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Membrane Computing is a 

natural computing formalism 

where objects separated in 

nested compartments limited 

by membranes and that 

evolve according to a defined 

set of rules 

∏ = (V, μ, W1,…,Wn, (R1, ρ1), ..., (Rn, ρn)) 

http://ppage.psystems.eu 

http://www.p-lingua.org/wiki/index.php/Main_Page 
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Easy to use 

Avanced 

informatics 

 Skill not 

required 

 

The XML is automatically 

generated 



Friendly-to-use  

to introduce and 

configure data 

Manually o through a 

plain file 

    SERVER  

calls via SSH 

Front-End 

Interface 

Linux+Apache  
JAVA 
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Statistics Diversity Network 

• Frequency 

• Average,  

• Covariance  

• Price Equation  

• Distribution 

• Heatmap 

• Rarefaction  

• Diversity indexes 

• Fitness Lanscapes 

• Graph reconstruction 

• Power law analysis 

Drawing 

• Newick strings 

• Venn Diagrams 



• Comparing Scenarios 

for Testing Null 

hypotheses under 

diverse interventions 

 

• Make predictions 

under changing 

parameters 

 

• Modeling the spatio-

temporal dynamics of 

resistance genes, or 

any other units of 

selection 

 

• Experimental 

validation 

 

• Debugging of ARES  



Rules for movement and/or transference of objects  

 

                    

    [ []Mn ]ENV1 [ ]ENV2   →     [ ]ENV1´ [ [ ]Mn ]ENV´    
 
•We consider the possibility of migratory flows between the populations of both environments (ENV1 and 

ENV2) with a rate M1 

•Microbes released from intestinal discharge from cockroaches go into the environment and have the 

possibility of being re-acquired by other cockroaches with a rate M2.  

•Cockroaches infect food with bacteria that have the subsequent possibility to colonize again cockroach gut 

with a rate M3.  

•Antibiotic AB1 enters from water to the cockroach gut with a rate M4 

•Antibiotic AB2 enters from water to the cockroach gut with a rate M5 

•Antibiotic AB1 enters from environment to the bacterial cell with a rate M6 

•Antibiotic AB2 enters from environment to the bacterial cell with a rate M7 

•Antibiotic AB1 enters from cockroach gut to the bacterial cell with a rate M8 

•Antibiotic AB2 enters from cockroach gut to the bacterial cell with a rate M9 

•Plasmids can be horizontally transferred via conjugation from a bacterial clone to another with rate M10 

which comprises a relation among the growth rate (ψ) number of transconjugants (T) and the donors (D) and 

the receptors (R)  in a plasmid population  

•P1 recruits gene “b” from plasmid P2 with a rate M11  

•P2 recruits gene “a” from plasmid P1 with a rate M12  

•P3 recruits gene “a” from plasmid P1 with a rate M13  

•P3 recruits gene “b” from plasmid P2 with a rate M14 



Rules for mortality or loss 
 

 

    [AB1]Cn → [I] 
 

 

• 6-months old cockroaches die by natural causes according to rate D1 

• 5-months old cockroaches die by stress or competition according to rate D2  

• 4-months old cockroaches die by stress or competition according to rate D3 

• 3-months old cockroaches die by stress or competition according to rate D4 

• 2-months old cockroaches die by stress or competition according to rate D5 

• 1-months old cockroaches die by stress or competition according to rate D6 

• Cockroaches will die due to bacterial infection according to rate D7, being  the ratio between the total number of bacteria 

within a cockroach individual (CLobs) at a given generation and the maximum bacterial population size allowed in a 

cockroach microbiome (CLmax).  

• Under food restrictions, a fraction of the cockroach population will starve to death according to rate D8  

• A Gram negative bacterial clone will die under a concentration X1 of Antibiotic AB1  

• A Gram positive clone will die under a concentration X2 of Antibiotic AB2  

• Bacteria cells in stationary phase will naturally die under rate D9 which is equal to R1. In the stationary phase there is 

equilibrium between cell division and death.  

