Including a brief 1, description of the project, 2, the rationale, 3, available information, their specific project objective, work/experiments/part construction needed, time line of the work, milestone, expected final deliverable by mid September, significance, extended direction beyond the competition, etc.  The due time is Friday 5:00pm, HKT,

Randomness, Memory and Spatial Oscillator
Project Description:
The project is composed of three sections. Randomizer, which could give one of the two possible outputs randomly and infinitely times at single cell level, Memorizer, which could specifically memorize the last input and compare it with the current input to give out XOR calculation, while forgetting the input before last, and Spatial Oscillator, which facilitates cell to migrate back and forth between two chemical gradient autonomously.
Randomizer and Memorizer can be combined to generate a gambling machine(老虎机), when two concessive random signals were produced. The memorizer can tell you whether the two signals are the same or not and decides whether to give you Bingo bonus. Meanwhile, theoretically, multiple memorizers can be combined to form a random binary digit generator, which is also a random number generator.
Randomizer and Spatial oscillator can be combined to generate a moving pattern from 2 dots to 5 stripes, while spatial oscillator, combined with quorum sensing and motility control, can form automatic oscillation pattern.
If three sections combined together, we may able to observe a moving pattern in a rainbow form, Randomizer + Spatial oscillator could give you A B C A B stripes, while final assembly can have A B C D E stripes.
Cutline: all the circuits below will follow these pattern
[image: image1.jpg]Fig1. Bistable Switch

Cl34 Ter

NOR Gate




[image: image21.png]


[image: image22.png]®30-cemst
430-ClausL
® bnhyarotetracyciine

1 Operon 6 * artinose

| “Operons

Figure 5.1. Diagram of genetic circuitry of the proposed bi-stable
switch system
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In order to test the success of our circuit design, immotile sender

cells are inoculated on an agar plate with receiver cells at various
distances. Homoserine Lactone produced by the sender cells then
diffuses allowing a restoration of motility within the receiver.
In one motility assay (figure 6), the receiver colony placed closest to
the sender cells became motile, swarming with the diameter to be
approximately double of the farther away colonies. A negative control
with no sender cells to induce motility did show some level of
motility. In an alternative setup, receiver cells were placed at various
distances in an arching pattern away from the sender cell (figure 7).
Receiver cells exhibited a level of motility inversely related to distance
from sender.
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Motility Control

A deletion of mot8 from the
chromosome, with an inducible
capy in the plasmid has been
shown to allow restoration of
motility in an averzge of 10
minutes?,

MotB acts as a proton pump
coupling proton motive force
to torque generation, and is
one of the last proteins in the
flagellum to assemble (figure
4). Cells lacking the protein are
unable to rotate their flagellum
and therefore cannot swarm.
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Part 1 Randomizer
Design and Rationale with related information
The core circuit design is as follows:
[image: image33.emf]
Two promoters locate adjacent to each other, so that the first RNA polymerase binding event could be random if two promoters have similar binding affinity. And this will generate establishing effect; one gene products will have higher copy number, which could effectively repress the neighbor promoter, and further induce its own expression, thus the optimal result is that either Blue or Red gene is dominated. 
Detailed molecular design
 1, background information
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*-35 and -10 are important sites for Polymerase binding, cI protein is generated by cI gene, which firstly binds to OR1, repress PR, and cooperatively bind to OR2 induce PRM thus its own production.
2, Peking 2007 project 
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In bistable switch part, they modify the PRM and PR promoter pair, in the following way,
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They claimed that even PRM can be self-induced, PR is still dominant, it is easy to be explained since 2 434op both function as repressor binding site, while only OR1 is for PR repressor binding. And more significantly, even in the dominant case, there are still cells expressing the weak promoter dominant phenotype. 
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In a way this circuit can give two distinctive states, green or red, but whether it is sequentially random (within one cell, whether different random events can have different output or always red/green) needs to be tested further. 
3, Comprehending the previous models, I design my own promoter pair:


