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Rede Metabolica
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Por que construir redes metabolicas?

A analise e simulac6es in silico dos modelos forneceréo informacoes:

Genotipo # Fenotipo # Determinado Momento

Doencas humanas, como cancer e diabetes, etc.;
Doencas infecciosas - microrganismos x hospedeiro;
Analises genOmicas - identificar alvos de drogas para patdogenos;

Projetar e produzir organismos geneticamente melhorados;

V V V VY V

Desenvolver organismos geneticamente modificados (OGMs) —

Biofabricas - produtos com alto valor agregado; etc.



Anotacao parareconstrucao do modelo
metabaolico

One-dimensional Two-dimensional Three-dimensional Four-dimensional annotation:
annotation: annotation: annotation: genome plasticity and
component enumeration network reconstruction ultrastructural reconstruction  new network states
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Reed et al. 2006

A relacao genotipo-fenotipo deve ser bioquimicamente, genomicamente e geneticamente
acurado.




Reacbes Metabdlicas

Reconstruct biochemical-reaction networks

Level 1: Metabolite specificity

Primary metabolites Coenzymes

Diferentes niveis de informacao sao

Level 2: Metabolite formulae é
necessarios para que ocorra uma e e :
transformacao bioquimica. ;

Level 3: Stoichiometry z

=~ - ;. , 1LAC + 1 NAD 1PYR+1MNADH +1H I
A reacao biogquimica é correta se a

Level 4: Thermodynamic considerations and/or directionality 2

representacao matematica da LAC+INAD - =—> 1PYR=1NADH +1H
= Level 5: Localization

reconstrucao pode ser usada para Prokaryotes

calculos subsequentes, caso ] extracelllar gk golg) aparatus

[pl: periplasm v]: v e [0 ast
contrario as propriedades da rede ey + Endoplas

-
Eukaryotes

calculadas sao incorretas.

1LAC[c] + 1NAD [c] <—> 1PYR[c]+ 1NADH[c] + 1Hc]

Reed et al. 2006



Modelo metabolico representado em
texto, reacao estequiomeétrica ou grafico

Abbreviation

HEX1
PG
PFK
FBA
TPI
GAPD
PGK
PGM
ENO

Glycolytic reactions

[c]GLC + ATP == G6P + ADP +H
[c]GBP === F&P

[c]ATP + F6P== ADF +FDP+H
[c]FDP <= DHAP + G3P
[c]DHAP == G3P

[c]G3P + NAD + Pl == 13DPG + H + NADH
[c]13DPG + ADP <= 3PC + ATP
[c]3PC == 2PG

[c]2PC w=H,O + PEP

[c]JADP + H + PEP =2 ATP + PYR
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Como construir um modelo metabodlico em
escala genomica?

Seguenciamento e montagem de novo do genoma

$

Anotacao dos genes

Ferramentas de bioinformatica + Bancos de dados + Dados da
literatura + Analises experimentais

$

Reconstrucao da rede metabdlica
Ferramentas de bioinformatica + Bancos de dados +
Dados da literatura + Dados experimentais




Etapa 1.

Seguenciamento, montagem de novo
e anotacao genomica de
Pseudomonas sp. LFM046



Seguenciamento de Nova
Geracao - NGS

Acelerar o processo de sequenciamento
Baixar 0s custos
Aumentar a acuracia

Processamento paralelo massivo
de fragmentos de DNA



Sequenciadores de nova geracao

Roche: 454 Piro GS FLX Titanium
GS Junior
I[llumina : Genetic Analyzer
MiSeq
NextSeq
Hi Seq 2000
NextSeq 1000 and NextSeq 2000

Thermo Fisher Scientific: Genetic Analyzer
Solid 5500XL
PGM lon Torrent
lon Proton
lon Chef System

Pacific Biosciences: Sequel system
PacBio RSI|I



Caracteristicas das plataformas
disponiveis no mercado

High-end
sequencing- Platform’

Sequencing
chemistry

Read lengths/ Run time

through put

Template
prep

Application

‘Roche 454 -Titanium FLX

lllumina/Solexa -HiSeq
2000

ABl/Life Technology-SOLID
5550XL

HelicosBiotechnologies

Roche 454- GS Junior
lllumina/Solexa- MiSeq

ABl/

Lifetechnology- lontorrent

Pyrosequencing

Reversible terminator
chemistry

Sequencing by
ligation

Reversible Terminator
chemistry

Pyrosequencing

Reversible terminator
chemistry

H+ lon sensitive
transistor

400 bp 400 Mb/run 10 hours

2x100bp 600 GB/
run (dual cell)

2x60bp 15 GBlday

1.5 days
8 days
25-55 bp 28 GB/run

(avg)
400 bp 50 Mb/run

>| GB/hour

10 hours
2x|50bp 1.0-1.4 Gb 26 hours

320 Mb/run

8 hours®

Emulsion

PCR
Solid-phase

Emulsion

PCR
Single
molecule

Emulsion

PCR
Solid-phase

Emulsion

PCR

Denovo WGS of microbes,
pathogen discovery, Exome seq
Human WGS, exome seq,
RNA-seq, Methylation

Human WGS, exome seq,
RNA-seq, Methylation

Human WGS, exome seq,
RNA-seq, Methylation

Denovo WGS of microbes,
pathogen discovery, Exome seq

Microbial discovery, Exome
seq, largeted capture
Microbial discovery, Exome
seq, largeted capture

Gullapalli et al. 2019




Seguenciamento

1) Preparacao da Amostra: Fragmentacao do DNA

2) Preparacao da biblioteca: Ligacao dos adaptadores
3) Validacao da biblioteca

4) Sequenciamento utilizando o MiSeq lllumina

5) Analise dos dados

(http://mwww.illumina.com/products/truseg-dna-pcr-free-sample-prep-kits.ilmn/25/03/2019)
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1) Preparacao da Amostra
1.0. Cultivo da Pseudomonas sp. LFM046

Luria-Bertani (LB) a 30 °C por 24 horas no incubador TE-420 a 150 rpm.

