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Agents in Bioinformatics

AgentLink III -- http://www. agentlink.org
Technical Forum Group on Agents in Bioinformatics
(http:/ /www.bioagent.net/ TEG-bioagents)

Ist meeting in Rome July 2004

Next in Camerino September 2005

Workshop on Agents in Bioinformatics:
1st 2001 in Bologna - http://www.nettab.org/2001

2nd 2004 in Camerino — http://www.nettab.org/2004
Next

Workshop 25 July in Utrecht- Neatherland -
http://www.diee.unica.it/biomed05
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Agents in Bioinformatics

Agents may be useful for applications that imply: repetitive and
time-consuming activities; knowledge management, such as
integration of different knowledge sources; and modelling of
complex, dynamic systems.

* Genomic analysis
* Geneweaver UK (Bryson et al., 2001)
 DECAF in the US (Decker et al., 2001)

* Systems biology

 intracellular signalling pathways (Cellulat in Gonzalez, 2003)
* cell modelling (CellAK in Webb and White, 2004)
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Outline

* What 1s an agent and a multi-agent system?
* 'The Bioagent project

*  What we mean for agents in bioinformatics?

e The activity-base programmin environment
¢ The Hermes middleware for mobile computing

*  One case study

*  “Oxidation of carbohydrate” simulation process

¢ What are the interesting BioMedical domains for agents?

emanuela.merelli@unicam.it Agents in Bioinformatics
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What is an agent?

* A computer system capable of flexible, autonomous (problem-
solving) action, situated in dynamic, unpredictable and typically
multi-agent environment.

emanuela.merelli@unicam.it Agents in Bioinformatics
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What is an agent?

* A computer system capable of flexible, autonomous (problem-
solving) action, situated in dynamic,, unpredictable and typically
multi-agent environment.

* control over internal state and over own behaviour
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What is an agent?

* A computer system capable of flexible, autonomous (problem-
solving) action, situated in dynamic, unpredictable and typically
multi-agent environment.

* experiences environment through sensors and acts through
effectors
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What is an agent?

* A computer system capable of flexible, autonomous (problem-
solving) action, situated in dynamic, unpredictable and typically
multi-agent enviornment.

* reactive: respond in timely fashion to environmental change

* proactive: act in anticipation of future goals
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Our interest is on mobile agent computation

An agent 1s a computer system capable of acting in order to accomplish tasks on behalf
of its user

A mobile agent is a computer system that can move from one execution environmnet
to another, if in a network (or virtual distributed space) from host to host by keeping its
execution state while travelling

A proactive agent is computer system able to achieve a goal by performing actions in
anticipation and reacting to events in the dynamic execution environment

In our context, a proactive mobile agent 1s a computer system that can move between
execution environments by preserving the status and managing remote information by
using its knowledge base so to perform its goal

Any agent is characterized by the following features
Moving, Commmunication, Cloning, State-preserving, Knowledge-management capability
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How it works ...
Single agent The People

The agent platform

e DB The Bio Data
7 _
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Problems and issues

* Agent has to

speak multiple languages
Overcome firewalls

Be easily programmable

e Platform has to be

Flexible
Expandable
Modular
Secure and

it has to support mobiliby

emanuela.merelli@unicam.it Agents in Bioinformatics
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BioOnco --- Oncology over internet

/Mas N

User @ WISA

interface Age.nt
Service

ST

v

Web
Services
Remote data
Knowledge Temporary sources
base Knowledge
~_ ~_
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Esempio - stepl
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step 2

Proteina Computer KBytes Rete http access time(sec.)
P53_HUMAN MyNotebook 49.6 Rete Ateneo 4.89
FOS_HUMAN MyNotebook 4.72 Rete Ateneo 3.62
1433_ORYSA MyNotebook 2.51 ADSL 640 Kbits/s 1.76
P53_HUMAN Giasone 49.6 Rete Ateneo 2.37
FOS_HUMAN Giasone 4.72 Rete Ateneo 1.63
1433_ORYSA Giasone 2.51 Rete Ateneo 2.36
BioAgent

ID XXXXXXXXX STANDARD; PRT., 260 AA. AC QO0ESET:

DT 01-JUN-1994 (Rel. 29, (Created)

DT 01-JUN-1994 (Rel. 29, Last sequence update)
DT 01-JUN-1994 (Rel. 29, Last annotation wupdate)

DE 14-2-2-1like protein 5$4.
08 Oryza sativa (Rice) .

O0C Eukaryota., Viridiplantae,;, Streptophyta.
OC Spermatophyta.; Magnoliophyta,;, Liliopsida;

Embryophyta;

Poales

Poaceae;

Tracheophyta.

emanuela.merelli@unicam.it Agents in Bioinformatics
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step 3

Proteina Computer KBytes XMLTranslation time
(sec.)
BioAgent

3) P53_HUMAN MyNotebook 49.6 1.21

> - Swiss_prot

| Document
Swiss_prot_absfact FOS_HUMAN MyNotebook 4.72 0.11

AIXOAgentService \[ﬂl
1433_ORYSA MyNotebook 2.51 0.06
medline_abstract
KOZ[Agent\NC / P53_HUMAN Giasone 49.6 1.11
FOS_HUMAN Giasone 4.72 0.04
1433_ORYSA Giasone 2.51 0.36
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step 4

BioAgent

T

AIXOAgentService

Proteina Computer XSLT time (sec.)
P53_HUMAN MyNotebook 1.42
4)
% — '\[ﬂl FOS_HUMAN MyNotebook 1.1
XML A |swiss_prot_absjract
\w[ 1433_ORYSA MyNotebook 0.6
" medline_abstract

P53_HUMAN Giasone 0.7
FOS_HUMAN Giasone 0.48
1433_ORYSA Giasone 0.428

emanuela.merelli@unicam.it
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step 5

Proteina Computer Message go and go back
time (sec.)
= P53_HUMAN MyNotebook 1.87
B | ||I FOS_HUMAN MyNotebook 3.29
Swiss_prat_abstract
—"I m 1433_ORYSA MyNotebook 1.09
medline_abdtract
P53_HUMAN Giasone 0.8
j FOS_HUMAN Giasone 0.9
1433_ORYSA Giasone 0.68
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ettt ¥ . .
<Awrappur>

http://ensembl.unicam.1t:8080/bioagent/
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Intermediate Result

. <?xml version="1.0" standalone="no" ?>

. - <SwissProt_entries>

. - <SwissProt_Entry>

. <ID entry_name="P53_HUMAN" data_class="STANDARD" molecule_type="PRT" sequence_lenght="393" />
. <AC number="P04637" />

. <AC number="Q16848" />

. <AC number="QIUBI2" />

. <DT date="13-AUG-1987" release="05" type="Created" />

. <DT date="01-MAR-1989" release="10" type="Last sequence update" />

. <DT date="28-FEB-2003" release="41" type="Last annotation update" />

. <DE>Cellular tumor antigen p53 (Tumot suppressor p53) (Phosphoprotein p53) (Antigen NY-CO-13).</DE>
. <GN>TP53 OR P53.</GN>

. <OS>Homo sapiens (Human).</OS>

. <OC>Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.</OC>
. <OX>NCBI_TaxID=9606;</0OX>

. - <RN num="1">

. <RP>SEQUENCE FROM N.A.</RP>

. <RX Bibliographic_db="MEDLINE" id="85230577" />

. <RX Bibliographic_db="PUBMED" id="4006916" />

. <RA>Zakut-Houri R., Bienz-Tadmor B., Givol D., Oren M.;</RA>

. <RT>"Human p53 cellular tumor antigen: cDNA sequence and expression in COS cells.";</RT>
. <RL>EMBO ]J. 4:1251-1255(1985).</RL>

. </RN>

. - <RN num="2">

. <RP>SEQUENCE FROM N.A.</RP>

. <RX Bibliographic_db="MEDLINE" id="87064416" />

. <RX Bibliographic_db="PUBMED" id="2946935" />

. <RA>Lamb P., Crawford L.;</RA>

. <RT>"Characterization of the human p53 gene.";</RT>

. <RL>Mol. Cell. Biol. 6:1379-1385(1986).</RL>

. </RN>

emanuela.merelli@unicam.it Agents in Bioinformatics
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Final Result

. <rxml version="1.0" encoding="UTF-8" ?>

. - <Abstracts>

. - <MedlineCitation>

. <MedlineID>85230577</MedlineID>

. <AbstractText>A 2.5-kb cDNA clone for human p53 tumor antigen has been isolated. This clone contains the entire coding region including 135 bp

upstream of the first ATG. Comparison of the nucleotide sequence of human p53 and mouse p53 demonstrates that the first ATG in human p53
corresponds to the second ATG (codon No. 4) in mouse p53. The human p53 comprises 393 residues and is longer than the mouse p53 due to six
additional codons present at the region corresponding to exon 4 of the mouse p53 gene. The DNA sequence homology between the coding regions of
mouse and human p53 is 81% and the conservation of homology is not equally distributed along the molecule. When inserted into SV40-based expression
vectors the human p53 cDNA successfully directs the production of a polypeptide with an apparent mol. wt. of 55 kd which can be precipitated by
monoclonal antibodies to p53.</AbstractText>

. </MedlineCitation>

. - <MedlineCitation>

. <MedlineID>87064416</MedlineID>

. <AbstractText>Cosmid and lambda clones containing the human p53 gene were isolated and charactetized in detail. The gene is 20 kilobases (kb) long and

has 11 exons, the first and second exons being separated by an intron of 10 kb. Restriction fragments upstream of sequences known to be within the first
identified exon were tested for promoter activity by cloning them in front of the chloramphenicol acetyltransferase gene and transfecting the resulting
constructs into HelLa cells. A 0.35-kb DNA fragment was identified that had promoter activity. Results of primer extension experiments indicated that the
mRNA cap site falls within this fragment, as expected. Analysis of the sequence upstream of the presumptive cap site indicated that the human p53
promoter may be of an unusual type.</AbstractText>

. </MedlineCitation>

. - <MedlineCitation>

. <MedlineID>85267676</MedlineID>

. <AbstractText>Three clones for the human tumor antigen p53 were isolated from a cDNA library prepared from A431 cells. One of these clones, pR4-2,

contains the entire coding region for human p53. This clone directs the synthesis of a polypeptide with the correct molecular weight and immunological
epitopes of an authentic ESS molecule in an in vitro transcription-translation reaction. Although the pR4-2 clone contains the coding reﬁion for p53, it is not
a full-length copy of the human p53 mRNA. Northern analysis showed that the p53 mRNA is approximately 2,500 nucleotides long, whereas the pR4-2
insert is only 1,760 base pairs in length. Analysis of the DNA sequence of this clone suggests that the human p53 polypeptide has 393 amino acids. We
compared the predicted amino acid sequence of the pR4-2 clone with similar clones for the mouse p53 and found long regions of amino acid homology
between these two molecules.</AbstractText>

. </MedlineCitation>
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AIXO: Any Input XML Output
E. Bartocci, L. Mariani, 2003

Download:
http:/ /www.bioagent.net

emanuela.merelli@unicam.it Agents in Bioinformatics
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What is a Multiple Agent System (MAS)

In most cases, single agent is insufficient

* multiple agents are the norm, to model complex real systems
(business, manufacturing, telecommuniation, biology..

natural decentralisation
multiple loct of control
multiple perspectives
competing interests

* Multi-agent system asks for coordination models

emanuela.merelli@unicam.it Agents in Bioinformatics 52



Agents ... what for?