• Bacterial cells constituting a microbiome Mi will die if their cockroach host die  

• Plasmids of bacterial cells are lost by degradation with a rate D10  

• Plasmids of bacterial cells will be lost by segregation during bacterial replication according to rate D11  



Rules for drinking and feeding  

  
• ENV1 water includes a concentration of antibiotic AB1 of X3 units/ml 

• ENV1 water includes a concentration of antibiotic AB2 of X4 units/ml 

• An amount of food will be daily supplied to both populations ENV1 and ENV2 with a rate F1  

• A cockroach individuals feeds food with a rate F2 

• A cockroach individual drinks water with a rate F3 

• Cockroaches will release faeces to the environment with a rate F4  

Rules for environment maintenance  

  
• Boxes representing environments ENV1 and ENV2 will be clean from faeces remains with a rate  A1 

• Boxes representing environments ENV1 and ENV2 will be clean from food remains with a rate  A2 

• Boxes representing environments ENV1 and ENV2 will be clean from both faeces and food remains with a rate  A3 

•  Plasmids with gene “a” express ab1 protein with a rate M15 

•  Plasmids with gene “b” express ab2 protein with a rate M16 

•  ab1 neutralize AB1 in every clone 

•  ab2 neutralize AB2 in every clon 

 

Rules for modification 

 Under values of R8 below 1 time (T1) necessary to apply R8 within ENV1 

• Under values of R8 below 1 time (T2) necessary to apply R8 within ENV2 
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The Scenario 

ENV1 ENV2 

Hosts 

Antibiotic/s 
Population regulator* 

* Insecticide (Blatella) 



The Scenario 

Host 

Bacteria 

Bacteria 
Plasmid 

Plasmid 

Xa 

Xb 

Resistance genes 

C1 

C2 

C3 

P1 

P2 



ENV1 

Scenario: 

-No path between ENV1 and ENV2 

Observations: 

-Normal growth of bacteria 

Experiments 



ENV1 

Scenario: 

-No path between ENV1 and ENV2 

-Challenge with Antibiotics A and B  

Observations: 

- Susceptible bacteria are eliminated 

Antibiotic A and B 

Experiments 



ENV1 

Scenario: 

-No path between ENV1 and ENV2 

-Challenge with antibiotics A and B 

-Clone C1 from ENV1 containd a plasmid P1 with 

  the resistance gene to A 

Observations: 

-Bacteria suceptible to A and B are eliminated 

-Antibiotic B kill Clone 1 resistant to A 

Antibiotic A and B 

Experiments 



ENV1 

Scenario: 

-Open path between ENV1 and ENV2 

-Challenge with antibiotics A and B in ENV1 

Observations: 

-There is a constant flow of bacteria from  ENV2 to ENV1. Because of this 

bacteria are not fully eliminated from in ENV1 

-The noise in the graph is caused for the dead and migrations of bacteria in 

every step 

Antibiotic A and B 

Experiments 



ENV1 

Scenario: 

-Open path between ENV1 and ENV2 

-Challenge with antibiotics A and B 

-C1 from ENV1 have P1 with resistance to A 

-C2 from ENV2 have P2 with resistance to B 

 Antibiotic A and B 

Observations: 

 

-Clone 2 with resistance to B move from 

ENV2 to ENV1 and transfer P2 to Clone 1 

 

- Clone C1 resisting both antibiotics survive 

and spread 

 

Experiments 



Observations: 

 

If the number of bacteria with 

plasmid P1 with a gene of A-

resistance, and plasmid P2 with a 

gene of B- resistance survive and 

grow, the probability of  P1 or P2 

transfer to the other plasmid 

increase, leading to resitance to both 

antibiotics. 

 

Experiments 



Experiments 

ENV1 

ENV1 + ENV2 

Scenario: 

-Open path between ENV1 and ENV2 

-Challenge with A and B antibiotics 

-A proportion of hosts are eliminated 

(insecticide in Blatella) 

-C1 from ENV1 has P1 with gene of A-

resistance   

-C2 from ENV2 has P2 with gene of B-

resistance 

 

Antibiotic A, B and insecticide 

Observations: 

 

If the number of susceptible hosts 

decrease, resistant organisms are 

disappearing. 



Future research and work in progress 

•  Refinement of the rules 

 

•  Stochastic/Probabilistic approach: migration to PDP systems 

 

•  Interfaces for input and output data 

 

•  Generalization of the experiments 

 

• Connection with other sowftwares (i.e. R packages) 