cIλ                PR                   PRM        cI 434
                     434OR1  OR2434/λ OR1 λ
Advantages: 
1, OR2 engineered to be able to bind cI λ or cI 434, since OR1 is specific, whenever one cI is attached to its specific OR1, it will facilitate binding of OR2 of the same kind of cI, and self-induction, mutual repression can be achieved in a exclusive manner.
2, Promoter region is only 80 bp, which can be computer designed and synthesized easily.
Problems:
1, OR2 needed to be designed by ourselves, which needs to be able to bind both cI λ and 434, and OR1 and OR2 need also be able to facilitate cooperative binding, involving facing and spacing of DNA sequence.
2, If this promoter pair is constructed, there may be several outcomes
a)Only 1 promoter is dominant,
b)Two promoters reach equilibrium, within one cell, both sides expressed,
c)The first run is random, but after reset, cells always give the same output ( need to be tested)
*hypothesis a) and b) can be excluded by Peking team result in Page 2. Since either clear cut green or red colons can be observed, then a) is not true, and b) is not true either.
3, additional considerations, Ribosome binding site, also needs to be tested.
4, Chromosomal or plasmid since single copy is strictly required.
5, Whether DNA replication can influence the stability of random state. 
Construction and Test procedures:
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1, design 18 bp OR2 region, and synthesis the promoter part 
2, incorporate the promoter part into testing circuit above, with same RBS[image: image6.png]



3, using fluorescence microscope to see whether there is a proportion of cells in red, others in green
4, UV reset to destroy cI and cI434, focus on 1 cell to see whether it gives out random output
Refined model, (optional)
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According to Elowitz, the constitutive expression system has the least noise
[image: image8.emf]
So that for one reporter, if the repressor is absent, the expression level is least fluctuated, compared with the cI cistron under repression and induction.
This is optional, whether it is better or not can be tested using the above circuit, and the two promoter inverters are easy to be constructed, only to mutate the induction site and add more repression site.
In order to be integrated with memorizer, the RFP and GFP parts can be subsided with AD1 and AD2
Summary for part 1
 To DOs

 1, construct randomizer promoter pair: direct synthesis
2, reporter system for test, adopted from standard parts
3, promoter test
4,(optional) inverter promoters, RBS test.
Goal:

Create a device that can give real random output

Part 2 Memorizer

Design and Rationale with related information
1, Bistable switch
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This is a conceptual design for bistable switch, without external signal, the switch can reside in either direction stably, when repressor2 is expressed, promoter2 is repressed, if inducer2 is added, then promoter 2 is induced, producing repressor 1 which works to repress promoter1 and afterwards Repressor 1 is stably expressed. The switch is switched.
2, Two hybrid system
a) In yeast
Lacz is under control of promoter which is by default off.
BD fused with AD can function to activate promoter 

While BD can bind to UAS ( a DNA sequence)

     AD can interact with Transcription proteins
BD or AD alone has no effect on transcription

BD + AD (including compatible interaction fusion protein) can also activate expression

In E.coli

Similar scenario also exists in E.coli, there have already been multiple two hybrid systems in E.coli. There are several kinds:
	Class
	 classical
	Alternative classical
	Our targeted behavior
	Alternative solution

	O
	-
	+
	+
	-

	AD
	-
	+
	+
	-

	BD
	-
	++
	-
	- (neiboring) + self

	AD+BD
	++
	-
	++
	++ neiboring - self


#1, two promoters must be de fault on/ or induced by itself.
#2, BD should be stable, AD must be fast degradable.
3, XOR gate
	XOR Gate
	Truth Table
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	Input
	Output