To support next generation computing through facilitating agent
technologies

* As a metaphor for the design of complex, distributed
computational systems

* Asasource of technologies (e.g. mobile agents)

* As simulation models of complex real-world systems, such as in
biology and economics
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Agents in Bioinformatics, what for?

Powertools vs. Assistants

Computational biology & bioinformatics has a
need for both:

* Powertools are needed now to efficiently
reduce, store, retrieve, and analyze data.

* Assistants are increasingly needed to process
representations of knowledge, and present
cognitively useful abstractions.

EXAMPLE: Microarray data analysis
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2001

Bioagent: a mobile agent
platform for

Computational Analysis of Biological
Data

BioAgent




Motivations (2001)

BioAgent

A Electronic diagnostic tool = diagnosis

 Significant amount of data (ORFs, Experiments, ...) disseminatea ana
duplicated in a myriad of different dbs and repositories

 Different access modes

* Several actors (researchers, physicians, lab-technicians ...)

A Our-goal

* define a general platform for mobile computing Bioagent (Intelligent

mobile agent platform to process biological data) to support “genetic
data analysis”

* define a declarative language BioAL to specify agents
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Application: analysis of gene
expression




Scenario: Microarray experiments
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“..normally an experiment should include a set of hybridisations
which are inter-related and performed in a limited period of time.”

MIAME (Minimal Information About Microarray
Experiments) document by MGED

(Microarray Gene Expression Database group, UK)

* Fach hybridisation is

constituted by a collection of
experimental data (spots) usually
one spot for each ORF (Open
Reading Frame).

* The intensity of each spot

quantifies the expression of the
related ORF under the chosen
experimental conditions

emanuela.merelli@unicam.it
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MicroArray Markup Languages

MAML “DTD” structure

proposed by the European Molecular Biology Lab (EMBL) and the European
Bioinformatic Institute (EBI) and recently submitted to OMG (Object
Management Group)

* Experimental design: the set of the hybridization experiments
as a whole;

* Array design: each used array and each element (spot) on the
array;

* Samples: used samples, the extract preparation and labeling;
* Hybrndizations: procedures and parameters;
* Measurements: images, quantitation, specifications;

* Controls: types, values, specifications.
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Major goals pursued during the analysis of
hybridization data: Clustering

* C(lustering using experiments euc. distance
A (ORF “guilty-by-association”
A\ Present use: discover gene function

* Clustering using ORFs euc. distance
A (transcriptional fingerprint)

A\ Future use: diagnostic tool

emanuela.merelli@unicam.it Agents in Bioinformatics
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The BioAgent model

DO
e

RO

o
o
3
o
3]
3
%

.’A,'v.,-.'

Data: Biological data related to an “organism”
 set of inter-related hybridisations
¢ Database source (ExpressDB Aach et al. 2000)

¢ 147 distinct hybridisation experiments
* 6053 ORFs

Goal: analysis of hybridisation data
* Clustering by experiments
* Clustering by ORF

Instruments: Algoritm and methods:

¢ Kohonen self-organizing map
e Alborithm in C
* 9 clusters
¢ Convergens in 1000 cycles

Basic Knowledge: MAMI. “DTD”
Exteded Knowledge: Kohonen map
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Preliminary results

[M. Angeletti, R. Culmone, 2001]




Demo for single agent platform

*  We simulate four different sites by four DOS windows. Three will be the place
with the data repository and the fourth will be the starting and ending point for
an agent

*  Open 4 DOS windows

*  For each window, in C:\bioagent run setenv

*  Iwindow: in C:\bioagent\esempi\place run
java exResourcePlacel

*  ITwindow: in C:\bioagent\esempi\place run
java exResourcePlace2

*  III window: in C:\bioagent\esempi\place run
java exResourcePlace3

* IV window: in C:\bioagent\esempi\place run

java RunAgent localhost

. The result is in C:\hermes\esempi\risultato.res

emanuela.merelli@unicam.it Agents in Bioinformatics
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Back to agent programming
environment




Who will program agents?

* bioinformatics,

* biochemical researchers,
* physicians,

* biologists

* lab-technicians,

are they able to program in Java?
must they learn 1t?
What kind of applications would they like to automize?

What kind of agent-oriented language?

emanuela.merelli@unicam.it Agents in Bioinformatics

68



BioAL: Agents specification language

Agent’s Activities Agent’s Instruments

* Bio data search °  Optimization

¢ Combinatorial algorithms

* Bio data integration . .
*  Heuristics algorithms

* Bio data clustering ¢ CLP: Constraints Logic Programming

* Bio data extraction

. Bi . e (lassification
10 pattern recognition

e Neural nets

* Bio know}edge discovering ¢ Kohonen self-organizing map
* Bio data prediction SRS
. *  Knowledge Discovering
o *  Data mining
Agent KHOWledge *  Multidimensional analysis
*  Basic knowledge (behaviours descriptioﬁ; common, local, extended
Ontologies)
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Bioagent and BioAL (still in 2001)

iBioAgen

BioAL must be “easy to use”
* could it be a declarative language?

e could it be hide to the end user?
* could it be ontology based?

Example: how to specify a new environment
let <envname>

be VirtualEny

with Instruments, Servicies, Events, Obyjects, Langnges ...
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BioAgen

Example: how to specify a new agent in a certain environment
create <agent> like <tipo> in <environment>
with

ooals (m1,m?2 ...mn)
rules (r1,£2, ... rn)
contraints (cl,c2, ... ck)
instruments (s1,s2, ... sn)
ontologies (01,02, ... on)

agent-status (s1,s2, ... sn)

emanuela.merelli@unicam.it Agents in Bioinformatics
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What requirements the mobile agent platform
has to satify?

. Agent execution

* Agent creation, execution, deletion, execution control, task
control, agent cloning,

* Agent mobility

* Remote execution, migration, naming, addressing, location,
domains

. Agent communication

* Inter-agent, user/agent, naming, addressing, location of peers

* Agent and agent system security

¢ System protection (agent = virusr), agent communication
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Main Choices: Java and ontology

S

* Hardware independent (runs on Windows, Unix, MacOS, PDA,
* Object oriented, agent oriented and activity workflow oriented
e Ubiquitous (Java does everything, everyone does Java)
* Network.centric
* Code mobility (applets, servlets, class loading, serialisability
* Network communication (TCP/UDP sockets)
* Internet-ready (URL classes)

* Security (secure sockets, secure manager)
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Bioagent System architecture

BioScientists / Applications

Workflow Definition

BioAgents

Ontology

Service

Resources Mng
Security Mng

Communication Mng
Mobility Mng
Agent Mng
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Mobile agent

A mobile agent can move from site to site in a network
and keeps its execution state while traveling

® Agent while hoping from site to site over 1s bring a backpack with

e Suitcase — long term memory (kng-base, experimental procedure,
algorithms)

* Briefing — temporary memory on the execution environment
(communication langauges, ontologies, rules, protocols)

. Codet | Codet

% Code® @ State&: S State % <
TR FAT R
Host Host Host Host Host
Remote execution Migration
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Benefits of mobile agents

* Reduction of network tratfic and client processing
* Automation of distributed task processing
* Decentralized -local task processing
¢ Asynchronous task execution
* Flexibility on demand software distribution

* Robustness: reduction of dependence of network
availability and client/server availability

* load-balance optimization of execution
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Problems with mobile agents

* Security

* Malicious host, malicious agent

* Task execution control and traciability

* Location and status of agent may be unknown

* Fault management

¢ Orphan detection, data inconsistency

e Performance

* Interpreted code 1s slow

* Open Environment
* Heterogeneity of hosts
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Mobile agent platforms

* Aglets: www.tri.ibm.co.jp/aglets
e D’agents: agents.cs.dartmputh.edu
* Grasshoper: www.itkv.de

* Voyager: www.objectspace.com

* Telescript (mobile code)

* Lime
. . Why another?
Virtual mobility because the others were
* Jade propetary or simulating mobility
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Bioagent + BioAL

=

emanuela.merelli@unicam.it
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... 1s Bioagent a platform?
Oor
a middleware?
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From 2001 ... up to 2005

we work to develop Hermes:
a middleware to support activity-based

workflow applications over a mobile-
agent computing environment



Bioagent project
http:/ /www.bioagent.net

BioAgent

*  May 2001: 1st prototype of Bioagent platform development of an agent-based
application for “Agent for Microarray Data Analysis*

e July 2001: 1st prototype of Bioagent platform proposed at BOF - ISMB
in Copenhagen

e 2003: 1st version of HermesV1 a component-based middleware for mobile
computing

* 2004: 2nd version HermesV2 a middleware system for mobile computing

In the future = back to Bioagent
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Tools suitcase

* | Wf Management

Wt Editor — modelling and definition

Wt Checker — analyzing consistency of the model

Wt Compiler - translating model to executable code

User interface: Web-based GUI, Console, ...

* System Management

Middleware platform deployment tool
Account management tool

System’s Diagnosis tool

System maintenance tool

Traceability tool

emanuela.merelli@unicam.it Agents in Bioinformatics
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Workflows in the BioScience Domain

Definition
The computerised facilitation or automation of a business process, in whole or part.

(from Workflow Management Coalition-Reference Model)

Goals

to design and implement a data analysis process (standardized protocols - S. Hoon et al. ‘03)
to simulate a high-level biological process (Peleg et al. ‘03, Amici et al.’04)

Advantages for data analysis, it makes possible:

to reproduce the analysis

to reuse intermediate results

to create a transparent analysis environment

to support a good practice

to free the bioscientist from repetitive interactaction with the web
to verify structure, functional and dynamic process requirements

treacibility
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An Agent-based Approach to Tool Integration

[F. Corradini, L. Mariani, 2003, 2004]

Navigating through the Interactive Bioinformatics Tutorial

http:/ /www.isat.jmu.edu/users/klevicca/p53/bigun.htm.
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Activity-Based Application in Bioinformatics Domain

Problem: To find the crystallographic structure of the 10 proteins more similar to that of a given
genetic sequence, €.g., a’ggag ... 1ga,

Obijective: To use several Bioinformatics Software Tools available on Internet in order to find the
wanted result

1. Select the 10 proteins more similar to the given sequence atggag ... 19a 1st Activity J
. by using BLASTn in GenBank at NCBI

2. Search for the PDB ID (crystallographic structure identifier) of each %/{ 2nd Activity ]

. by using BLASTp in SWISS-PROT at EMBL-EBI
. by retrieving from PubMed via Entrez Retrieval System at NCBI, abstracts containing PDB-ID information

\( d A b
3. Search for the Crystallographic Structure of any selected PDB ID 3" Activity ]

. find 3-D biological macromolecular structure in Protein DataBank repository

| 4% Activity ]

Aim: the automatic execution of the activities by coordinating several Bioinformatics tools, freeing
the Bioscientist from the need to know details on data and to continous interact with remote

sites.

