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Recommended Reading List and Supplementary Material 

Tools for simulating cell signalling networks will be useful for you. You can play with them and get a feeling for some of the dynamics involved. Two such tools are 

1. Uppinder Bhalla’s site which contains GENESIS/Kinetikit which allows the graphical construction and simulation of reaction networks http://www.ncbs.res.in/~bhalla/ltploop/index.html 
2. Cellerator for mathematica which allows the text based construction of reaction networks. http://www-aig.jpl.nasa.gov/public/mls/cellerator/nb.html 

Both these tools come with a repository of models, some of which I have used in the lectures. 

For an excellent general introduction please look at H.M. Sauro’s paper below… 

http://www.informatics.indiana.edu/schnell/papers/pbmb86_5.pdf 

and perhaps even better is Tyson’s paper… 

http://jigcell.biol.vt.edu/Pubs/Tyson03.pdf 

Also, see this nice lecture, probably better than mine… 

http://66.102.9.104/search?q=cache:XGduz6cgAi0J:wwwtest.bioinformatics.ed.ac.uk/twiki/pub/CsbCourse/CsbLectureNotes/CSB_lecture_14_dynamic_signalling_and_gene_expression.ppt+tyson+perfect-adaptation&hl=en&ct=clnk&cd=5&gl=uk 

Bistable Switch
My mathematica file for simulating a bistable switch is available online at 

http://www.cogs.sussex.ac.uk/users/ctf20/dphil_2005/otherresearch.htm 

You should try to model the same switch in your favourite programming language, perhaps Matlab. 

Phosphorylation Cascades
See. The Computational Versatility of Proteomic Signaling Networks. Herbert M. Sauro. available here 

http://www.bentham-mps.org/1-1/cp1-1/Herbert%20M.%20Sauro.pdf 
See. Ferrell, Jr., James E.  "Tripping the Switch Fantastic: How a Protein Kinase Can Convert Graded Inputs into Switch-Like Outputs", Trends Biochem. Sci.  volume=21: 460-466. (1996). 

A good source for computation by phosphorylation networks is Walter Fontana’s lecture available here… 

http://fontana.med.harvard.edu/WWW/Documents/WF/Lectures/SB101/SB101_11.wf.pdf 

Two-Component Networks and Cross-Talk

Signal Transduction in bacteria: phospho-neural network(s) in E.Coli., K.J. Hellingwerf

and P.W. Postma and J. Tommassen and H.V. Westerhoff. FEMS Microbiology Reviews

(1995) 309-321. 

See. Bacterial observations: a rudimentary form of intelligence? Klaas J. Hellingwerf. TRENDS in Microbiology Vol.13 No.4 April 2005
at http://star.tau.ac.il/~eshel/Bio_complexity/11.%20Swarming%20Intelligence/Bacterial-Intelligence.pdf 

Investigation of in vivo cross-talk between key two-component systems of Escherichia coli Danie$ l T. Verhamme, Jos C. Arents, Pieter W. Postma, Wim Crielaard

and Klaas J. Hellingwerf. Microbiology (2002), 148, 69–78 

at

http://mic.sgmjournals.org/cgi/reprint/148/1/69.pdf 

Oscillators

The Represillator. See Elowitz MB, Leibler S (2000) A synthetic oscillatory network of transcriptional regulators.Nature.403 : 335 – 338

Learning and Memory 

See Kandell and Schwartz “The Principles of Neural Science” for an excellent general introduction, and my paper… at 

http://www.cogs.susx.ac.uk/users/ctf20/dphil_2005/Hebb.htm  

for the speculative stuff about possible intra-cellular implementations of Hebbian learning that we should try to look for. 

Read this paper on phenotypic plasticity in protein networks for some interesting ideas…

Rewiring cell signaling: the logic and plasticity of eukaryotic protein circuitry by John E Dueber, Brian J Yeh, Roby P Bhattacharyya and Wendell A Lim  

http://www.ucsf.edu/limlab/papers/jed_2004.pdf
Logic Gates in Gene Transcription Networks

See the paper “On schemes of combinatorial transcription logic”  by Nicolas E. Buchler, Ulrich Gerland, and Terence Hwa* for a description of how logic gates can be implemented in gene transcription networks. http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=404558&blobtype=pdf 

See also Transcriptional regulation by the numbers: models by Bintu et al at 

http://www.rpgroup.caltech.edu/publications/bintu2005a.pdf 

for the mathematics of how to model the interactions between transcription factors at the promotor that regulates the rate of gene transcription. 

Evolving Cell Signaling Networks In Silico

Read “Computer Simulated Evolution of a Network of Cell-Signaling Molecules”

Dennis Bray* and Steven Lay. (1994)  

At… http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1275804&blobtype=pdf 

Read Design of genetic networks with specified functions by evolution in silico

Paul François, and Vincent Hakim.  PNAS (2004) At… http://www.pnas.org/cgi/reprint/101/2/580 

And… “In silico evolution of functional modules in

biochemical networks”. By S.R. Paladugu, V. Chickarmane, A. Deckard, J.P. Frumkin, M. McCormack and H.M. Sauro, at… 
http://www.informatics.indiana.edu/schnell/papers/ieepsb153-223.pdf 
Bacterial Chemotaxis

References to many of the papers on bacterial chemotaxis are available on this page on my website. I highly recommend you read some of these papers and understand thoroughly how bacterial chemotaxis works, and how models have influenced our understanding of it. Some of the papers need the password and username “papers” to be accessed. 

http://www.cogs.susx.ac.uk/users/ctf20/dphil_2005/CSNs.htm 

For an excellent introduction read…

http://www.aip.org/pt/jan00/berg.htm 

and see the excellent lecture and resources on chemotaxis here.. 

http://www.rpgroup.caltech.edu/courses/aph161/2007/ 

See the following lecture for a list of models of chemotaxis… Take a look at some of these and try to make your own program to model perfect adaptation. I expect you to look at some modelling papers on chemotaxis, i.e. Bray’s 1993 model and the Barkai & Leibler (1997) model. I will not talk about the Bray model in detail in the lecture. 

http://www.bioinfo.sfc.keio.ac.jp/research/poster2003/03_yuri_ieca.pdf 

See Dennis Bray’s group and read his papers…

http://www.pdn.cam.ac.uk/groups/comp-cell/ 

in particular see this first computer model of chemotaxis that did not capture perfect adaptation. 

http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=300951&blobtype=pdf 

Also see his list of unexplained issues about E.Coli chemotaxis. 

· http://www.pdn.cam.ac.uk/groups/comp-cell/Questions.html 

They have a simulator BCT for Mac, for simulating chemotaxis. I suggest you download that and play with it

http://www.pdn.cam.ac.uk/groups/comp-cell/BCT.html 

See a recent paper using the BCT program below

http://www.pdn.cam.ac.uk/groups/comp-cell/Papers/Bray07.pdf 

I’d like you to read some of the literature on chemotaxis and involve yourself in some of the outstanding problems. This is an important topic. 
It is interesting that there are individual differences in swimming styles between genetically identical bacteria. Here is a paper that looks at this…Origins of Individual Swimming Behavior in Bacteria by Levin et al (1998). 
http://www.biophysj.org/cgi/reprint/74/1/175 