	
	A
	B
	

	
	0
	0
	0

	
	0
	1
	1

	
	1
	0
	1

	
	1
	1
	0


The X in the XOR gate stands for "exclusive."  This means that the output from this gate will be a 1 ONLY when one or the other of the inputs is a 1.   Notice in the truth table that the output is a 0 if both the inputs are 1 or 0.   In other words, this is an either-or gate. 
Basic Design
Part 2-1 Bistable Switch
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Testing procedures:
 1, Test whether promoter can be turned up by AD+BD and turned off by BD alone.
   This can be easily tested by constructing constant expressed BD and controllable expressed AD, to see reporter gene expression level.
2, Test Bi-stability
   Construct the whole switch, AD1 and AD2 under tunable promoters, sequentially induce AD1 and AD2, followed by repression of both, to see whether switches can be switched and stable by observing two reporter fluorescence.
Advantages:
 1, first adopt two hybrid system to build up bistable switch, 
 2, AD and BD can have synergistic effect, a natural AND gate
 3, AD and BD form reporting system directly, which reduces intermediate steps.
Disadvantages: Promoter and AD/BD needs to be constructed or designed.
· If two hybrid alone can’t perform bistable switch, we may need to find two pairs of repressor and inducer to construct bistable switch, in that case, to have self synthesized inducer is really a problem, since it seems that AHL can be self-produced, but it will also diffuse out, which is undesirable in our model.
· For the AD-BD detailed design, I am still searching for past papers, I will come up with concrete molecules before June 30th.
Part 2-2 Reporter: infinite sequential XOR gate
Basic Design This part is quite straight forward:
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Since AD and BD functions by nature as an AND gate, which means they activate promoter only two both exist. Looking back at the bistable switch, we can observe that, when a new AD comes, for example AD1 comes, if BD2 originally exists in the cell, there will be no effect, and AD1 and BD2 can coexist, but if BD1 originally exists, there will be a switch, cell will switch from BD1 to BD2, and vice versa for a symmetric system.
So BD2 (BD1) works as memory molecule of AD1 (AD2), and if AD1 induces BD1 to switch to BD2 and stabilize the state, then it also induces BD1 at the reporting XOR gate circuits, which turns on the promoter, since BD1 will not sustain, so a self-induction (positive feedback) is needed to stabilize reporter gene. By the same analogy, the bistable switch in part 2-1 needs also be on without AD-BD activation
So the optimal output should be 
	State1 
	BS 1 
	State 2 
	BS2 
	output

	AD1 
	BD2 
	AD1 
	BD2- BD2 
	0

	AD1 
	BD2 
	AD2 
	BD2-BD1 
	1

	AD2 
	BD1 
	AD1 
	BD1-BD2 
	1

	AD2 
	BD1 
	AD2 
	BD1-BD1 
	0


XOR gate!!
Advantages:
AD-BD are naturally exist AND gate components, and two AD-BD pairs can form an OR gate and no interference would happen.
Additional attention: AD-BD self-activator needs to be unique to BD1 BD2 binding, thus won’t interfere with Bistable switch.
Construction and Test procedure:
Reporter gene can be separately constructed, with both controllable expression of AD and BD, and reporter can be tested
Summary
To Dos:
Part 2-1
1, Finding proper BD and AD system,
2, Test bistablity, switch character
Part2-2
      1, Assemble reporter gene 
      2, test OXR property by controlled AD BD expression
Goal: create a bistable switch with two hybrid system
Part1+Part2-1

 

*apart from UV light, other methods need also be considered for promoter clearance (reset)
Part 3 Spatial Oscillator:

Background information and rationale
 1, UCSF 2006 : a chemotaxis receptor switch constructed
  
6 standard biobrick parts make up 2 receptor cascade one sensitive to Phe the other to Asp
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The original designed circuit aims to generate a switch, which can switch only once under control of Ptrc. So if we replace the Ptrc with our randomizer, or bistable switch, then it will theoretically be able to switch back and forth.
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If the CheW and CheW’ are coupled with GFP and RFP, then when randomizing event start

1, cells spread on plate, some red some green. 2, cells of the same color swim to different centers respectively. 3 reset, some red cells turn green, some green cells turn red, 4 they migrate to the other center 5， they pass by each other 6, retain red and green centers
2. Penn State 2006
They use quorum sensing to induce motility

Well, whether reversible control of motility is still a big problem for us.