By defining an zntegrated environment supporting activity coordination data and services integration
large scale distributed management system in order to automatically execute an experiment
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1st Activity ]

MaxSequences = “10”
SequenceType= “DNA ~
newSequence=atgg

GLOBAL VARIABLES

sequence: String []

PDBs: PDBstrucf]

Cstructures1, Cstructures2: Cstructure[]
articles: File

3rd Activity

i

Sequences=sequence
BlastVersion="Blastp’

selectPDB structures
from sequences

Find crystallographic
structures from articles

2nd Activity

amay 1=Cstructures
amay2=Cstructures

content-Cstructu res1 FTPUploadResult
CONGIF: FTP

4t Activity

I
[
PDB o ) ARTICLES
PDBRepositories= {*SWISS-PROT?} ArticleRepositories={* PubMed’
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FTP
SIMILARITY FTPSite="www.unicam.it”
Tool= “Blastn’ UserName= “unicam”

SegRepositories={*GenBank’} Passwords="“unicam”




Bioinformatics Tools

Tool 1:
Environment:NCBI (WebSite): html format
Data: GenBank (DB): proprietary format
Tool: BLASTn (Algorithm): Takes nucleotides sequences in FASTA format
Output: GenBank Format
Tool 2:
Environment: EMBL-EBI (WebSite): html format
Data: Swiss-Prot (DB): proprietary format
Tool: BLASTp (Algorithm): Takes protein sequences in FASTA format
Output: SwissProt format
Tool 3
Environment:NCBI (WebSite): html format
Data: PubMed: ANS.1 format
Tool: Entrez Retrieval System: Takes protein name
Output: XML format
Tool 4
Environment:Protein DataBank web site
Data: PDB(DB): proprietary format
Tool: FASTA (Algorithm)
Output: PDB format (3 dimensional)
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Activity Database (ADDb

MaxSequences: Integer

SequenceType: seqType
newSequence: String N

. . B
Select similar sequences ) __ ____ String[ ]
8 . Sequence: Strin <
CONGIF: SIMILARITY i/ q gll i -
elect articles from sequence

CONGIF: ARTICLE

Sequences: String [ ]

BlastVersion: String

CONGIF: PDB

- B
PDBstruct] ]
Articles:File[] ~ p-o___
— CONGIF: PDB
s =P Cstructure [ ]

Find crystallographic
structures from articles
!
PDBIist : PDBstruct[ ] .,.» i) @psEllesEsie
stryctures from PDB Structyré
CONGIF: PDB

A = CONGIF: FTP__ ="
array1: [] -l  Union  )=======-
array2: []

FTP
SIMILARITY FTPSite: String

FTPUploadResult
E 4

------ [

______ Cstructure [ ]

Tool: String UserName: Stri_ng
SeqRepositories: String] ] Passwords: String

PDB

ARTICLES
AvrticleRepo

PDBRepositories: String [ ]

sitories: String [ ]
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GLOBAL VARIABLES

sequence: String []

PDBs: PDBstrucf]

Cstructures1, Cstructures2: Cstructure[]
articles: File|

Sequences=sequence
BlastVersion="Blastp’

CONGIF: PDB

T
PDBlist= PDBs '
S
CONGIF: PDB

SIMILARITY

Tool= “Blastn’
SegRepositories={"GenBank’}

MaxSequences = “10”
SequenceType= “‘m-RNA”
newSequence= “MEEP...”

Selectsimilarsequences

CONGIF: SIMILARITY

selectPDB structures
from sequences

. :
-=3 ¢elect articlesfrom sequencgs-=----- >
CONGIF: ARTICLES

B e W e
CONGIF: PDB

Find crystallographic
ctures from PDB Struct

Find crystallographic
structures from articles

Cstructures2

——

Cstructures1

amay 1=Cstructures1
amay2=Cstructures2

content=Cstructures1

CONGIF: FTP

FTPUploadResult

-V

FTP
FTPSite="www.unicam.it”
UserName= “unicam”
Passwords="“unicam”

PDB ARTICLES

PDBRepositories= {"SWISS-PROT?}
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User level to Agent level Compiler

The compiler generates a pool of cooperating agents form the workflow specification

Two steps compilation:

*  Stepl: from user level Wt to agent level Wt
e User Level Activity Database (ULAD)

*  contains the mapping from each user activity to an agent level Wf specification

*  Step 2: agent synthesis
¢ Database of Skeletons (DoY)
*  contains the “empty” implementation of an agent role (skeleton)

e Agent-Level Activity Implementation Database (ALAID)

*  contains the implementation of each agent level activity

Context-awareness

The compiler takes advantage of information about the state of the global
environment during the agent synthesis
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Agent! VARIABLES ULAD

sequence String [|
PDBs : PDBstrucf]

Cstructures1:Cstructur, Agen.t 1

select similar sequences

T~
\ 4
Tool= “Blastn” D~
CurrentRepository="GenBank’ -- Getsequence@“
MaxSequences =“10”

MoveTo

Agent2 VARIABLES
SequenceType='m RNA’ sequence String [
newSequence = “MEEP..DSD” articlesFile[]
................................................... 1 Cstructures2Cstructur

MoveTo

e~
Place=“PubMed”
—

Tool= ‘Blastn”

CurrentRepository="SWISS-PROT”
Sequences =sequence

Get articles containing
sequences

=== articles
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Compiler Step 2: executable application agents
> 3
-

g 5
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ent-Level Workflow
WE -C-




The agent-based supporting
technology




From Data to Knowledge and vice versa
(Merelli et al. "02)

ontologies (human

meta-data concepts) + workflow
/ XML + RDF eements\ Information + coordination
Services
data format Data access + code
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System’s software architecture
(Corradini et al ‘03)

User Application Workflow

User Layer
Warkflow Management

Application Agents

----------------- System Layer
Application Agents Management

Service Agents

_________________ Run-Time Layer
Core Level
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The O2I system’s architecture

User Layer System Layer Run-Time Layer

Retrieval
Service

\ 4

Long-transag¢tion

User
Application
Workflow

Workflow

|
|
|
|
|
I
|
|
|
M |

ng

Short-transaction

v
Web
Services

Knowledge
Base

Remote Place
where

Temporar .
p y Tools are available

Data

Repositor
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User Layer

Long-transag

User
Application
Workflow

- ~

System Layer

Workflow
Executor

,'/ Kw db and Use
Cases repository

_______

Retrieval
Service

I
I
|
I
I
|
I
|
I
Agents I
|
I
I
|

Knw Mng
Agent
Service
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Run-Time Layer

BioAgent System Architecture for O21

Temporary

Data

Repositor

\ 4

EMBL

FASTA
ASN.1

GenBank

RDB

HTML
XML

TXT

Remote data format
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oplication-agents (WE) and Wrapper-agents (WA)
cooperative environment

Pooal of Workflow
Executors
System Layer

Activity AT Activity B1 y
Activity A2 Activitt; B2 Activity C1

Tool A Tool C Tool D .
: o I B I " | Run-Time Layer

HiC

Feature B1
Egiﬂ;z 2; Feature B2 Feature C1 Feature D1
Feature A3
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Flat Files from
Command RDBMS
Line Program

HTML
Web Page
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Wrapper-based System: Retrieval articles about P53
protein

<entry>
<ID name="P53_HUMAN" type="STANDARD" molecule="PRT" lenght="393"/>
<AC value=“P04637"/> <AC value="Q16848"/> <AC value=“Q9UBI2"/>
<DT day="13" month="AUG” year="1987" rel=“05"/>
</entry>
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Hypothetical Scenario for O2I project

Oncology over Internet project aims to develop a framework to support searching,
retrieving and filtering information from Intenert for oncology research and clinics

A possible scenario involving the use of biological resources

* Biological resources (micro-organisms, cell lines ...) are essential for implementing a
good, reproducible experiment

e High quality biological resources are available at some specialized centers (Biological
Resources Centers:ATCC, DSMZ, ...) and related catalogues are available on-line

*  Molecular Biology (MB) databases, e.g., sequence dbs, often include information
(strain numbers, accession numbers) on the original resources

* Researchers assessing MB databases often need extended information regarding
resources to finally request materials
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A simple workflow example

Use context: to verify a mutation experiment by reproducing

Goal: Retrieve abstracts from a literature db for identifying the best cell line for
reproducing a human TP53 mutation experiment linked to a particular tumour-habits-
sex combination

Activities: use Bioinformatics Services available on Internet in order to achieve the desired
result

i 1t Activity ]

1. Retrieve all mutations (IDs) observed in the 7th exon in men who are ex-smokers and drinkers
. by searching p53 mutations database SRS implementation at IST, Genova

i 2nd Activity J

2. Retrieve all mutations (IDs) observed by using B9 cell line as original resource
. by searching p53 mutations database SRS implemerntation at IST , Genova

3. Retrieve all abstracts of the correlated bibliographic references, of a specific mutation ID
. by searching Medline i 3rd Activity ]

Achievement: To integrate on-line Bioinformatics data in a unique result freeing the Bioscientist
from the need to personally interact with remote sites
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An example of workflow at user level

A Intron exon : intron_exon
Iinea_cellulare= B9 Sesso : sex
intron_exon= 7-exon Fumo : fumo
-\ ’ Linea Cellulare : linea_cellulare
sex=M Alcool : alcool -
fumo= ex-fumatore .

’
v

alcool= bevitore

Info_Mutazioni
Nome_Mutazioni
Intersezione_Mutazioni
Abstract

‘ Nome_Mutazioni

Z
tersezione\ut\iioni

' [Intersezione_Mutazioni = 0]

O
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Info_Mutazio

( Intersezione_Mutazioni

[ 1st Activity M

3rd Activity

o1zasJaju|]

4 Activit 2nd Activity




(Corradini et al. "04)

Software Architecture

User Application Workflow

c
[72]
(]
=
al
Q
<
(]
=
Workflow Management
Agent level workflow
' WEA ! WEB ! WEC !
. . Insieme di esecutori | | | |
Application Agents @di workflow : ? : ? : :
(workflow executors, WE) i i ( i i é,,
Activity A1 Activity B1 l l i . &
Activity A2 Activity B2 VY C1 : e : 3
| | | | o
: IR T 3
Service
Agents Management . O S | |
! © ! !
g
Resources (data, tools and services) 7
S
Tool A | | Jool B | | Jool C ®
=
<
Core )
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Workflow Management Service

The workflow management service 1s a prototype which allows the defintion of
complex queries (use case) by using workflow as a coordinaton model.

The application uses a databases to allow the user to configure use cases and manage
resulting data.