1.1. Extracao e quantificacao do DNA gendmico

DNeasy Blood and Tissue Kit (Qiagen)

Qubit® 3.0 Fluorometer

NanoVue — Espectofotometer
Abs. 260/280 e 260/230




1.2. Amplificacdo e sequenciamento do gene de rRNA 16S

» 100% de identidade a sequéncia parcial do gene de rRNA16 de
Pseudomonas sp. IPT 046 depositado no GenBank: JF922302.1

1.3. Fragmentacao do DNA gendmico

Tamanho médio de 550pb

2,5 ug do DNA gendmico



2) Preparacao da biblioteca

Ligac&o dos adaptadores e Barcodes nas pontas
dos fragmentos de DNA.

TruSeq DNA PCR-Free LT Sample
Preparation Kit — Set A (Illumina, San
Diego, CA).

ACACTGA)

GOCAATIA)

CAGATC(A)

ACTTGALA)

http://pt.slideshare.net/josephevaristo/sequenciamento-denova-gerao-cig2019



3) Validacao da biblioteca

3.1. Quantificacao e analise em relacao ao tamanhos dos fragmentos
de DNA genomico ligados ao adaptadores.

Pseudomonas 2

35 150 300 500 1000 10380 [bp]

Overall Results for_Pseudomonas 2 :

From To Corr. % of Average Size Conc. Molarit Co

[bp] [bp] Area Total Size distribution [pg/pl y lo
[bp] inCv[%] ] [pmol/l r

351 3,028 1,718.998 978 418 1,123.90 5.1021 | |




3.1. Quantificacao dos fragmentos da biblioteca
de Pseudomonas sp. LFM046 por Real-time PCR

Ampification Plot

A O
| —

! DL2662SS

Dilui¢ées da Biblioteca de
Pseudomonas sp. LFM046:

P1: 1.000X
P2: 2.000X
P3: 4.000X
P4: 8.000X
P5: 16.000X

Melt Curve

Ampification Plot

Standard Curve

Controle
800000 Pseudomonas sp. LFM046

1 266955

Dilui¢des do Controle KAPA:

sorter (-R)

- 20pM
2 pM
0,2 pM 1
0,02 pM at a2
0,002 pM Quantity
0,0002 pM

Derlvative Rep

Target: Kapa Slope: -3.477 Y-Inter: 12.06753; 0.999 Efi%: 93.897

Legena
". Standard . Unknown

Analysis Summary: Total Wells in Plate: 96 Wells Set Up: 96

740 ™o

Tempersture (°C)

KAPA Library Quantification kit (KapaBiosystems, T




4. Sequencimento - lllumina MiSeq

MiSeq Reagent Kit v3
(Illumina, San Diego, CA)
Seq. paired-end de 2 x 300 pb

Amplificacao por Ponte

l nmniu ﬂﬂmﬂn nun nnn w I#l
100 —>>

uunﬂu"ﬂ“ unuﬂu“n“ Juu!l]“n” unuﬂu"nﬂ

Sequenciamento por método de
terminacao de cadeiareversivel



5) Analise dos dados do Sequenciamento

EB — 4 a .
BaseSpace’ === A | ‘ [ - i E Q # wuanarezenoev  jllumina’
Jashboar Prep Projects Apps Public Data Help

v Indexing QC
Lane 1

Reads Mapped to index ID

SN JoeU0D

—
[
o
e
o
=
=
]
]
=
@
o
=

» Total de reads obtidos: 7.471.827
» Triagem inicial: exclusao de sequéncias do barcode
e dos adaptadores flanqueando os reads '

Index Number

Pzeudomonas
Burkholderia

Halomonas

BaseSpace NGS Data Analysis (https://basespace.illumina.com/)



Analise de qualidade dos reads

Quality Score Q(X) Error Probability P(~X)
Q40 0.0001 (1 in 10,000)

Q30 0.001 (1 in 1,000)

Q20 0.01 (1 in 100)

Q10 0.1 (1 in 10)

p—
=
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=
=

—
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i
o

b=

Q Score




Montagem de novo do genomade
Pseudomonas sp. LFM046

Controle de qualidade dos reads e montagem

Numero de Reads
Forward Reverse
Total Bruto de Reads 1.950.218 1.900.789
Apos Filtragem (QV>20 90%) 1.632.546 (-13,3%) 1.519.391 (-21,8%)

Juntou reads 1.516.647 (-7,6%) 1.516.647 (-0,2%)
Eliminou Reads < 200pb 1.516.491 (-0,01%) 1.516.491 (-0,01%)
Total de Reads 3.032.982

Cobertura 60%
Cardinali Rezende et al. 2020

(https://luseqalaxy.org/ ; Velvet (Bruijn graph assemblers)



https://usegalaxy.org/

Draft do Genoma

» 3.032.982 reads apos triagem por qualidade (Galaxy software)
» Draft genoma: 34 contigs

»Contig: 1,038,386 pb , sendo N50 contig of 640,128 bp.
»5.970.318 pb

»Cobertura: 60X

» G+C: 64%.

»5.440 sequéncias codificadoras

» 5 = RNAs

» 204 genes - Metabolismo Central dos Carboidratos

Cardinali Rezende et al. 2015



= NCBI

Nucleotide

Display Settings: [v] GenBank

Resources [ How To [¥]

Mucleotide
Advanced

Send to:

Pseudomonas sp. LFM046, whole genome shotgun sequencing project
GenBank: JYKOD0000000.1

O This entry is the master record for a whole genome shotgun sequencing project and contains no sequence data.

Go to

LCOCOS
DEFINITICH
RARCCESSICH
VERSION
DBLINE

EEYWORDS
SCURCE
CRGANTSM

REFERENCE
AUTHORS
TITLE
JOURNAL

REFERENCE
ATTHCRES

JYECO1000000
Pzeudomonas sp.
JYECOOQ000000
JYKCOO000000.1 GI:T766658315
BioProject: PRJHAZT4Z26E
BioSample: SAMMNO32992&9
WGES.