3. Cambridge 2006: two Quorum sensing systems constructed allowing bi-directional communication
To allow bi-directional communication we attempted to equip two types of cells with the genetic circuits described below. 
Cell type 1 would contain:


The genetic circuit described for cell type 1 would allow cells to produce 3-oxo-C6 homoserine lactone (HSL) and at the same time respond to 3-oxo-C12 HSL by producing RFP. 
Cell type 2 would contain:


The genetic circuit described for cell type 2 would allow cells to produce 3-oxo-C12 HSL and at the same time respond to 3-oxo-C6 HSL by producing GFP.


Cambridge bi-stable switch design.
Molecular mechanism of motion can also helps to design motility control
Figure 15-69. The two-component signaling pathway that enables chemotaxis receptors to control the flagellar motor during bacterial chemotaxis. The histidine kinase CheA is stably bound to the receptor via the adaptor protein CheW. The binding of a repellent increases the activity of the receptor, which stimulates CheA to phosphorylate itself on histidine. CheA quickly transfers its covalently bound, high-energy phosphate directly to CheY to generate CheY-phosphate, which then diffuses away, binds to the flagellar motor, and causes the motor to rotate clockwise, which results in tumbling. The binding of an attractant has the opposite effect: it decreases the activity of the receptor and therefore decreases the phosphorylation of CheA and CheY, which results in counterclockwise flagellar rotation and smooth swimming. CheZ accelerates the autodephosphorylation of CheY-phosphate, thereby inactivating it. Each of the phosphorylated intermediates decays in about 10 seconds, enabling the bacterium to respond very quickly to changes in its environment (see Figure 15-10).
By searching into literature, there are pretty clear protein networks for chemotaxis coupled motility, I believe that within a short period of time, a reversible control of motility can be achieved.

Basic circuit design for spatial oscillator:
1, change the original chemotaxis receptor promoter to a bistable switch, by adding inducers, oscillation can be achieved primarily:
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While in order for autonomous oscillation, more elements need to be added.
2, autonomous-oscillation model
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Although it seems that bistable switch here becomes an oscillator, what I am worried about is the bistable switch is no longer bistable. Receptor/moving direction may be uncoupled with the oscillation pattern, which means that the period for cell to move one round may not be the same length as the period for cell to oscillate 1 circle.
 From Cambridge 2006, we could apply 2 AHL systems to generate a bistable switch with/without autonomous oscillation
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 1, Whether the model can oscillate needs further simulation and testing.
 2, Since both LasR and LuxR repression are leaky, so that additional repression may be needed as was indicated in Penn state 2006 and Cambridge bistable switch 

The optimal situation is that, our cells can stably maintain at one state during movement, unitl reaching to the end point, and they stop, when 1 specific AHL concentration is high enough, they regain motility and switch to another state. 

So the switch needs to have either bistable or automatic reversion characteristics at different stages.  
??? This diagram may be wrong!!
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It seems that two more switches are needed to modulate AHL activity, 

In order to realize our final goal, Four states need to be constructed!!
	Moving state
	Motility
	Sensor state
	Repressor state
	Inducer state

	B ( A
	√
	Sensor A
	LasR
	LuxI↑
LasI↓


	A
	X
	Sensor A (
Sensor B
	↓LasR (
↑LuxR
	LasI↑
LuxI↓

	A(B
	√
	Sensor B
	LuxR
	LasI↑
LuxI↓

	B
	X
	Sensor B (
Sensor A
	↓LuxR (
↑LasR
	LuxI↑
LasI↓


Reminded that All the different parts can be coordinated using a inert property, which is time lag between response element to regulatory element.
Part 4: Combination and Reset

1, cI and cI434 together with LexA can be destroyed by RecA with UV light exposure
2, tagging was suggested to reduce half life of proteins, and antisense RNA was also suggested to quickly degrade mRNA

3, RBS: ribosome binding sites need to be tested of different efficiency to tune the expression level (important but often forgot)

4, additional co-repression/activation may be needed for abrupt phenotype demo

5, Promoter strength needs also to be noticed

  There are literatures focusing on modification of promoter and operator, operator hybrid needs attention.