The application provides a graphical interface
The application is a plug-in for the BioAgent platform

Intron exon : intron_ekon
Sesso : sex
Fumo : fumo
Alcool - alcool

—

Info_Mutazioni 7Y

7z
~
N
N
Nome_Mutazioni

i [0 < luoizeyny"suoizesiau|]
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introne/exon= 7-intron
sex=M

fumo= ex-fumatore
alcool= bevitore
lista={"www.a...","www.b.
Indice

Info_Mutazioni[]
controlla_risultato

Intersezione_Mutazioni

Agent A

2}

Indice

. ,|Place: lista[indice]

controlla_risultato

Intron exon : intron_exon
Sesso : sex
Fumo : fumo
Alcool : alcool
=

¢ ----

Lista : lista

[controlla_risultato = no fine lista]

Controlla
lista

Elemento : indice

[controlla_risultato = fine lista]

{ Intersezione_Mutazioni

An example of workflow at

Agent B

linea Cellulare =B9

Place: lista[indice]

lista={"www.a...","www.b..."}
Indice

Nomi_Mutazioni[]
controlla_risultato

Indice
Nomi_Mutazioni \
\

Linea Cellulare :

lista={"www.f...","www.g..."}
Indice

abstract[]
controlla_risultato
mutazioni

Intersezione_Mutazioni

“«- linea_cellulare
——
<~ Lista:lista

Elemento : indice

l A
controlla_risultato («¢ - _( Che

[controlla_risultato no fine lista]

[controlla_risultato = fine lista]

Indice

[controlla_risultato = no fine list:

Controlla

Mutazioni

mutazioni

[mutazioni = mutazioni finite]

agent level

Agent C

Place: lista[indice]

uprzeinw

Intersezione_mutazioni

Controlla
lista

< -
controlla_risultato

Lista : lista
Elemento : indice

| [luoizeynw anje

[controlla_risultato = fine lista]

{ Mutazioni : Intersezione_Mutazioni
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An example of workflow at agent level

introne/exon= 7-intron A
” entA Agent B
zfnxc:kg— ex-fumatore g Cell Line =B9 9 lista={"www.f...","www.g..."} Agent c
alcool= bevitore list={" " “ Place: list[index] Indice
ist={"www.a...","www.b..."} abstract]
A " » Index ’ controlla_risultato
list={"www.a...","www.b..."} Index Names_Mutations[] Index )/ mutazioni
Index . check_risults /
Info_Mutations(] )/ Intersezione_Mutazioni
CheckResult ,

Merge Mutations .

Place: list[index]
_ -]
1 A
Move Intron exon : intron_exon
—
Sex : sex Names Mutations [*x Cell Line :
\ ell Line :

Smoke: smoke & -
Alcool : alcool Cell line

Index -7
Info Mutation ==~ ~( Find mutation v —
check_risult ¢ - -( Chei

Kist ) €= List: list
Element : index Place: list[index]
Index
4
\
\
\

\ 4
check_risult € ---~-( Checklist -=-

List : list
Element : index

[check_risult no end list]

[check_risult = no end list]

[check_risult = end list] 4
abstract N

[check_risult = end list]

supnenuw

Merge_mutations

<

[mutations = end mutations]

{ Merge_Mutations ¢ - - -

[suonenw 1810

List : list

Checklist Element : index

:

check_risult

[check_risult = no end list]

[check_risult = end list]

{ Mutations : Merge_Mutations =~ === = = - - - oo ool e e e e e e — = -
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BiOAgent X 021 (Merelli et al. "02)

BioAgent W%

% OntologyService

% GeneralWrap Service
.—

% Web Interface Service <

Agents

S

|:|:'_|-I:I TaskManagement
T

Serviet
QT v |

O

http://www.bioagent.net
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Use Cases

Use cases are a set of scenarios tied together by a common user goal. Where a
scenario is a sequence of steps describing an interaction between a user and a system.

UML definition

Some examples:

find all possible mutations that involve a given protein X
find all possible cell lines related to a given tumour Y
select all possible abstracts referring to a given protein Z
select all possible abstracts referring to cell line [

Workflow as a composition of uses cases

emanuela.merelli@unicam.it Agents in Bioinformatics 110



Use cases and Application Domains

Use cases in Cell Line domain

Al: Find information about the cell line named x

A2: Find all cell lines derived from a specific tumour or pathology

A3: Find all Cell Lines producing a specific protein

A4: Given a specific Cell Line, find all related bibliographic references

A5: Given a specific Cell Line, find all information about produced proteins

Use cases in Mutation domain

B1: Find all mutations observed in a specific intron/exon in subjects with specific sex and life
habits (i.e. smokers/ drinkers)
B2: Find all mutations in subjects affected by a given pathology

B3: ind all subjects affected by a tumoural pathology and with a given protein mutation
B4: Find all mutations observed by using a given cell line

B5: Given a specific mutation, find all abstracts of the correlated bibliographic references
Use cases in Bibliographic database domain

C1: Select all abstracts of bibliographic references, whose text includes a given term

C:
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User accounts managements

This page is offered by the BioAgent platform site. It is possible to access to the system

SErviCces
Z http://127.0.0.1:8080 /wmsindex.jsp - Scorty Explorer i o =] ]
File Modffica Visualizza Preferiti  Strumenti  ? | -
3 3 w O [ JC e
Q-O HEAGLANLEB R =
Indirizzo [&] http:{{127.0.0.1:8080fwsfindex.jsp 1 1= 15 |
Google - I L]l &b Cercanelweb ~ | [ opzioni

If you have already a login and password,
Submit

University of Camerino

i
1

1

1

= 1
=3 \
1

1

1

1

Department of Mathematics and
Computer Science

Through the New User botton you can

Lo ! — register
Password [— ____________________________________________________________

Enter | Clear | New User |

|@ Operazione completata l_ I_ [_ |O Internet

A
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Z§ http://127.0.0.1:8080,/wms/index.jsp - Scorty Explorer 1ol ll
File Modifica Visualizza Preferiti  Strumenti  ? l f;',"
RO REIELAPSIET Xolleae
e | Indirizzo |@ http:{{127.0.0.1:8080/wms/index.jsp j Vai
: RemOve 4 user : Google - | ;ll & Cercanelweb ~ | fed opzioni
R ' MENU
' Change user inforation '
_____________________________________ Remowve User I
A i Change User Info
' Add a new use case | l
______________________________________________ Add Use Case |
i VICW the avallable WOI‘kﬂOWS ! View Warkflow |
pC—y
Fmmmm— o ' Log Off I
| EXlt i 7|
__________ |@ Operazione completata [_,_ I_ IO Internet 7/
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y Use Cases management

The Get Use Case botton allows to configure a new use case

i~
e
en
e
e
)]
1o
Lot
e
g
)
0
Age]
rE
@)
PR
e
e)
=
oW
EO
' 8
=y
=

; http://127.0.0.18080/wms/index.jsp - Scorty Explorer = | El|_XJ 3 http://1279.0.1:8080/wms/index.jsp - Scorty Explorer = |D|l(_]
File Modifica Wisu:'zza  Preferiti  Strumenti  ? | 'q',' File Modifica Visualizza Preferiti  Strumenti 2 | 7,'
| 3 ( e S0\ ) ”p ( NG e, W
-0 HNIBGLOLEBS| R & C-O LRGILOKE®B R =
Indirizzo [&] http://127.0. 1.1:8080)wmsfindex.jsp | Bva Indirizzo [&] http://1. 7.0.0.1:8080wmsfindex.jsp | B vai
Googlev I 3‘ & Cercanelweb ~ ‘ [ed opzioni Googlev l E" &% Cercanelweb ~ | [ opzioni
- = - =
MENU SELECT A DOMAIN USE CASE MENU SELECT ONE USE CASE
Use Cases Relevant Use Cases Available
Remove User | 3 Remove User I
© CellLine | Find all information about CELL LINE =l
' Mutation Find all information about CELL LINE

Find all CELL LINES of a specific tumour of pathology
Find all CELL LINE which produce a specific protein

Setup I

Change User Info I Change User Info |

@ Bibliographic Databank

Add Use Case
View Workflow |

GetAgents Data I

Log Off

GetUse Case

|@ Operazione completata

[ |4 mternet

N\

Add Use Case
View Workflow I

Get Agents Data |

Log Off |

[ |4 mternet

|@] Operazione completata

N\
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’§http:,-","'l27.0.0.1:BUBU,;"wms;"index.isp-Scorty Explorer y _.ngl] B1: Flnd a" mutatlons Observed
File: Mtfrdiflica iﬁsuali‘zza Preferiti ' ;tn.:enti J\_? o I ‘:‘,"la |n a Sp e lel C IntI"OI’] / exon
I?:Iirizz; r@)h;pzlﬂngugﬁwlv;;indiﬂpw e @ ‘ — x| B vai !n SUbj.eCtS. Wlth SpeCiﬁC .
Google- | ElC ce i oo sex and life habits (i.e. smokers/ drinkers)
A =
MENU SETUP USE CASE
Input Value oo

Remove User

| Alcohol I drinker v I _____________________________________________________
Exon/Intron |1U-ex0n 'I
Sex |M vl

Change User Info l

Tobacco  |chewer |

AddUseCase |

View Workliow | niofkcleocm——— |
< Singlepsicans . Choose the coordination operator

" subsequent of Lse case |2 'l b e e e e e e i

Get Agents Data. I B Endiies sasd

Lag Off | Reset |ﬁ|

|@ Operazione completata I_ I_ I— |° Internet

N\
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The Workflow and Use cases

Global textual view of the workflow. Submit Workflow

3 http://127.0.0.1:8080,/wms/index.jsp - Scorty Explorer L |I:||1|
File Modifica ‘isualizza Preferiti  Strumenti 7 ] ,»".'F
N - @ F= . . W
Q-0 HNRAGILOAXE®S 2 =
Indirizzo | &] http:/{127.0.0.1:8080/wmsfindex.jsp | B vai
GOOS]C - I Lﬂ & Cercanelweb ~ | fed opzioni
= = |
MENU L5 C’as[ < 1 a0 ?agtfe Single use cacC
Find all information about CELL LINE
CellLine  |Bo (=
Remove User | Remove Use Case Change Info Submit Use Case
Change User Info |
tse Case Info tse
: 2 e End use case
e e | Find all MUTATIONS that affect a determinate EXSON/INTRON with a
specific sex and life habits as smoke and alcohol
View Workllow | Alcohol Idrlnker
Exon/Intron | 10-exon
Sex M
Tobacco chewer
Get Agents Data |
Remove Use Case Change Info Submit Use Case
Log Off |
Submit Workflow I |
j.<| =
|@ Operazione completata [_ [_ [— I' Internet 4

__________________________________

______________________________________________

Change conﬁguration of a
use case

_______________________________________

_______________________________________________________
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Data management

The Get Agents Data allows to manage data resulting from the workflow submission

3 http://127.0.0.1:8080,/wms/index.jsp - Scorty Explorer = |E||£|
File Modifica \‘isualizza Preferiti  Strumenti  ? l -
S ( R e L\
Q-O-HNRABLHKk®O 25
Indirizzo |@ http:/{127.0.0.1:3080/wms{index. jsp = B v
Google - I j‘ & Cercanelweb ~ [ fed opzioni
A Al
MENU
P
1 - Find all information about CELL LINE : Cell Line B9,
Workflow
info 2 - Find all MUTATIONS that affect a determinate EXSON/INTRON with a specific sex and life habits as
Remove User | smoke and alcohol : Alcohol drinker, Exon/Intron 10-exon, Sex M, Tobacco chewer,
Change User Info I Bornplace |ip: 127.0.0.1 port: 8000
Creation date |Fri Mar 19 00:24:12 CET 2004
End job date |FriMar 19 00:24:13 CET 2004
Add Use Case |
View Workflow I &
;’:gkmw 1 - Find all information about CELL LINE : Cell Line B9,
GetAgents Data | Bornplace  |ip: 127.0.0.1 port: 8000
Creation date |Fri Mar 19 00:26:44 CET 2004
End job date |FriMar 19 00:26:44 CET 2004

Log Off I

GetXML | GetHTML | Remove Data

[ [ [ meemet

|@ Operazione completata

N

Once we have selected
data of interest, we can

remove ofr view in
XMI. or HTML. format
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» Data view