Peeudomonas =p. LEMO46
Pzeudomonas =p. LFMO46
Bacteria; Proteocbacteria:
Pzeudomonadaceae;
1 {base=s 1 to 33)
Cardinali-Rezende,J.,
Gomez, J.G.

Draft genome sequence of Pseudomonas sp.
of medium-chain-length polvhydroxyalkanoate
and fructose
Unpublished

2 (base=s 1 to 33)
Cardinali-Rezende, J.,

33 rec DHZ BCT O9-MAR-2015
whole genome shotgun sequencing project.

linear
LFHMO4&6,

Gammaprotecbacteria; Pseudomonadales;

Peeudomonas.

Alexandrino,P.M., Taciro,HM.K., Silva,L.F. and

LFHMO46: A great producer
(PHAMCL) from glucose

Alexandrino,P.M., Taciro M.EK., S5ilva,L.F. and

Gomez, J.5.



- Montagem de novo do genoma

Dra. Marie-France Sagot, Inria-Lion, Franca.

1. DiscoVar de novo assembly
(https://www.broadinstitute.org/software/discovar/blog/).

20 contigs com um N50 de 641Kb

2. MEDUSA - Multi-Draft based Scaffolder, V. MeDuSa++



Com base em sequéncias de genes de rRNA16S,
espécies de Pseudomonas filogeneticamente proximas a
Pseudomonas sp. LFM046 foram identificadas .

o4 | NRO74828 Pseudomonas aeruginosa PAO1
NR103921 Pseudomonas resinovworans NBRC106553
JF922302 Pseudomonas sp. LFM046
NC002947 Pseudomonas putida KT2440

AJ310393 Pseudomonas fluorescens SBW25
NR025097 Burkholderia sacchari LFM101

O gene de rRNA 16S de Pseudomonas sp. LFM046 apresentou:
98% de identidade com P. resinovorans NBRC106553 e P. aeruginosa PAOL1.



Alinhamento dos scaffolds de Pseudomonas sp.
LFMO046 com genoma de especies mais proximas

Flattened Lines Flattened Lines
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1000000 2000000 3000000 4000000 5000000 6000000 1000000 2000000 3000000 4000000 5000000 6000000

v- Pseudomonas resinovorans NBR106553 scaffolds v- Pseudomonas aeruginosa PAO1 scaffolds

A) Xx- Pseudomonas sp. LFMO046 e y- P. resinovorans NBR106553

B) B) x-Pseudomonas sp. LFMO046 e y- P. aeruginosa PAOL.
MEDUSA - Multi-Draft based Scaffolder, V. MeDuSa++

Cardinali Rezende et al. 2020



- Montagem de novo do genoma

2. MEDUSA (Multi-Draft based Scaffolder, V. MeDuSa++)
- Alinhamento com Pseudomonas resinovorans
NBR106553:

7/ scaffolds com N50 de 2.671 Kb:

13 gaps e 1.550 bases desconhecidas
- Gapfilling usando reads brutas do sequenciamento:

135 bases desconhecidas
Cardinali Rezende et al. 2020



Genoma da Pseudomonas sp. LFM046

ircular Genome ot: PB

»Cobertura: 150 X

> 1 scaffold:
5.972.904 bp

5.419 genes

PB_CHR
(5912440 bp.)

1 cromossomo e

3 plasmidios (60kb)
1) 13.100 pb
2) 45.000 pb
3) 1.900 pb

Grupos de proteinas
ortélogas (COG)

Cardinali Rezende et al. 2020



rast.nmpdr.erg/Tpage=Jobs

‘ ' Rapid Annotation using

Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org.

Home | Your Jobs & $] JULIANA REZENDE

Info: To monitor RAST's load and view other news and statistics for RAST and the SEED, please visit "The Daily SEED.”

As of Wed Apr 6 15:30:02 2016, there are 31 jobs in the RAST queue
Job Load is

Jobs Overview

The overview below list all genomes currently processed and the progress on the annotation. To get 2 more detailed report on an annotation job, please click on the progress bar graphic in the averview.

In case of questions or problems using this service, please contact: rast@mecs.anl.gov.
Progress bar color key:

not started

B queued for computation
in progress

B requires user input

B failed with an errar

M successfully completed

Jobs you have access to :

ob D = [) 5 = |Z € gatio f ptatio atus

i ik hp Date Progres COI’T‘IFI|EV

336691 |REZENDE 159450.99 Burkholderia 47 7276343 |2016-03-26 |HNNENNRERENENN|complete
JULIANA sacchari LMG 11:08:01 [ view details ]

19450

336690 |REZENDE 1609967.4 Halomonas sp. |1 3666044 (2016-03-26 |[HHNEEEREREEEN|complete
JULIANA HGO1 11:02:05 [ view details ]

333770 |REZENDE 1093222.6 Pseudomonas |6 5072817 (2016-02-14 |[HNNENNNEEEN|complete
JULIANA sp. LFM0D46 19:42:32 [ view details ]




R AST Rapid Annotation using
Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about The SEED please visit theSEED.org.

Home | Your Jobs Manage Job #333770 & ﬂ JULIANA REZENDE

Job Details #333770

» Browse annotated genome in SEED Viewer

» Miew metabolic model:
» Available downloads for this job: | Genbank v | Download Update download files

» Share this genome with selected users

» View Close Strains for this job

» Back to the Jobs Overview

v Genome Upload has been successfully completed.

Genome ID - Name: 1093222.6 - Pseudomonas sp. LFM046
Job: #333770

User: jcardinali

Date: Mon Mar 14 19:42:32 2016

Genetic code: 11

Annotation scheme: ClassicRAST
Preserve gene calls: no
Automatically fix errors: ves

Fix frameshifts: yes

Backfill gaps: yes

v/ Rapid Propagation has been successfully completed.




Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

»Navigate = »Organism »Comparative Tools =»Help &4 &] JULTANA REZENDE

Organism Overview for Pseudomonas sp. LFM046 (1093222.6)

Genome Pseudomenas sp. LFM046 (Taxenomy ID: 1093222) For each genome we offer a wide set of information to browse, compare and download.