Part 5 Proposed Schedules and Milestones

Since each section and subsection can be constructed separately, and computer simulation is also needed, I couple them in such a pattern
Group A: 2 biochem : Randomizer(p1) + Reporter(p2-2)
Group B: 2 biochem: Memorizer(p2-1)+ Chemotaxis switch(p3)
Group C: 2 biochem: Quorum sensing(p3) + Motility control(p3)
Group D: 1 cpeg + 1 cs: Simulation and Data processing
Group E: 1 Phy + 1 Chem + 1 biochem(me)
Phase I Preparation of material and primary construct and testing
	
	7.1-7.15
	7.1-8.1

	Group A
	A)Require strains, Parts and plasmids
B)Extract existing parts plasmid
C)Construct testing reporter system
	D)Design promoter pairs, synthesize DNA
E)Test promoter pairs
F)Construct XOR gate based on Group B AD-BD

	Group B
	
	D)Design AD-BD system
E)Construct AD-BD plasmid
F)Preliminary test on AD-BD feasibility

	Group C
	
	D)Delete original promoter in chemotaxis circuit( or construct a new one using existing parts)
E)Construct and test quorum sensing bistable switch

F)Design motor control parts

	Group D
	A) preliminary Simulation, to modeling the design based on basic circuitry logic

	B) help with promoter computer design
C)Two hybrid design
D) re-simulation based on testing data and scores


	Group E
	A)search for literature to develop further meanings for project from Physics, Chemistry and biology perspectives
	


*Supervisor is supposed to set up lab. All group mates need to assign lab duties, maintenance and two people in a group are for trouble-shooting, repeatability of experiment and high working efficiency.
Milestone:
 1 Group A: A) A series of promoter pairs are constructed and characterized. Core random part done
Part 2-2 reporter circuit done, compatible with group B
2, Group B: 
A) AD-BD candidates designed and constructed and tested
3, Group C: a) a baby circuit of chemotaxis receptor switch is built
4, Group D: a) primary simulation
b) Randomizer promoter pair
c) Simulation and refinement of model based on primary test data.
Phase II, More sophisticated construction and test, modification of original project and emphasis on strong part 
	
	7.15-8.7 (make up)
	7.21-8.15 (move forward)

	Group A
	A)Design new promoter pairs if previous not function well
B)Using other method to strengthen repression
C)Refine AD-BD system if needed
D)Modify RBS 
	E)Construct and test whether inverter is needed 
F)Tune promoter/RBS or loci to create better randomness
G) Construct XOR gate and test
H) primary integration of randomizer with spatial oscillator

	Group B
	A)Design new AD-BD system if needed

	B)Construct bistable switch if AD-BD pairs are OK
C)Combine bistable switch with XOR gate and/or spatial oscillator

	Group C
	
	B) Combine randomizer promoters with chemotaxis receptors
C) Construct motor control part

D) refine quorum sensing switch

	Group D
	A) Resimulation, to modeling the design based on basic circuitry logic

	B) Continue data processing and interpretation.
C) keeping record of progress, maintain Openware webpage

	Group E
	A)search for literature to develop further meanings for project from Physics, Chemistry
	


*Till this stage, we will have better sense of which section is more likely to achieve, more time and energy may be devoted to that section
Milestones:
  Group A :   1, Randomizer is done 
             2, XOR gate is done
  Group B:    1, Bistable switch is done

             2, Bistable switch is combined with XOR gate

             3, replace chemotaxis switch with bistable switch

  Group C:    1, Motor control part is assembled and tested individually
             2, randomizer is coupled with basic chemotaxis receptor

             3, bistable switch/ autoswitch constructed and tested 
  Group D:  1, simulation on the feasibility of the model based on data obtained.
Phase III, Circuit integration
	
	8.7-9.1 (make up)
	8.7-9.1 5(move forward)