127.0.0.1:8080,/wms/index.jsp - Scorty Explorer _ =101 x|
File Modifica Visualizza Preferiti  Strumenti 7 ‘ '}','

H
<
-
0.
()
S
8‘)
4
3
=

File Modffica Visualizza

Preferiti

/index.jsp - Scorty Explorer

Strumenti 7

QO HNRABMLOK®® 25

QO HRABMLOKE®® 2 =

Indirizzo I@ http:/{127.0.0.1:8080{wmsfindex.jsp

Indirizzo I@ http:/{127.0.0.1:8080/wmsfindex.jsp

Google- I Hl @Cerca nelWweb ~ | EOpzioni Googlev I Hl @Cerca nelWweb ~ | EOpzioni
MENU Sienliversions L0s oo oding HLITRS D3 MENU URL [http://www,cabri,org Databank dsmz_mutz
- <WorkflowResults>
- <Result url="http://www.cabri.org" databank="dsmz_mutz"> Accession_number ACC 57
- <CellLineResults xmins: a="http://www.w3.0rg/1999/xhtml"> Cell_line_name HELA

Remove User |
Change User Info I

Add Use Case I
View \Workflow |

GetAgents Data

Log Off I

- <CellLineResult:

<Accession_number>ACC 57</Accession_numbers

<Cell_line_name>HELA</Cell_line_name:=

<Brief_description>confirmed as human with IEF of G6PD,
MDH, NP established from the epitheloid cervix
carcinoma of a 31-year-old black woman in 1951; later
diagnosis changed to adenocarcinoma; first aneuploid,
continuously cultured human cell line</Brief_description:

<Description=human cervix carcinoma established from the
epitheloid cervix carcinoma of a 31-year-old black
woman in 1951; later diagnosis changed to
adenocarcinoma; first aneuploid, continuously cultured
human cell line confirmed as human with IEF of G6PD,
MDH, NP</Description>

<Depositor>obtained from ATCC (CCL 2), Rockville,
Maryland, USA</Depositor>

<Bibliographic_reference=Scherer et al., 3. Exp. Med. 97: 695
(1953); Gey et al., Cancer Res. 12: 264 (1952)
</Bibliographic_references

<Morphology=epithelial-like cells growing in
monolayers</Morphology =

<Culture_conditions>90% MEM (with Earle's salts) + 10%
FBS + 2 mM L-glutamine + non-essential amino acids
(cells also grow well in 90-95%0 RPMI 1640 + 5-10%
FBS) split confluent culture 1:4 to 1:6 every 3-5 days
using trypsin/EDTA; cells reach confluence quickly; seed
out at ca. 1-2 x 106 cells/80 cm 2 at 37C with 5% CO2
cell harvest of ca. 5-15 x 106 cells/175 cm LI

= D tClbire ~anditiones

|&] operazione completata

[T (et

Remove User |
Change User Info I

Add Use Case |

Brief_description

confirmed as human with IEF of GEPD, MDH, NP established
from the epitheloid cervix carcinoma of a 31-year-old black
woman in 1951; later diagnosis changed to adenocarcinoma;
first aneuploid, continuously cultured human cell line

human cervix carcinoma established from the epitheloid cervix
carcinoma of a 31-year-old black woman in 1951; later diagnosis

Description changed to adenocarcinoma; first aneuploid, continuoLishy
cultured human cell line confirmed as human with IEF of GEPD,
MDH, NP

Depositor obtained from ATCC (CCL 2), Rockville, Maryland, USA

View \Workflow |

GetAgents Data

Laog Off I

Bibliographic_reference

Scherer et al., 1. Exp. Med. 97: 695 (1953); Gey et al., Cancer
Res. 12: 264 (1952)

Morphology

epithelial-ike cells growing in monolayers

Culture_conditions

90% MEM (with Earle's salts) + 10% FBS + 2 mM L-glutamine +
non-essential amino acids (cells also grow well in 90-95% RPMI
1640 + 5-10% FBS) split confluent culture 1:4 to 1:6 every 3-5
days using trypsin/EDTA; cells reach confiience quickly; seed
out atca. 1-2 x 106 cells/80 cm 2 at 37C with 5% CO2 cell
harvest of ca. 5-15 x 106 cells/175 cm 2

ELISA: reverse transcriptase negative; PCR: EBY-, HBY-, HCV-,

|&] operazione completata

V) HHV-B-, HIV-, HTLY-1/Tl-
cytokeratin+, cytokeratin-7+, cytokeratin-8+, cytokeratin-17+,
Properties cytokeratin-18+, desmin-, endothel-, GFAP-, HVB-45-, 4|
[ |8 mnternet 7
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Future extensions to the tool

* Design and implementation of a
knowledge database

* Automatic generation, from a
workflow to a Multiagent
system that behaves as the
execution engine of a W{MS

* Development of an ontological
service to support the user
during the &HOO OLAH| ([SR ' 3URWH.Q

' 1$ &KDQUH

\ & H
$D&KDQUH
7LVVXH 0 XWDWLRQ
TLVWXH e @.
7XPBRA
7\

/ HUWK Q
D s
$ OFRRO
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La Struttura Cellulare

Mo oA Componenti Coinvolte
poret ', Wiy - Citoplasma
celhalare A4 . ]
iy mﬁ?rom loroplasti « Mitocondrio

— Matrice Mitocondriale

— Membrana
Mitocondriale Interna

citosol
citosche-
letro

plasmo- X f
desmi '
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Processi Cellulari

Nel Citoplasma:

e Glicolisi

 Fermentazione Lattica->(senza Ossigeno)

* Fermentazione Alcolica—-> (senza Ossigeno)

Nel Mitocondrio:
 Respirazione Cellulare—>(se c’é Ossigeno)
 Matrice Mitocondriale:
e CiclodiKrebs
e Membrana Mitocondriale Interna:
« Catena Respiratoria
 Fosforilazione Ossidativa

emanuela.merelli@unicam.it Agents in Bioinformatics

121



Citoplasma — Glicolisi

1° FASE e 2° FASE

~

GL'COL'SI 2 —l—HU__O_D D-QIIo-:-’acece-‘_’,-'oyato] GL'COL'S'
o7 8 ke | 2NAD" + 2Pi
© |

oH : :
EH,04 2I\ADPDeldrogeneasl
ATR 0, ,0—P
(1 ) K Chinasi 2 _T_C‘- acido D-1.3-difosfoglicericn |
ADP H—o—p

2ADP
e (7) K Chinasi
}_Vi‘:‘* 2ATP

oH | D-ghucosic-6-fosfalo l O\\A,O-f
b iH: ?_0— . 2 _I_o_{ acido D-3-fosfoglicerico
o CH—-0—-F
(2) ” |somerasi (8) ” Mutasi

O, OH 2H,0 0,, .OH 2ADP 2ATP| O, ,OH

CH, 0= N 2 \\C,- c

. [ | 2 —T—O-P —L o| 52 ﬁ-o-= L2.- |2 ¢=0

%-. D-frutiosic-c-4cetsto | cior  |[Enolasi CH, Chinasi ¢x,
o= |

H;—O—?:o' | acido D-2-fosfoglicerico I (9)| acido 2-fosfoenolpiruvico |(1 0){ acido piruvico I
o

|~ ATF

(3)! Chinasi =

digmossiacecne-o
The ADP CHe -

‘EH:‘-O'E‘C- / j::o-. G ))

“4o 2 _ Qc(iolas *
&?:O'E:O- 41 ~\—T—‘ZH -
C40-p-0

2 acido piruvico + 2ADP + 4ATP +
2NADHrid + 2H20

DO-frutiosio-1 6-diostato

I O-gliceraldeide-3-4catato |




 [In condizioni anaerobiche, cioé in
assenza di ossigeno, bisogna che
qualche molecola funga da
ossidante.

* L’acido piruvico puo essere ridotto
ad acido lattico per consentire
I'ossidazione del NADH a NAD+.

Citoplasma — Fermentazione Lattica

emanuela.merelli@unicam.it Agents in Bioinformatics
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- 2 NAD+\
\ 2 NADH ./
Y
acido
piruvico

fermentazione
lattica
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Citoplasma — Fermentazione Alcolica

In condizioni anaerobiche lI'acido
piruvico, il prodotto finale della
glicolisi, puo essere ridotto con
una diversa via metabolica.

L'acido piruvico viene
decarbossilato ad acetaldeide,
per poi essere ridotto ad etanolo.
In questo modo viene ossidato il
NADH a NAD+ e si puo continuare
la glicolisi.

glucosio etanolo

A

% 2 NAD" ~
\ INADH ./

CO,

Y Vs
acido ‘L acetaldeide

piruvico

fermentazione
alcolica
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. In condizioni aerobiche la glicolisi
costituisce solo il primo passo della
respirazione cellulare cioe
dell’Ossidazione del Glucosio a CO: ad
operadi O: .

. Il NADH prodotto viene riossidato a NAD
+ e questo si realizza ad opera
dell'ossigeno molecolare O: che si
riduce ad H20 nella catena respiratoria.

Mitocondrio - Respirazione Cellulare

glucosio H,O
A

- 2 NAD+\
\2 NADH ./

Y

acido O
piruvico

M

respirazione
cellulare
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acido (S)-malico

chema Ciclo

1
acetil-CoA CH;—C—S—CoA

acido ossalacetico KCOASH COOH acido citrico
COOH

- HO—O—COOH

NADH CH-, ,,f- Gty
NAD* C 1. Citrato i H.O
OOH sintasi COOCH X .
COOH 8. Malato . COOH
HO—(;‘,—H deidrogenasi 2. Aconitasi (::H2
Chy C—COOH
COOH CIIH
HP —v 7. Fumarasi COOH H,0

acido
cis-aconitico

emanuela.f

Felis 6. Succinato Ciclo di o acido
i deidrogenasi Krebs H—C—COOH isocitrico
?OOH HO—CID—HH
acido CHy
succinico CH; 3. Isocitrato /
COOH 5. Succinil-CoA deidrogenasi NAD*
sintetasi
COOH e
COOH 4. o-chetoglutarato &n:Hz
CHe deidrogenasi 3. Isocitrato Hg CooH
CHy co, deidrogenasi ¢=0
g_o: . CoasH  QOOH COOH acido
succinil-CoA T ossalosuccinico
— &,
NADH NaDt (I:::O co.
COOH -

acido o-chetoglutarico
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Sintesi Processo

Gilucosio

2 ADP 2 NAD"
2 ATP 2 NADH

2 acido piruvico

2 NAD"
2 CO, 2 NADH

Glicolisi:

2 ATP; 2 NADH

Decarbossitaziond Decarbossilazione Ossidativa:

-artx
2 acetil-CoA
2 ADP 6 NAD" 2 FAD
Ciclc di Krebs
2 ATP 6 NADH 2 FADH,
4 CG,
Totale 4 ATP 10 NADH 2 FADH,
I I
_____________________ 1
: I
—
| |
I Y * .

OX FeX,
NADH RID

ADP ATP ADF’ ATP

10 NADH

P

4 ATP 30 ATP

Fe' oZ* e ot

Fe'-'" o,
OO &

Fe?* cu®

.