Domain Bacteria Browse | Compare | Download | Annotate

Taxonomy Bacteria; Proteobacteria; Gammaproteobacteria; Browse through the features of Pseudomonas
Pseudomonadales; Pseudomenadaceae; Pseudomonas; sp. LFM046 both araphically and through a
Pseudomonas sp. LFM046 table. Both allow guick navigation and filtering
Neighbors View closest neighbors for features of your interest. Each feature is

linked to its own detail page.
Size and G+C 5,972,904, ( bp pag

Number of Contigs 4 Click here to get to the Genome Browser
{with PEGs)

Number of Subsystems 457

Number of Coding
Sequences

Number of RNAs

Subsystem Information

Subsystemn Statistics | Features in Subsystems

Subsystem Coverage Subsystem Category Distribution Subsystem Feature Counts

Cofactars, Vitamins, Prosthetic Groups, Pigments (375)
Cell wall and Capsule (160)

Wirulence, Disease and Defense (121)
Potassium metabolism (30)
FPhotosynthesis (0)

Miscellaneous (85)

Phages, Prophages, Transposable elements, Plasmids (4)
Membrane Transport (199)

Iron acquisition and metabolism (33)

RMNA Metabolism (207)

Nucleosides and Nucleotides (131)

Protein Metabolism (272)

Cell Division and Cell Cycle (33)

Matility and Chemotaxis (130)

Regulatien and Cell signaling (118)
Secondary Metabolism (5)

DMNA Metabolism (96)

Fatty Acids, Lipids, and Isoprenoids (253)
Nitrogen Metabolism (37)

Dormancy and Sporulation (5)
Respiration (158)

Stress Response (208)

Metabolism of Aromatic Compounds (184)
Aminao Acids and Derivatives (834)

Sulfur Metabaolism (107)

Phosphorus Metabolism (54)
Carbohydrates (448)




; For more information about The SEED F‘lEIj'_"'.E visit theSEED. org.

.
OrganisyEresemn Pceudomonas sp. LFM 046 {1093222.5)

Ge=nome Brows=r
Gomrarios nas sp. LFM 046 (Taxonomy ID: 10 1) s

For =ach ge=mome we offer a wide s=t of information to Brows=, compars and downlcad.

Subzystems Browse Em‘npnre| Du‘nrluu]|h‘mt.nl3=|
Tezonomy | Export Prot=cbact=ria; Gammaprot=cbact=ria;

r==cwemonadales; Pszudomonadaczas; Ps=uwdomonas; Browss through the features of Psswdomonas =p.

Pezudomonas sp. LFM 048 LFM 046 both graphically and throwgh a table.

Neighbors Wizw closest neighbors Both allew gquick navigation and fillzring for
—— fzatures of your intere=t. Each f=aturs is link=d

Size 5,570,315 bp to iits own detail pag=.

Number of Contigs — -
[with PEGs) Click h=r= T g=t to the G=nome Browser

MNumber of Subsystems

Number of Coding
Sequences

Number of RNAs

Subsystem Information

Subsy=t=m Statistics | Fatur== in Sub=ystem=

Subsystem Coverage Subsystem Category Distribution Subsystem Festure Counts
| | Cofactors, Witamins, Prosthetic Groups, Figments [371)

Cedl Wall and Cap=ul= {1600
irul=no=, Dizs=aze and Defense {121)
Pota=zsium metabolism {30)
Photosynthesis {D)
Miscellanecws {EE)
Phages, Prophages, Transpo=able slements, Plasmids {9)
Membrane Transport [195)
Irm acquisition and metabolism {16)
RNA Metabolism {222)
Nucl=ozides and Nucleolides {133)
Prot=in Metabolizm {261)
Cell Division and Cell Cydle (34)
Metility and Chemotaxis {134)
Regulation and C=ll signaling {115)
Secondary Metabolism {5)
DHA Metabolism {56)
Fatty BAcids, Lipids, and Isoprenoids {255)
Mitrogen Metabcli=zm {3E)
Dormancy and Sporulation {5)
Re=piration {167)
Stre=s Response (211)
Metabclism of Aromatic Compounds {189)
Amino Acids and Dervathres {B41)
Suilfur Metabolism {107)
PFhosphorus Metabolizm {55)
Carbohydrates {445)




Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

sComparative Tools

Organism Overview for Pseudomonas sp. LFM046 (1093222.6)

Cenome Pseudomonas sp. LFMO46 (Taxonomy ID: For each genome we offer a wide set of information to browse, compare and download.

1093222) 9
Domain Bacteria

Taxonomy Bacteria; Proteobacteria; Gammaproteobacteria; Browse through the features of
Pseudomonadales: Pseudomonadaceas; Pseudomonas sp. LFMO46 both graphically
Pzseudomonas: Pseudomonas sp. LFMO45 and through = table. Both allow gquick
Neighbors View closest neighbors navigation and filtering for features of your

. interest. Each feature is linked to its own
Size and G+C 5.972.504, [ bp detail page.

Number of Contigs 4
[with PEGs) Click here to get to the Genome Browser

Browse | Compare | Download | Annotate |

Number of Subsystems

Number of Coding
Sequences

Number of RNAs 70

Subsystem Information

Subsystem Statistics | Features in Subsystems

export to file dear all filters
display |15 items per page
displaying 1 - 2 of 2

Carbohydrates w | Central carbohydrate metabolism  w PHOSPHOGLUCOMNATE

Carbohydrates Central carbohydrate metabolism|Entner-Doudoroff Pathway 2-dehydro-3-decxyphosphogluconate aldolase (EC 4.1.2.1470|fig|1093222.6.p020.1273,
figl1093222.6.p2q.1830

Carbohydrates Central carbohydrate metabolism|Entner-Doudoroff Pathway Phosphogluconate dehydratase (EC 4.2.1.127 fig|1093222.5.p2q.1266




Annotation Overview for fig]1093222.6.peq.1266 in Pseudomonas sp. LFM046:
Phosphogluconate dehydratase (EC 4.2.1.12)

current assignment Phosphogluconate dehydratase (EC 4.2.1.12) EC Number 4.2.1.12

taxonomy id 1083222 contig Pseudomonas-Brazi-Chromose (5,912,440bp) w
internal links genome browser | feature evidence | sequence

annotation history show run tool Psi-Blast w | run tool

CDD link show cdd

edit functional role FPhosphogluconate dehydratase (EC 4.2.1.12
propagation lock Unlocked Toagale lock

This feature is part of a subsystem
® In Entner-Doudoroff Pathway its role is Phosphogluconate dehydratase (EC 4.2.1.12).

