Dynamic structures in Escherichia coli: Spontaneous formation of MinE rings and MinD polar zones

· Objective: construct a model to explain Min protein oscillation
· Bio background:





· Modeling:
· Basic mechanism:  
MinD diffuses further than does a typical MinE before reattaching. MinD:ATP accumulate at the far pole of the cell due to the nucleotide exchange (further explained in the second paper) while MinE still hydrolyzes the old polar zone. 

· Differential equantions:
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· Result:

Periodic oscillations that are independent of initial conditions (have some relationship with the third paper) occur for a wide range of parameters.
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· Oscillation period linear dependence on the ratio of MinD and MinE concentration.

· Doubled oscillation patterns in filamentous cells
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· Slow or no oscillation with MinE mutants
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· Validation:
All the above three analysis derived from the model is consistent with the experimental observance.

Pattern Formation within Escherichia coli: Diffusion, Membrane Attachment, and Self-Interaction of MinD Molecules
· Objective: obtain the length scale of the formation of the new MinD attachment zone
· Modeling: 

· Initial condition: The old polar zone of MinD occupies x< 0, and the bare membrane occupies x> 0

· Step 1: MinD:ADP dissociates from the membrane and then diffuses until nucleotide exchange (Assume dissociation only occurs at x=0)
Mathematically, 
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Where
P1(x): probability density of each MinD:ATP
PD(x,t): distribution following diffusion in 1D for time t with diffusion coefficient D
Q1(t): the waiting-time distribution for single step nucleotide exchange with average waiting time t1, [image: image7.png]1)) =—e™n,
.




Result:
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· Step 2: diffusion of MinD:ATP until membrane reattachment (Assume infinite stickiness of the old polar zone)

Mathematically,
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Where
P(x): the attachment density for the bare membrane at x>0

P2(x, x0, t): the probability that a MinD:ATP diffuse to some x>0 after time t without cross x=0, which gives by; [image: image10.png]Pa(x, xolt) = Pp(x — xolt) — Pp(x + xol1).





Q2(t): the distribution of waiting time for membrane attachment with average waiting time t2, [image: image11.png]Qa(1) = (1/7m)expl—1/73)




Result:
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· The relevant length scale is the position of the maximum in p(x), which is given by
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· Validation: from experiment, t2~10s, giving xmax=2.7um, agrees with observance.

· Modification:

· Distributed source

Mathematically, 
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where 

w(xs): the distribution of the source
    Result:
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    It only introduces a constant, thus it would not change the value of xmax, the length scale.

· Finite old polar zone attachment probability

Mathematically.
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where 

pc(x,t): density of cytoplasm MinD:ATP
pm(x,t): density of membrane-bound MinD:ATp
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chose t2=1s.

· Summary:

Two important factors to form the new polar zone:

1. the nucleotide change rate

2. asymmetry of binding probabilities to the old polar zone and to the bare membrane

It is suggested that the parameters are tuned to permit normal cell division.

A Mechanism for Polar Protein Localization in Bacteria
· Objective: construct a model which can explain how DivIVA is able to recognize the cell poles.
· Bio background:

In E-coli, MinCD oscillate regardless of the initial condition. Thus it does not require any pre-exsiting topological markers to distinguish various locations within the cell.

However, in B.subtilis, MinCD do not oscillate, but instead are localized, to both cell poles, where they are anchored by the protein DivIVA, which is able to recognize the cell poles. Thus it is important to know how DivIVA can find the location of pole. It is suggested that the relevant protein may localize to a component of the division apparatus. But it is refuted by the experiment observance.
· Modeling:

· Crucial point: Geometry affects the reaction-diffusion dynamics. It is assumed that MinCD has a reduced rate of membrane binding at the cell poles. 
· Basic Mechanism: The reduced rate of MinD binding critical for polar localization as it sets up a pronounced membrane MinD density gradient close to the cell poles. The DivIVA then binds to these positions of increased gradient, stabilizing the MinD/DivIVA. In this way, the MinD/DivIVA concentrations end up being maximized close to the cell ends.
· Differential Equations:
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Something to notice:
1. The rate of binding is reduced as the MinD membrane density increase. So does DivIVA.

2. DivIVA caps the ends of MinD filaments.

3. Binding rate of MinD depends on the location. At high curvature locations, it is reduced.

4. The unbinding of DivIVA is suppressed by DivIVA since it forms clusters for maximum stability.

· Simulation: the case of outgrowing spores.
Something to notice:

1. The cell is allowed to grow. The extra site is inserted randomly except at ends.

2. The binding rate is reduced by a factor of 2 for the closest ten sites to both ends.

· Result:
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· Propagation of patches as the cell grows: due to the coupling of the DivIVA and MinD. Also, this movement is observed in experiment.
· Modified model for asymmetric localization

· Modify the differential equation: remove the effect of saturation
· Result: localization pole occurs rapidly, which corresponds to experimental observance.

· Summary:

The geometric effect, i.e the reduced binding rate of MinD at high curvature places, is essential to explain how the DivIVA finds the poles.