H

N

ADP ATP

2 FADH,

@

4 ATP

Fosfornlazione

Totale: 38 ATP

2 CO2; 2 NADH

Ciclo di Krebs:
2 ATP; 6 NADH; 2 FADH:

Fot-4ATP—t0-NADH—2-FADH?>
Catena Respiratoria:
1 NADH-> 3 ATP

V1 FADH2-> 2 ATP
(10 NADH*3) (2 FADH*2)

4 ATP 30 ATP 4 ATP

+ot: =




Approccio ad Agenti

Quando un sistema si presta maggiormente ad essere modellato con un approccio Agent-
Oriented? (1/2)

* In situazioni in cui sono richieste tipi di comunicazione complessal
diversa.

* Quando il sistema deve rapportarsi bene in situazioni in cui non é
possibile specificare il suo Behavior in ogni caso.

* In situazioni che coinvolgono la negoziazione, la cooperazione e la
competizione tra diverse entita.

* In situazioni in cui il sistema deve agire autonomamente.

* Quando il sistema potrebbe espandersi o essere modificato
inaspettatamente.
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Approccio ad Agenti

P Realta complessa come le Scienze Biologiche, in particolare lo studio dei
processi inter e intra cellulari.

E In un processo come la “Produzione dell’ATP nella cellula a partire dai
Carboidrati”, ci siamo basati sul paradigma ad agenti perché:

v" Sono capaci di Azioni AUTONOME e FLESSIBILI;

v" Sono situate in un dominio APERTO, DINAMICO e NON PIENAMENTE
CONOSCIUTO;

v' Sono situate in un dominio in cui devono obbligatoriamente
INTERAGIRE con altri agenti - MAS;

v' La complessita dei processi cellulari richiede un paradigma di
coordinazione e collaborazione come quello ad Agenti.
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Metodologia Utilizzata

Schematizzazione della metodologia PASSI

Initial

Requiiments Next Iteration
System Requirements Model Agent Implementation Model
P—
| Descz?m | Multi-Agent Single-Agent 1
Stracture Code Model
Identification Production
 E— L _J
Identification

Ontology Roles Protocols Deployment
Descripnon Description Description Configuration

Agent Society Model Deployment Model

emanuela.merelli@unicam.it Agents in Bioinformatics
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8 Fase 1: Domain Description
O\%Q

FermentazionelLattica

<<extend (from AgCitosol)

: tend>>
Glicolisi
(from AgCitosol) Q

ggiornaDatiCondivisi MostraATPCitosol
(from AgStatoAttuale)

(from Aglnterfaccia)
\«xle a>>

MostraQuantitaAttuali

(from Aglnterfaccia)

Trasporto CatenaRespiratoria

(from AgMembranaMitocondrialelnterna) (from AgMembranaMttocondrialelntefia)

INIZIALIZZAZIONE\%

(from Aglnterfaccia)

U

CicloAcidoCitrico

Utente

(from AgMatriceMitocondriale)

~ OssidazioneParzialeAcidoPiruvico ) o )
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Fase 1: Domain Description
| 5 AGENTI DEL SISTEMA

“AgCitosol”: corrisponde al citoplasma della cellula al cui interno avvengono i
processi di Fermentazione Lattica, Glicolisi e Fermentazione Alcolica.

“AgMembranaMitocondrialelnterna”: corrisponde ad una parte del Mitocondrio in
cui avvengono i processi del Trasporto del Piruvato in input, Trasporto di elettroni
e Catena respiratoria.

“AgMatriceMitocondriale”: corrisponde ad un’altra parte del Mitocondrio in cui
avvengono i processi di Ossidazione parziale dell’acido piruvico

(decarbossilazione ossidativa) e Ciclo dell’acido citrico (Ciclo di Krebs).

“Aglinterfaccia”: corrisponde all’lnterfaccia del sistema a cui accede [|’attore
Utente.

“AgStatoAttuale”: corrisponde all’ambiente, ¢ il “tuple space” del sistema. Tutti i
processi cellulari che producono e utilizzano sostanze comunicano con questo
agente.
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<<Agent>>
AgCitosol

<<extend>> <extend>>
C o -

. . Glicolisi
Fermentazionel attica

(from Ag Citosol)
(from Ag Citosol)

Fase 2: Agent Identification

Utente

(from 01-Domain Descyiption phase)
A

O

<<communjicate>>

(from AgInterfaccia)

<<Age >> I
Aglnterfaccia
<<extend>>

INIZIALIZZAZIONEM ostraQuantitaAttuali

) MostraATPCitosol
(from Ag Interfaccia)

(fromAg In;cerfaccia)

<communjcate>>

(from Ag MembranaMitocondrialelnter...

<<Agent>>
AgMemibranaMitocondrialelnterna

Trasporto

(from Ag MembranaMitocondri

<zxcommunicate>>

<<communicate>>

icate>>

<<communicate>> <<communicate>>

¢

emanuela.myq

<<Agent>>
gMatriveMitocondriale

<<communicate>>

Agent>>
xo ttuale
/AgginnaDatiCondivisi

(from Ag StatoAttua...

<<communicate>>

C o——C O~
ssidazioneParziaIeAcidoPiruvicoCidoAcidoCimco

(from Ag MatriveMitocondria...

(from Ag MatriveMitocondria...
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Aalnterfacc AastatoAttuale AqCitosal AaCilosi Aginterfar
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- Utante

Inizializzazione
Aglnterfaccia

AggiormnaDatiCondwisi .

AgStatoAttuale

Fase 3: Role Ildentification — Fermentazione Lattica

DatiJtente

Paramatrilniziali

-

Glicalisi Fermentazionelattica .

AgCitosol

MostraATPCitosol -
Aglnterfaccia

Inizializzazione OK

—

Richiesta ZuccherolNput + Dati Necessari

e

ZuccherolNput + Dati Necassari

............................................................... )

AggiornaStateDopoGlicolisi

GlicolisiOK

AgCitosol

Richiesta Piruvato + DatiNdcpssari

Piruvato + DatiNecessgri

AggiomaStatoDopoFermentaziLr alattica

Stampa ATP + Tutti i dati

ATP

emanuela.merelli@unicam.it
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Fase 3: Role Identification — Via Aerobica Completa

f >0

nzamszece AggemaDatCandvs - Giccls - Trasporta - OsslazicnePuziyeACioP s - ChiaAcaaCTico | [ —— MosraATFChog |
Aginertacel AgStalAtuze AgChusd Agemararaibecorcrasintama AgMaticeMimcandrae AgatieMtocenase Aghlemoraralibccarcrasintana Agriertaccis
Datutents __|
anmetinzal
InZitlzzazonadK
RenesazucchenipteCati Necaszar
Zuccrercinput « Datl Necassar
AggomaSatoDopeGloly
Gllealelok
TrasperoOK
>
Riblesta Fruvio + Dad Nacaszaf
Flruvato + Dy Necessard 1
anqmmmo“mmﬂ:lym
T LM CrnliszenePuzyeFARnON
RichiestaAcet! + Do Necessart
Acst-Cad + DatiNecessar
_____——____—__—__—_ﬁ
mnmsm{xpocmmm
| CicioAclieCiizalK
i Richissts NAD + FAD « Datl Necessdd
NAD + FAD + Datl Necaszar
I NS g | S S SN .
R '} ]
Stampe ATP <t | dat N
" Visusizzs ATP » Tuet | dat
Y




Fase 3: Role Identification — Via Aerobica - 1

- Utente Inizializazione : AggiornaDatiCondivsi : Glicoksi : Trasporto : OssidazioneParzialeAcidoPiruvico : CicloAcidoCitrico :
: Aginterfaceia AgStatoAtiuale AgCitosol AgMembranaMitocondriale/nterna AgMatriceMitocondriale AgMatrceMitocondriale
| Datiltentz, | ‘ ‘
“11  Parametrinizal
o
Inziaizzazione K 31
RichestaZuccherolnput+Dati Necessan
3
| ZucoheronputsDatiNecessari__ |
AggiomaStatoDopoGlicolis
?( GlicosiOK
T TrasportoOK
| P Rich|esta Piruvato = Dati Neczssari >D
) L
. QN .
_______EW@E%______Q
AggiomarantoStatoDopoOssidaz(wPirw*o
< | |
.[ ‘ | OssidazioneParzialePiruvatoOK
| | | | |
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Fase 3: Role Identification — Via Aerobica - 2

- Utente AggiornaDatiCondivisi - OssidazioneParzialeAcidoPiruvico : CicloAcidoCitrico : CatenaRespiratoria : MosiraATPCitosol :
e AgStatoAttuale AgMatriceMitocondriale AgMatriceMitocondriale AgMembranaMitocondrialeinterna Aglinterfaccia
: ,  OssidazioneParzialePiruvatoOK \!
! RichiestaAcetiI-CI A + Dati Necessari !
Acetil-CoA +|DatiN i
- AcewhoAnlanflecessan )
a
| AggicmaStatoDopoCicloAcidaCitrico
N |
CicloAcidoCitricoOK
» Richiesta NAD + FAD + Dati Necessari ,L!J
&
| __NAD+PFAD+DatiNecessan || .|
| AgaiernaStatoDopoRespirazioneCellulapg
N [
Stampa ATP L Tutti i dati || - |
| Stampa ditutti i dati | |

blllallubla.lllblbmwuJuLalll.lL

ilgblll,b 1 DIOHNIToriiiacucs




C Aginterfaccia, GetData >

—

<AgMatnceMitocondriale. RequestData” j;
v-l.l""r.'.r.l'

( AgMembranaMltocondrlalelntern;Reque.'.tData )

CQMembranaMllocondnaleInterna.GctDat:D

GgMembrnnnMitocondrialeInternu.ATPSmtetarb

ey,
",
"y,
",
"y,
oty
“ta,

-

(Ag MatriceMitocondriale SendData

(Agcuosol.s.:ndoau;) ”””””

-

el
( AgCitosol Listener >

.