Compare Regions For fig] 1093222.6.peg.1266

The chromosomal region of the focus gene (top) is compared with four similar organisms. The graphic is centered on the
focus gene, which is red and numbered 1. Sets of genes with similar sequence are grouped with the same number and color
Genes whose relative position is conserved in at least four other species are functionally coupled and share gray background
boxes. The size of the region and the number of genomes may be reset. Click on any arrow in the display to refocus the
comparison on that gene. The focus gene always points to the right, even if it is located on the minus strand.

Display options Regular| Advanced
Region Size (bp) 16000

Number of Regions |15

<< < draw = ==

Visual Region Information | Tabular Region Information | Sequences

update with selected uncheck all

[P, sp. LFmoes
| ]

4 Feature
. vinelandii  —{——] ﬂ‘l >—A ID figl1083222 §.peq. 1266
D |:> Function Phosphogluconate dehydratase (EC 4.2.1.12)
" 1 Contig P=eudomonas-Brazi-Chromose
. Fuoresoens |-G K — T T

Stop 1280275

5 23 15, 17 13 Size 1827 bp, 609 aa

Set 1

Subsystem 1: Entner-Doudoroff Pathway

F. asruginosa P

6 23 Fl i
A. winelandii

)




Welcome to the SEED Viewer - a read-only browser of the curated SEED data. Trmoe sl |

For mare information about The SEED please wisit theSEED.org.

»MNawvigate »Comparative Tools

Browse Genome: Pseudomonas sp. LFM046 (1093222.6)

Location | Focus | Upload List

ID fig|1093222.6.peqg.1266

Contig Pseudomonas-Brazil-
Chromose

Type CDs

Function Phosphogluconate
dehydratase (EC 4.2.1.12)

Subsystem Entner-Doudoroff Pathway
Start 12558449
Stop 1290275

Length 1327
zoom to sequence details page

evidence page

export table clear all filters

Genome Browser
Scenarios

Subsystems

+3

Export

2 — -

—

4
O

|_AZR2ME1 | 1283761
I ] 1 I

Location

Upload List

contig

start
base

window

Color
features

Pseudomonas-Brazi-FChromose (5,912,440 bp) | w
MDS_scfS (45,232 bp)

MDS_scf (13,302 bp)

MDS_scf7 (1,930 bp)
Pseudomonas-Brazi-Chromose (5,912,440 bp)
by focus

display |15

iterms per page

displaying 1 - 1 of 1

Pseudomor s || =

Length (bp) 4 ¥ Function g¥ Subsystems i ¥ Region
6- phosphoglucor

Feature ID ;¥ Type | Contig | Start ;v

Brazil-
Chromose

Pzeudomanas-|{1288449

Phosphogluconate| Entner-Doudoroff
dehydrataze (EC |Pathway
4.2.1.12)




Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

»Navigate ' »Organism ‘ »Comparative Tools | »Feature »Feature Tools 1 »Help |

Annotation Overview for fig]10932 #Featurepseydomonas sp. LFM046:
Phosphogluconate dehydratase (EC

. DMA Sequence
DMA Sequence w
taxonomy id 1093222 flanking contig Pseudomonas-Brazi-Chromose (5,912,440bp) w

internal links gencme browser | feature evidd Protein Sequence

current assignment Fhosphogluconate dehydratase EC Number 4.2.1.12

annotation history Tha Feature Evidence ws. run tool Psi-Blast v | run tool
FIG

: show cdd ]
CDD link _ Feature Evidence ws.

edit functional rele Fhosphogluconate dehvdratase | g1l DB
propagation lock Unlocked Togale lock Add to PEGcart
| Ross UI

This feature is part of a subsystem
® In Entner-Doudoroff Pathway its role is Phosphogluconate dehydratase (EC 4.2.1.12).

Compare Regions For fig|1093222.6.peg.12606
Display options - Adwvanced

Region Size (bp) 16000

Number of Regions 15

< < draw = -4

Visual Region Information |Tabular Region Information ‘Sequences ‘

update with selected uncheck al

Vr. sp. s <K A
1 Feature
V. virelandii  —{ ] ﬂ‘l >—A ID fig]1093222 6.peg. 1266

D |:> Function Phesphegluconate dehydratase (EC 4.2.1.12)

1 Contig Pseudomonas-Brazi-Chromose
- Fluorescens (TG < @'E- Start 1288449

Stop 1290275
5 23 13 Size 1827 bp, 608 aa
2 Set 1
|:> Subsystem 1: Entner-Doudoroff Pathway

. aeruginoza P

5 .23 A 19 17

gt =andi 8



»Feature »Featu

Feature Owverview

DMNA Sequence w
flanking

Protein Sequence

Feature Evidence vs.
FIG

Feature Evidence vs.
all DB

Add to PEGcart
Ross UI

‘Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

»Navigate | »Help

Display fasta sequences

() DNA Sequence: ® DNA Sequence with flanking: 500 bases |_) Protein Sequence

Download Sequences Show Fasta

»Eig|l083222. 6.peg. 1 v

= tggtoaggotgacy
EEREL gogtaggegeay

(EC 4.2.1.12} [Pzeudomona= =p. LFMO4€]
t

og gatgg TCTgAgTTggt Tt et tAAtCTEtgtgeg
ctaagttgtttggtgaggoagaagttactgooaag

gag gog T gog e
ggaataggrggogacotgggoooaggggttatyrtgogtgocgooataceotgoagnggt
sty t

Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

»Navigate »Help

BLAST® » blastp suite * RID-GJCONHRDOR

*»Return to Annotation Page

U.S. Maticnal Library of Medicine MCBI Maticnal Center for Biotechnolegy Information

Formatting options]

Job Tite: figl1093222.6.peg.1266 (608 letiers)

SEED Vi=wer wersion 2.0

Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please wvisit theSEED.org.