	Group A
	A)Design new promoter pairs if previous not function well
B)Refine AD-BD system if needed
	C)Integrate Memorizer+ XOR gate
Integrate Randomzer + Memorizer+XOR gate
D)Integrate Randomizer with chemotaxis receptor switch
E)Integrate Chemotaxis receptor switch with quorum sensing pairs
F)Motility control integrated

	Group B
	A)Design new AD-BD system if needed
B)Refine bistable switch
	

	Group C
	A) Modify switch and motor control part
	

	Group D
	A)Resimulation, to modeling the design based on basic circuitry logic
B)Data processing and summary

	B) Continue data processing and interpretation.
C) keeping record of progress, maintain Openwetware webpage

	Group E
	A)search for literature to develop further meanings for project from Physics, Chemistry
	


*To this part, we may need to focus on only one section to make sure that at least 1 section can be accomplished.
Milestone:
1, Random-memorizer is constructed and tested

2, Random-spatial Oscillator is constructed and tested

3, Autonomous-spatial Oscillator is constructed and tested
4, Models are simulated, data are processed
5, More thoughts about the iGEM themes are presented and organized

6, A good record of Openwetware and wiki
Phase IV wrap up and final demo
9.1-10.15

1, constructs needs to be tested both functional and structurally, to ensure repeatability of the construct and verify the construct

2, final machines need to be displayed repeatedly

3, random sampling and statistics are used to prove the result

4, prepare presentation and demo
Part6 Expectations
√Create a circuit that can give random output with defined mechanisms and controllable probability
√Adopt two hybrid systems to construct bistable switch. AND, OR, XOR gate
√Basic memory and an infinite random binary number generator

√Spatial oscillation pattern, moving stripes pattern

√Autonomous Spatial oscillation, a combination of quorum sensing, motility control and chemotaxis.
Part 7 Significance and Future Outlook

  1, capture inert random events, and to amplify and contrast the signal to a clear cut randomized output, by engineered promoter pair with unique property 

  2, firstly adopted two hybrid system to construct bistable switch, gates and memory

  3, reversible chemotaxis sensor

  4, dynamic patterning

  5, binary digit random number generator

A short discussion:
A theory is proposed that evolution/differentiation starts from transient events caused by noise or fluctuation of certain protein levels, to generate asymmetrical tempo or spatial distributions of factors or cues.

So what about enlarge the transient and random event to a controllable instant and sharp output of 1 or 0, left or right, white or black? We can study the possible outcome of random events as long as we put them downstream of our randomizer, so that a black-box gives an unpredictable but conceivable random output, you could see what the cell will response, adapt and evolve with the input of random digitized signal.

What’s more interesting, Memory is believed to be process involving repetitive enhancement of inputs, and forget is by loss of that stimuli. In our case, we use a two hybrid pair to function as input (stimulus) and memory (record). There coupling can give you downstream readout about a comparison between two sequential inputs (events). With the memory established, we could not only play a gambling machine as if you throw a coin twice to bet whether they are the same, but also we establish a mechanism which could selectively remember the last state. In evolutionary game theory, there is one strategy that is random selection, in some circumstances this strategy will reach Nash equilibrium, while our cell model can best be used to test its feasibility in real life situation, with the help the memorizer, another common strategy TFT ( Tit for Tat ) where two players cooperate first, and play what the other plays in the last round, and indeed our cell can mimic this process, so that lots of Game theory models could be applied in our cell, to test in vivo system, what’s the implication of evolution, game theory and so on.
For the spatial oscillator machine, we are trying to make a device which could oscillate visibly, and specific moving patterns can be constructed. Since cyclic behavior is also common among cells, like DNA replication, cell cycle control, circadian rhythm etc, could we in a sense monitor the cyclic behavior with the least amount of stimuli, so that autonomous uniform controllable cyclic behavior can be conducted.

In terms of basic parts contribution,

We construct promoters with unique features

We first adopt AD-BD two hybrid system/concept into biobricks

Quorum sensing, motility and chemotaxis coupling will create a real sophisticated population behavior
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