(Aglntcnaccm,Imzmlnzzaznonea_

[

Richigsatad

T Tvio Dat

A
~
"
yorer ™
o

Inmfa_uzzazl'oneOK (Fase =0)

TrasferimentoDati

ey,

—

p
— ot
se = 0)
o
P'”"-"

poret
o’

Fase 4: Task
Specification —
AgStatoAttuale

SendData risponde

N
( AgCitosol GetData > [ Fase =4 & ]/ StampaDati
--.-"h‘_ '.’“-_ .-
—
_________ ¢
( AgCitosol RequestData ) ~~~~~~~~~~
—
S Trpug per Glicolysi ChekkFase
~~~~~~~~~ T
RichiestaDati[ ...
— ‘ e,
(AgMntrlchltocondrlaIe,GctData ~~~~~~~~ o,
P InvioDati| T NS
—
RichiestaDatif "

“,
",
",
e,
",
e,
",
-

-

.
ggiormnamentoStatus ;

alle richieste degli
UserAgent dei dati
necessari ai loro
processi; In base alla
richiesta ricevuta
inviera i relativi dati
aggiornati

AggiornamentoStatus

—
s -

,( Listener ) . .

attende i dati alla fine
di ogni processo e
aggiorna lo stato

attuale dell’ambiente
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{ Cartoidrans == Lanosio )

<= Sescarcsio]
N . Soscans
[Carbo o ] Gefatosio
Ve
-

icalllic CR M0z OR Framsio . o x Checcki 1.5cetas

bocic Gamtosinast

2 0qucosio ™
Isgffatama) g ciion

Inisizzakiose efeauats| Fas 0)

[ Canoidrn

II° Fase
Glicolisi

FinaFerman et acdstanis,
Fine Sancls, NaDox
Ditross
ot o
Sesdouts 2 P

Faso 1 Ossigens | \
e
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Fase 4: Task Specification — Agente Cytosol

Glicolisi

( Agsawaemgbmw

(Agsmmmale.&ndm?

Controllo Carboidrato
+ Prima Fase

Fruttosio Glucosio
I
Mannosio Maltosio
|
Lattosio Saccarosio

Glicogeno OR Amido

[ Carbgs

[ Carboidrato == garosio

[ Carboi

i 2== Glicogeno OR Carboidrato == Amido ]

Saccarasi Glucosio OR M , OR Fruttosio

[ Carboidrato ==Mannosio 8-Fosfato ]

emanuela.merelli@unicar

Fruttosio §-Fosfato |

\7

Frutiosiff 8-Fosfato

[ Carboidrato ==

i -[ barboid g == Lattosio ]

(grrerm

Galgllosio

|
Galattoslp

A 4
(Ganamosuoumfosramummasrerasl)

1-Fosfato n [/ Glucosio 1-Fosfato

3lucosio B-Fosfato |

Glucosi\i-Fosfato




Fase 4: Task Specification — Aginterfaccia

<<External Agen...
Utente_InputForm

Dati Input

Inizializzazione
Trasferimento Dati

]
AgStatoAttuale AggiornamentoStatus )

AgStatoAttuale. SendData  \ >< GetData >

: \'4
<<External Agen... ﬁTP e lutte Io altre m}o MostraATP

Utente.ShowResults N

<<External Agen... \ Chiusura Applicazione

Utente Exit 7 > Esci )
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Fase 5:
Domain

Ontology
Description

1 11 M 2 A 2 D _ - C 2 4 42
CIHAIIuCId. IIICI Ut UL I AT IT 1,\5\,11“) T DTUIIITOUTTTIIAUC S 1 TJ




Fase 5: Domain Ontology Description — Concetti principali

< > ¢¢:onnp‘b~
romantamencos Femonzionetatc [
& NADG: Int ENADNA : It ~ it
6002:“ W“”m QH:O'lﬂ.t
QBIIIOIU timt MMCO tint MTP ..lnt
& Pinwveio : Ind W.: Int
1_| g &FAD :Iml
) EFADH2 : Int
~ L
/ ontm
=<goncepi>>
ey Gruppa Dall Condiial .
Gruppo Datl Glkolig]
& Caalgeno : Boolean
?ﬁarlbnt;ldm -int 1 ¥ / <<goncapt>»
MQ .T;,:.l"n; | ==<concept>> 1 %n:::‘:)n:'tGPP
& NADI : Int ——— | __FaEa &C02 ' nt
GNADax :Int &ID: Int 4 G NADr : Int
& Pinwata : Int &MNome : 8iring 1 |& NADox :Int
&H20: Int & CoA:Int
& TipoFsmentazicne : Int \ & AcetiCoA: Int
««tancapt>>»
Gruppo Dati Respirazions Callulara
c.* w :
w?.‘. I|r|=t
<«<20NEBph>= Q..-wm Int
Carboldrato EHATP it
&pID_Tipo : It &HADP - Int
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Fase 5: Domain Ontology Description — Gruppo dati Glicolisi
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<<action>>
SendLA
(fmm Demain)

<<pctiore>

CatLA
{fmam Damain)

<<pction>>

ReguentLA
{(fmam Domnin)

CeeAct>> Send(}

SxcAct>> Oetf)

Sx<Act>> Requast()

"N

|
<<concept>>

Femantazionalattca
(Mam Domain)

7.

& Pirvato : Int
ENADHY ; Int

&NADox : Int
SAcldoLattico : Int

l1
<<concept>>
Fase
(fem Demaln)
&D:int
&Nome : String

Fase 5: Domain Ontology Description — Fermentazione

<<concapt>>

Fase
. (from Damaln)

&ID ; int
&Noma : String

j

‘GNADrd : int

<<concept>>
FarmentazioneAlcolice
(frem Damain)

oo
o=t

N

!

<<action>>
SendFA
{fram Domaln)

N

<<gction>>
RequsstFA

{from Domain)
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<<action>>
GetFA
(tram Damaln)
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<<goncept>>»
Fase
Orum Damal )
D:im
EyNomu : Siring

<<yciion»»
EGaCdK
e Demal) <<cancapt>>
Gruppo Datl Glelo Krebe
“<eAcl>> Gat]) Urem Ovemn g
” Wq: It
<<action>»> ENADrid : int
RaquantCdiC 2;233 e
G LT S| B
> Roqueet) EFADHD : ink
: / 5002 Im
<<uciiona> E&AceiiCoA : inl
SsndCdK &CoA " Int
i LT ]
SecAct>> Sandl)

Fase 5: Domain Ontology Description — Gruppo dati Ciclo di Krebs
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Fase 5: Domain Ontology Description — Fase

<<pradicale>>
IlRoepthonq=OK
‘uhn: Hoalean
<<prodicaio>>
kCidolkrabs 0K
hduo:&d-n cprdicer>
{ InTrapario_OK
\ <<concopt>> Epvalun : Boolsan|

<<prodicaie>> /

\ <<pradicats>>

—tlnile IsGlicalisi_OK
<<predicata>>
inzidlzzazions_OK
ha: Baclesn
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Universita di Camerino ok ak

o =
e — O~
= ~~mr
<— =y =
~——— <y TN .

Fase 5: Communication Ontology

APt i i — ; - . . . . .
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Fase 5: Communication Ontology — Esempio 1

AgIt> >
AgStatnAttual
dum Bammelewtinn)

& DatiCondhsl | Gruppa Datl Candivial

<40 ommun shion >»
Aginlafuccs - AgStetoAttuslad
Cront Oonanu n | callen)

+Ontology : MDII Condivul
sLanguage : XML
¢Prolncal - FIPARaquast

TP Clowpl

Aginteraccin
Fram Onreesssbart o

<<Cormmunicallon>>
Ag3l soAtthiale - Agimledeccind
(rem Commmnl antiex)
: Gruppa
olanguags : WL
+Prolocol | FIFARsquest

: Gruppa Datl Condival
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Fase 5: Communication Ontology — Esempio 2

<aComuuriatem>
Aghdytrio Ml oo d kel 4 - AgStetadiin o1

«<Cont mamd call 0 >
Aghl wdambd o ruska | - Ag RiminAdl awd

¢l mnlapy: Owpps Datl Clale Kaskem

oLampuagn : XL
+FiDN : FIPARSUMNE

+Outalngy : Amppe Dudl OPP
slangungs : AN
oProiees] : FIPARE yosst

Ao v DRt U
Al M ool taac vl 1 I - Ag IteNRL RlaD
$Qrivbuyy ; Sruppu Dutl OFF
Ll pumgn - XML
oPuinnal | FIFARS Ul

Aghl rishenblits vansda s

-

AL sab - o Lt TS A oF v

£ Ot wad o i Pinnarts = Samp s Dull PP
£,CieivamOube : Sreppn Dl Clcke K
SFmn

A o8 lrna et 5o d

<<Ageats>
AFRxiAE o
Daniivil : Gmppe Dall Doniivid

sApaie
*Aggma nd

+Apaty Comdiriel

LT M | et pa>
Al EUrAeARL ab - AQ kot oe LEBoasa i alad
¢Qrinlayy: Swuppu Dutl Claln Kandex
olangumgn = XL
+F'mimonl | FIFARsquUW

1 =<

o4 fl e u el >
Ag bt na bk amd rinde -

Agiwiniiie 1| n2

#Owtslegy : Owppe Dat! o Knde
olanguage : XML
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Fase 6: Roles Description

| -
— —
e L, /-..

* Aginterfaccia

Ariiivilings gl wd madiahed

Aphhbbebbiumnbinis

== . e

AgStatoAttuale s

AgGitoso \@// SE

| ﬁﬂﬂi kl
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Fase 6: Roles Description

Ag Intarfaosla

Ciclo di vita di

Aginterfaccia
WesraATP Gltesal Iniztaltzzazione
| (romAgineriwcria) F—
{OaiDatal) —
MastraATPY) Unizalizzazioned
'/‘\l
/= Ruoli:
=~ B Inizializzatore
B Visualizzatore Risultati (MostraATPCitosol)
& Comunicazioni:
F Inizializzatore
- Inizializzazione: Invio di GDC (inseriti dall’'utente) ad AgStatoAttuale.
F Visualizzatore Risultati (MostraATPCitosol)
- GetData: Ricezione GDC aggiornato da AgStatoAttuale.
- MostraATP: Filtraggio e Visualizzazione dei risultati finali.
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[
Agl b |
e it omm Laling
Ciclo di vita di
g ‘e
AgCitosol Sl
e pmastOuing)
LA o Dol v et
ok
; | .. |
N . ; s
/= Ruoli. .
N —— Adaknit)
. . Sl bl Furevbcl s ekl m |l
E Glicolisi * Swwaldn mil) | ey
. . * Fnbo-iln ol | i)
B Fermentazione Lattica * PrsnglnsarteCh na) * Pruyundd vial)
: : N ] “tviDuin)
F Fermentazione Alcolica Pl 4 M Pl Db | i)
Fotinsskd tul) “Ahaalt s k()
. = = “oaolilan il 0 e ia0
& Comunicazioni: uiaetdanmt
. Gurttunts Uniaafulnd) ST mafs. i)
. . . Y )
E Glicolisi 0k YUY SR ST R—
- Listener: Ricezione Fase da AgStatoAttuale L oRmgu neF nafmiienl CF Amsiis F miedd | mil)
- RequestData: Richiesta GDG ad AgStatoAttuale 2‘”
- GetData: Ricezione GDG aggiornato da AgStatoAttuale (-"h_?
- SendData: Invio GDG aggiornato dopo Glicolisi ad AgStatoAttuale T
- ControlloOssigeno: Se presente—>Invio Fase ad AgMMI “Aapoer® 1t
2 vam i)
B Ferm. Lattica (Alcolica) Mo S ;
- RequestData: Richiesta GDFL(GDFA) ad AgStatoAttuale
- GetData: Ricezione GDFL(GDFA) aggiornato da AgStatoAttuale
- SendData:Invio GDFL/A aggiornato dopo Fermentazione ad

AgStatoAttuale
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I -
/2 Ruoli:

B Trasporto
B CatenaRespiratoria

& Comunicazioni:

F Trasporto

- Listener: Trasporto della fase da AgCitosol ad AgMatriceMitocondriale.

E Catena Respiratoria

- Listener: Ricezione Fase da AgMatriceMitocondriale.

- RequestData: Richiesta GDCR ad AgStatoAttuale.

- GetData :Ricezione GDCR aggiornato da AgStatoAttuale.

- ATPSintetasi :Invio GDCR aggiornato dopo la Respirazione Cellulare

ad I\nS{-nh\I\H-- 1ale
TGO tarto/ttereer
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Ciclo di vita di
AgMmI

THsBORe
de-ﬂhtﬂh

“Litaner)

ROLE QHANOR

Crtes sRapirsiaria
| { e Agiibe rebasnali Foo areirisle ey

CATPSintrtal
SCRosameCy
Lonbring
“LGornplesecd
“I_Compluwe(}
“I_Complama)
“V_Curmplomc(
listunay
CRequenData)
“Ukishinonnd

o
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Ruoli:

B Ossidazione Parziale Acido Piruvico
B Ciclo Acido Citrico

Comunicazioni:

F Ossidazione Parziale Acido Piruvico

- Listener: Ricezione Fase da AgMembranaMitocondrialelnterna.

- RequestData: Richiesta GDOPP ad AgStatoAttuale.

- GetData: Ricezione GDOPP aggiornato da AgStatoAttuale.