»Navigate =Help

Display fasta sequences

DMNA Sequence: ) DNA Sequence with flanking: |500 Protein Sequence

Download Sequences Show Fasta

>£igll0%3222.€.peg.12€€ Fhosphogluconate dehydratase (EC 4.2.1.12} [P=eudomonas sp. LEHO4E€]
MHFRVLEVIERLVERIRATRERY LAMIHF AR JEG POREELOCANCAHGEVAGCEEEDRQEL

RLMDSANVAIVIAYNDMLIAHQPYEDY PERIRQALRDIGIVEVAGGVEAMCDEVT

HEIELINFEFAEVRGRYAEGEATROELLASEMARYHIFGT
LPEARSVHFRIFLREALTVETARQVIRLIRQGEFLPIGEIVDERVLINIVVA,

RVMEEH LR EVHEV I AVAFEHVVEAPARVEHDOQALADATFAGELERDL
INEMFELHFEMTFFLEGVLGDRGE LYTDERM3IGRIGEIFARIHVCFEAFDEEFLARVED
GDRVEVDGITGILEVLVDAAEFARAREPAWDLEANVGTGRELFAFMREIF33AEQGAIAF
IRKLETLE

Format Request Status

Putative conserved domains have been detected, click on the image below for detailed results.

100
e ——

208 e 400 su
| P S S T T ST S 1

Query seq,
Specific hitz [

Superfanilies

Request I

Status

Submitted at

Current time

Time since submission

This page wil be automatically updated in 15 seconds

PRKOS054
ILVD_EDD superfamily

GJCDNHRDOMR
Searching

Sat Apr912 2016
Sat Apr 09 12:47:52 2016
00:02:10




) Viewer

Welcome to the SEED Viewer - a read-only browser of the curated SEED data. Function based
For more information about The SEED please visit theSEED.org. Comparison

Sequence based

»0rganism  »Comparative Tools Comparison

BLAST against Pseudomonas sp. LFM046 Kegg Metabolic Analysis

To BLAST against Pseudomonas sp. LFM046, paste a sequnce into the box below. Please select whether you are pasting in
nucleotides or amino acids. Then press the button labeled BLAST.

sequence () nucleotide amino acid filter ) on

Contig Pseudomonas-Brazil-Chromose hit #1632
Contig Pseudomonas-Brazil-Chromose hit #164

cutoff 10 (e.g.: 1e-30) word size 0 (0 for d

Contig MDS =scfS hit #1

>PP_4043 |gnd BELASTH 2.2.26 [Sep-21-2011]
ATGCRARCTGGGRRTCATC!
ATGCCATCACCGGCCIGG!

Reference:
GCCGGCTGGETGACGCCRAC -4 ———
- = Altschul, 3Jtephen F., Thoma= L. MHadden, Alejandro A. Jchiffer,
GRCATGCGCCGCGCTGCRI

Jinghui Zhang, Zheng Zhang, Webbk Miller, and David J. Lipman (15337},
TEATCEECEGCEWEE}“G:pp:d EL&3T and P3I-ELAST: a new generation of protein databasze =earch
CGRGCRCCAGCGTIGCCGAl program=", Nucleic Acids Res. 25:3389-3402.

CAGGCCTATGCCGARGGC

TGTGGCGACGCGGCAGCE Ouery= PP_4043

CGACAGTGECGRAGGCCG! (584 letters)

CRGCRRCRGGGCRCCTRCK
BLAST Clear T Databaze: fvol/ra=t-prod/jcks/333770/rp /1083222 &/ contigs
4 =megquences=; 3,572,904 total letters

Search specific species | Advanced search
Current Strain (Clear/Search All) Gene/Product Nz
= Pseudomonas =
v o rounmon
& ¢ Genome DB THERAPEUTICS
Complete Genomes Only [
" 4 Jcore E
Jequences producing =significant alignment=: [(bit=} Value
Home  News  Acknowledgements  About~  Search Annotations »  Search Sequences »  Annotations By Category v Broj
Pseudomonas—Brazil-Chromo=e

Pseudomonas putida KT2440, PP_4043 (gnd) HD3_=c£3

>Preudomona=s-Brazil-Chromose
Length = 5512440

PP_4037
PP_4038

put]

Jcore = 38.2 bit= (15], Expect =
Identities = 1515 [100&}
trand = Plu= / Plu=

EEOF dd|
0p0r dd
THOF ddf
SPOF dd|
b0F dd|
2r0F dd

4 4
+ T +
4550000 4555000 4560000

Viewin JBrowse  View in GBrowse Fuery: 201 googgotggtgacgocacs 219
rrrrrrrrererrrrrnn
Overview Sequences Functions/Roles Motifs Operons (1) 213 Ortholog Group Members Acknowledgements sa 3bjeot: 1521542 googgotggtgacgocace 1521560




Waelcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please wisit theSEED.org.

»*Mavigate  »Organism »Comparative Tools | *»Halp 5 %] JULIANA REZENDE]

Scenarios for Pseudomonas sp. LFM046

Scenarios represent components of 8 metabolic reaction network in which specific compounds are labeled as
inputs and ocutputs. The metabolic network is assembled using biochemical reaction information associated with
functional roles in subsystems to find paths through scenarios from inputs to outputs. Scenarios that are
connected by linked inputs and outputs can be composed to form larger blocks of the metabolic network,
spanning processes that convert transported nutrients into biomass components.

Select organisms to show whether paths are present

genocmejp
annotations in subsystems.

