kinetic Model of Antibody Synthesis and Secretion for Optimisation of Antibody Production Systems: 1 Steady State Analysis”, Biotechnology and Bioengineering, 39,251-261.

Bibila, T.A. and Flickenger, M.C. (1992) “Use of a Structured Kinetic Model of Antibody Synthesis and Secretion for Optimisation of Antibody Production Systems: 2 Transient Analysis”, Biotechnology and Bioengineering, 39,262-272.

Bibila, T.A. and Flickenger, M.C. (1991) “A Model of Interorganelle Monoclonal Antibody Transport and Secretion in Mouse Hybridoma Cells”, Biotechnology and Bioengineering, 38,767-780.

Bibila, T.A. and Flickenger, M.C. (1991) “A Structures Model For Monoclonal Antibody Synthesis in Exponentially Growing and Stationary Phase Hybridoma Cells ”, Biotechnology and Bioengineering, 37,210-226.

Books:

Douglas A Lauffenburger and Jennifer J. Linderman, “Receptors”, Oxford University Press, 1996

J.T. Handcock, “Cell Signalling”,Prentice Hall,1997

Web-Sites:

http://www.ebi.ac.uk/biomodels/