-SendData: Invio GDOPP aggiornato dopo I'Ossidazione Parziale
dell’Acido Piruvico ad AgStatoAttuale.

F Ciclo Acido Citrico (Ciclo di Krebs)
-RequestData: Richiesta GDCdK ad AgStatoAttuale dopo I' Ossidazione
Parziale dell’ Acido Piruvico.

AghatricaMitacandriala

Ciclo di vita di

AgMatriceMitocondriale

OsidazionaPazialaAoida
Plruvico
m@mm

S“LUstsrax)

“Ra quastD atal)
SostDutn))

Pl rustoD sldrs gen =K)
<8z ndData)

[ROLE GE]

LlslsAsldallitice
(irar AQ Malirioshd Hesondrielel

- GetData: Ricezione GDCdK aggiornato da AgStatoAttuale.
- SendData: Invio GDCdK aggiornato dopo il Ciclo dell’Acido Citrico
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SChrateSintasl)
SGContsggleQuuntitd)
SFumarasi}
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SLitenerd
S“MulatoDeldrogenasil
S“RequesiDaind)
<SandDatal}
{BueainatsDaldragan asi(}
SEusanl FCoASIntetasi
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|
AgStatoAttuale
-~ Ciclo di vita di
= AgStatoAttuale
() . AggiomaDatiCondivisi
,)ﬁ/ Ruoli: (from Ag SaioAthale)
o
B Aggiorna Dati Condivisi $Listener)
‘SendDatal)
& Comunicazioni: “AgglomamentoStatus)
FE Aggiorna Dati Condivisi

- Listener: Ricezione dei messaggi di tutti gli altri agenti.

- SendData: Invio dei dati relativi al tipo di comunicazione richiesta.

-AggiornamentoStatus: Operazione di aggiornamento di GDC a seguito della ricezione
di un gruppo di dati specifico da parte di un altro agente.
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Fase 7: Protocol Description

Initiator

Request

Partecipant

FIPA-Request Interaction Protocol

P——————l

Inform-result : inform

[Response necessary]

———d

Il “Partecipant” processa la richiesta e prende la decisione di accettarla

o0 meno. Se avviene il rifiuto, allora refuse = true e il Partecipant

comunica un ‘refuse’. Altrimenti, agreed = true.

Se la condizione indica che é richiesta esplicitamente un’ accettazione
(notification necessary = true) allora il partecipant fornisce un agree.

Una volta che la richiesta & stata accettata, il Partecipant deve comunicare:

F Failure: fallimento nell’ esecuzione della richiesta
F Inform-done: Se si vuole notificare il compimento della richiesta
F Inform-result: Si notifica il compimento ed il risultato della richiesta

Oagni interazione che utilizza questo protocollo & identificata globalmente
tramite un unico (e non nullo) conversation-id, assegnato dall’ Initiator.
Gli agenti coinvolti nell’interazione devono contrassegnare i tutti i

loro messagqgi ACL con guesto identificativo di conversazione.

Our Hermes Interaction Protocol

L'interazione tra UserAgents e ServiceAgents avviene tramite messaggi
{ Senderldentificator , Receiverldentificator , MessageContent }

L’Interaction protocol va dunque implementato ad hoc.
Nella nostra simulazione, sono stati adottati i seguenti principi:

k |l Partecipant non puo rifiutare la sottomissione di una Request.
F Una volta accettata la richiesta, il Partecipant comunica, a seconda della
fase corrente, un Inform-result.
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Fase 9: Deployment Configuration

PC_Interfaccia

PC_Ambiente

A:AgStatoAttyale

I:Aglnterfaccia

LAN

PC_Citosol

Considerazioni

PC_MembranaMitocondrialelnterna

MMI:AgMembranaMitocondrialelnterna

_simulazione in un

alla fantasia del Pr¢
Infatti, sempliceme
metodi relativi alla
implementando - q
richiesta - la migra:
generare diverse ¢

deployment.

a demo da noi realizzata includera
isicamente ciascun agente all’interno

ella stessa piattaforma locale anche
se era stato ipotizzato, in fase di
modellazione, di sperimentare la

ontesto realmente

2 LAN).

tica di

pecifica per questo
distribuita puo
adattabile

ilizzo o comunque

bgrammatore © .
nte modificando i
comunicazione ed
ualora fosse
zione, Si possono
onfigurazioni di
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Implementazione su Hermes

Requisiti e Limitazioni poste

Soluzioni possibili

F Gli agenti comunicano tramite messaggi
dalla struttura nota (C.O.D. Diagram) che
rappresentano concetti noti (D.O.D. Diagram).

F Le comunicazioni sono sincrone.

F L’ interazione tra agenti richiede un
protocollo request-response like.

F Gli agenti devono, all’ occorrenza,
“conoscersi”. (e.g. Per permettere lo scambio e
la validazione delle informazioni, due o piu agenti
devono possedere gli Identificator dei partecipanti
della comunicazione).

m Ciascun concetto é una Classe Java
poiché viene trattato come un complesso
tipo di dato interscambiabile.

m Utilizzo di getMessageSynch () per
ciascun Message.

m Implementazione (da codice) di un
protocollo ad hoc.

m Registrazione di tutti gli Agenti ad un
ServiceAgent ‘RegisterService’.
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Implementazione su Hermes

P Simulation Context: CellPlace su localhost

Hermes GUI

e E

%/ serviceAgents (2):
m AgStatoAttuale
m RegisterService

e

LaunchAgent | Refresh
Herm | Agents | bornAgents

Place onip: 192.168.0.111 port: 3000

® [ servicesAgents(2) \/
@~ [ AgStatoAttuale

g T ——
esHlace

- [ ReaisterService ﬁ userAgents (4):
It%erﬁgentsm ) m Aglinterfaccia

©- [ AghiMI :

o [ AghiM m AgCitosol

©- [ Aginterfaccia m AgMM

@[] AgCitosal ____J m AgMMI

Motivazioni Principali

> AgStatoAttuale rappresenta un Ambiente artificiale, contenitore di dati aggiornabili e condivisibili
da ciascun agente. Esso pud anche intraprendere operazioni attive (e.g. passaggio Fase etc.).

> Register Service ¢€ stato introdotto appositamente per implementare I'interscambio di Identificator.
Questo & fondamentalmente fondalmente un servizio... quindi € un serviceAgent ©.

» | rimanenti agenti sono userAgents dal momento che rappresentano componenti mobili del

sistema.
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mplementazione su Hermes

1336

F Registrazione di AgStatoAttuale e RegisterService

AgStatoAttuale

%

public void init() public void init()
{ {
reception() ; reception() ;
System.out.println(this.getAgentName() + " Attivo."); System.out.println(this.getAgentName () + " Attivo.");
String[] features = new String[2]; String[] features = new String[2];
features[0] = “AgStatoAttuale"; features[0] = "RegisterService";
features[l] = "localEnvironment"; features[1l] = "localRegisterService";
registerService (features) ; registerService (features) ;

Hermes Platform
(DiscoveryAgent)
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plementazione su Hermes

E Registrazione di Aginterfaccia, AgCitosol, AgMM ed AgMMI a RegisterService

AgStatoAttuale

Identificator ifi ga dentificator

Aginterfaccia AgCitosol AgMM
o 'y 'y
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plementazione su Hermes

E Registrazione di Aginterfaccia, AgCitosol, AgMM ed AgMMI a RegisterService

AgStatoAttuale

Vector Videntificators Vector Videntificators

VectorjVidentificators

Aginterfaccia AgCitosol AgMM AgMMI
o 'y 'y 'y
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plementazione su Hermes

E Registrazione di Aginterfaccia, AgCitosol, AgMM ed AgMMI a RegisterService

AgStatoAttuale

=%

Aginterfaccia AgCitosol AgMM
o 'y 'y
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""""""""""" plementazione su Hermes

E Registrazione di Aginterfaccia, AgCitosol, AgMM ed AgMMI a RegisterService

[5] agStatonttuale - G2004 CeliSoft D.EM.

AgStatoAttuale

(] control Panel - 22004 CeliSoft . (5] AgCitosol - 2004 CeliSoft DEM. = (] agMatriceMitocondriale - 22004 CellSoft... o &'

Carboidrato AgCitosol AgMatriceMitocondriale

wome [ | owemts [ ] Lunghezza Catena Polisaccaride [0 |

Ossigeno Tipo Fermentazione
[si - [ Lattica -

START SIMULATION >>
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Implementazione su Hermes

E Test: produzione di ATP a partire da una molecola di Glucosio (in presenza di ossigeno)

[
Control Panel - 2004 CellSoft D.E.M. fE E
Carboidrato
Nome |Glucosio v | Quantita |1 Lunghezza Catena Polisaccaride |
Ossigeno Tipo Fermentazione
Si | Lattica v
START SIMULATION >>
ATP: © ADP: 0
AcetilCoA: 0 CoA: 0 FADrid: 0 NADox: 0
Acido Lattico: 0 Etanolo: 0 H20: 0 Pi: 0
Cco2: 0 FADox: 0 NADrid: 0 Piruvato: 0

Ci aspettiamo che I'ATP prodotto, a seguito della Glicolisi, della OPP, del Ciclo di
Krebs e la Respirazione Cellulare, sia 38.
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AgentLink III and Bioinformatics

* TFG — why?

* Roadmap — what aims?
¢ What technology is required?
*  Why is agent technology a good bet

e  What more is needed?

* Isitjust an application area for standard techniques?

emanuela.merelli@unicam.it Agents in Bioinformatics

169



Michael Luck

y

Terry Payne

Phil Lord

BioagentTFG Promoters -- July 2004

Emanuela Merelli

—

Andreas Doms
& Michael Schoerder

A

Flavio Corradini

Ezio Bartocci ™ Paolo Romano

-

v v

Steffen Moeller

Tuciano Milanesi

Nicola Cannata

Angelo Facchiano

Giuliano Armano

|

Andrew Martin

emanuela.merelli@unicam.it

Agents in Bioinformatics

170




Informatics and BioScience group at Unicam

Computer Scientists Bioinformatics
Formal Methods * Nicola Cannata (Univ. Padova)
¢ Flavio Corradini (prof.) * Ezio Bartocci (graduate)

¢ Diletta Cacciagrano (reseacher)
* M.Rita Di Berardini (Phd std)

Bioscientists
Agents ¢ Roberto Ciccocioppo
¢ Emanuela Merelli (reseacher) (pharmacologist)
* Rosatio Culmone (researcher) ° Antonietta L.a Terza (biologist)
*  Marco Vita (student in thesis) ° Mauro Angeletti (biochemist)

* Diego Bonura (undergraduate)
¢ Leonardo Vito (undergraduate)
¢ Matteo Kalogris (undergraduate)

emanuela.merelli@unicam.it Agents in Bioinformatics 171