K[cc Pentose phosphate pathway

select organisms ) o )
[ Pathway menu | Organism menu | Pathway entry | Download KGML | Show description | User data mapping ]

Scenarios in Subsystemns Reference pathway (Reaction) v Go 100% w

dear all filters

PENTOSZE PHOZPHATE PATHWAY

D-Glucosaminate O

Carbohydrates w | all Pentose and glusmonate
i <+ 2-Dehyrdro-3-decxy-
Carbohydrates Aminosugars i 11147 Intercomversions Dr-glucomate =

Carbohydrates  |Aminosugars i 1134 D—(;r}ucomte 42139 41255 122D Glycerate-2P

-

: — > : 12189 0271165
Carbohydrates  |CO2 fixation p-D-Gluose | 1123 421140 412,51 o '—.T

Carbohydrates CO2 fixation Glycerate
Carbohydrates Central carbohydrate metabolism|Dihy 111360]{111350
Carbohydrates Central carbohydrate metabolism) 11591152

Carbohydrates Central carbohydrate metabolism

2-Diehyrdro-3-deoxy-
p-D-Clucase-6F 11% D-ghicomate 6P~ 41214

111563 ( 111588 E‘;‘?ﬁ.‘éﬁﬁﬂe‘?:ﬁp D-gluconate-6P 41255
0
D-arahino-Hex-

D-Glucosaminate D-Glucosaminate-6F
3ulose-6P {extracellular)

2211 L Je) b — — — — =| Pentose and glucuronate
intercorversions
P& D-FEibulose-5F

D-Erythrose-4]

D-Riboge-5P

OO D-Riboge

B-D-Fructose-1,6P2

Q D-Eiboge-1P




Welcome to the SEED Viewer - a read-only browser of the curated SEED data.
For more information about The SEED please visit theSEED.org.

»MNavigate = »Organism | »Comparative Tools = =Help

Compare Metabolic Reconstruction of Pseudomonas sp. LFM046

Please select an organism to compare to.

start typing to narrow selection
FTULEUS T atiis AfaLU [ [ J05. 1)

Pseudoalteromonas atlantica Téc [B] (342610.3)

A [¥] complete

—Completeness —;

—Domains

Archaea

Pseudomonas fluorescens Pf-5 [B] (220664.3)

Sequence based
Comparison

kKegg
BLAST

Pseudoalteromonas haloplanktis TAC125 [B] (326442.4) [incomplete [¥I Bacteria
Pseudoalteromonas tunicata D2 [B] (87626.3) [fragment Clenvironmental Sample
Pseudomonas aeruginosa 2192 [B] (350703.3)

Pseudomonas aeruginosa LESBS8 [B] (557722.3) —sort ¥l Eukaryota
Pseudomonas aeruginosa PA7 [B] (381754.5) = i [CIPlasmid

Pseudomonas aeruginosa PAO1 [B] (208964.1) @ alphabetical Clvirus

Pseudomonas aeruginosa UCBPP-PA14 [B] (208263.3) ) genome id

Pseudomonas entomophila L48 [B] (384676.6) O phylogeny

Peandnmnnas flunracrans PfA-1 TR (2050727 31

select

Compare Metabolic Reconstruction of Pseudomonas sp. LFM046 (A) and Pseudomonas putida KT2440 (B)

. . . . P . H o~
The comparison of metabolic reconstruction will allow you to compare the functioning parts of two organisms. The notion of
functioning is defined by having genes for all the functional roles that compose a variant of a subsystem. Fle I
X Cut
The table below will list all genes which were associated with a subsytem in the respective organism. The first column will BB Copy ~

Paste
allow you to filter those that are unigue to one organism, to the other, or common to both. The column 'S5 active’ will show -
you whether the subsystem this gene has been classified into was found to have an active variant in this organism.

e
K4 -
If the gene cannot be found, you can click the find button in that cell to search for it. A

1 |Presence
2 AandB

~ Format Painter

select other

B LFMO46 X KT2440 COMPARAGAO GENOMA COMPLETO - Excel I
Insert  Pagelayout  Formulss  Data  Review  View  Q Tellmewhatyouwanttodo
e o =, o Bx [ | ZAutosum -
Calibri MM Wrap Text General - = 7] g | = =
P -l -
BIu-|E- DA ergef Center - | E7- 0 3 | &g g8 Conditional Formatas Cell Insert Delete Format
- - Formatting - Table~ Styles~ = - Clear~
® Font ® Alignment B Number B Styles Cells
£
] c D E F < H i
Category Subcategory Subsystem Role Organism A SSactiveA OrganismB  SSacti
Amino Acids and Derivatives  Alanine, serine, and glyci Alanine biosynthesis  Alanine racemase (EC5.1.1.1)  <a href=g#39;7page yes <a href=8:#39;yes

save to file

clear all filters

display |15 items per page

displaying 1 - 15 of 3385

Presence Category Subcategory Subsystem Role 3w Organism A 4 ¥ 55
o EORRY ETRRRY o I
—_— A

active

Organism B 4 ¥

3 lAandB
4 |AandB
5 |AandB
6 |AandB
7 |AandB
8 |AandB
9 |AandB
10 |AandB

&1 Taande

AandB  |Amino Alanine, Alanine Alanine racemase (EC figl1093222.6.peq.4827, |yes  |fial160488.1.peq.3685, |8
Acids and |serine, and |biosynthesis |5.1.1.1) fig|1093222.6.peg.5179 fig|160488.1.peg.5200
Derivatives|glycine

AandB Amino Alanine, Alanine Branched-chain amino fig|1093222.6.p2g.4905 |yes [figl160488.1.peq.2478 |yes
Acids and |serine, and |biosynthesis |acid aminotransferase (EC
Derivatives|glycine 2.6.1.42)

AandB Amino Alanine, Alanine Chaperone protein HscA  |figl1093222.6.p20.974 |yes |figl160488.1.peq.837 |yes
Acids and |serine, and |biosynthesis
Derivatives|glycine

AandB Amino Alanine, Alanine Cysteine desulfurase (EC (fig]1093222.6.p20.2088, |yes  |fig|160488.1.peq.2413, |yes
Acids and [serine, and |biosynthesis |2.8.1.7) fial1093222.6.peg.3554 fiol160488.1.peg.4295
Derivatives|glycine

Amino Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amine Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amine Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives
Amino Acids and Derivatives

Armine Arids and Rarivativas

Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis
Alanine, serine, and glyci Alanine biosynthesis

Branched-chain amino acid amir <a href=8#3;?page yes
Chaperone protein HseA <a href-8#39;?page yes
Cysteine desulfurase (EC 2.8.1.7 <a href=8#39;?page yes
Cysteine desulfurase (EC 2.8.1.7 <a href=8:#39;?page yes
Cysteine desulfurase CsdA-CsdE <a href=8:#39;?page yes
Ferredoxin, 2Fe-25 <a href=8#39;?page yes
Iron binding protein IscA for irol <a href=8#39;?page yes
Iron-sulfur cluster assembly sca’ <a href=8:#39;?page yes
Iron-sulfur cluster regulator Isck <a href=8:#39;?page yes

Alanine, serine, and glyci Glycine
Alanine, serine, and glyci Glycine and Serine Uti
Alanine, serine, and glyci Glycine and Serine Uti
Alanine, serine, and glyci Glycine and Serine Uti
Manine carina and aluci Ghur

and Sagog

serine <a href=8:#39;7page yes
ili Aminomethy ltransferase (glycir <a href=&:#39;?page yes
ili Cystathionine gamma-lyase (EC <a href=8#39;?page yes
ili D-3-phosphoglycerate dehydrog <a href=8:#39;?page yes

<a href=&#3%;yes
<a href=8&#39;yes
<a href=8#39;yes
<a href=843%;yes
<a href=8#33;yes
<a href=&#3%;yes
<a href=8&#39;yes
<a href=8#39;yes
<a href=843%;yes
<a href=8#39;yes
<a href=&#39;yes
<a href=8&#39;yes
<a href=8#39;yes




Welcome to the SEED Viewer

For more information about The SEED please visit theSEED.org.

»MNavigate »0rganism

»Comparative Tools

- a read-only browser of the curated SEED data.

Function based
Comparison

Sequence based
Comparison

BLAST search

KEGG map Glycolysis / Gluconeogenesis for Pseudomonas sp. LFM046 (1093222.6)

Select KEGG metabolic map:

Ghycolysis | Gluconeogenesis

Geraniol degradation

Glucosinolte biosynthesis

Glutathione metabolism

Ghycerolipid metabolism
Ghycerophospholipid metabolism

Ghycine, serine and threnmne metabolism

KEGG map

Distinct ECs Pseudomonas sp. LFMD46 Pseudomonas aeruginosa PA0O1 Pseudomonas putida KT2440

Carbon fixation in photosynthetic organisms 25

Citrate cycle (TCA cycle)
Glycolysis / Gluconeogenesis
Pentosze phosphate pathway
Propancate metabolism
Pyruvate metabolism

Starch and sucrose metabalism

22
41
37
47
64
71

Select upto 4 organisms for comparison:

Columns not in display

Public: Palkeococcus ferrophilus DSM - A
Public: thermococcus barophilus MP {
Private: Burkholderia sacchari LMG 19
Private: Burkholderia sacchari LMG45(
Private: Halomonas sp. Hell (66666l
Private: Halomonas sp. HGO1 (16099
Private: Pseudomonas sp. IPT 046 (1
Private: Pseudomonas sp. IPT 046 (1

==
==

clear selection

14 (56.0 %)
15 (68.2 %)
(46.3 %)
(40.5 %)
(42.6 %)
(40.6 %)
12.7 %)

16 (64.0 %)
14 (63.6 %)
20 (48.3 %)

3 (62.2 %)
(42.6 %)
(45.3 %)
(21.1 %)

Columns in display

Pseudomonas aeruginosa PADT (208
Pseudomnonas putida KT2440 (1604£

15 (60.0 %)
14 (63.6 %)
20 (48.3 %)
(62.2 %)
40.4 %)
(42.2 %)
(22.5 %)
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Softwares utilizados

KEGG BRENDA UniProtKB Entrez

Gene
Information about the definition of metabolic reactions
Substrate specificity v v v

Metabolite formulae

v v
Stoichiometry Vv Vv
v v

Reaction
directionality

Subcellular
localization

Other information about metabolic-reaction properties

Genome sequence Vv v
and annotation

GPR associations v Vv
Literature v v

GPR associations, gene—protein—reaction associations.

PubChem

MetaCyc

Transport

DB
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Improving Disease Treatment Through Genome Research

Please note that we will be retiring this old site on Tuesday, August 25th, 2015.
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encourage you to visit the new site how and see a more recent set of updated gene annotations and MANY more Pseudomonas strains.

Database Overview Database Search « | Tools - | BLAST PseudoCyc Updates Log View My Clipboard ContactUs

Since 2001, the Pseudomonas Genome database has been a resource for peer-reviewed, continually- . e .
updated annotations for the Pseudomonas aeruginosa PAOT reference strain’s genome and, more Straln-Speclflc Summaries and Analyses

recently, comparative analyses of several related Pseudomonas species.
Choose from Complete Genomes

Funding for this work is gratefully provided by Cystic Fibrosis Foundation Therapeutics Inc., a non-profit
drug discovery and development affiliate of the Cystic Fibrosis Foundation (learn more). Pseudomonas aeruginosa PAOL PAOL-UW w!| Submit
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, , Submit an Annotation Update
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was l'iaf['s'gg some BLAST search . Submit an update to the continually-updated Pseudomonas aeruginosa
results to be empty. | 2 PAOQT or LESB58 genome annotations.
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BRENDA - informacdes sobre especificidades do substrato da enzima

para uma serie de organismos e links para relevantes Publicacoes.

X0 BRENDA |
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Core de Pseudomonas
sp. LFMO046

Analise comparativa

dos genes do

metabolismo de
carboidratos a partir da
anotacao génica de genomas
espécies de Pseudomonas
disponiveis em bases de
dados.

24 | NRO74828 Pseudomonas aeruginosa PAO1
EE] NR103921 Pseudomonas resinovorans NBRC106553
JF922302 Pseudomonas sp. LFM046

I: NCO002947 Pseudomonas putida KT2440
73 AJ310393 Pseudomonas fluorescens SBW25

NRO025097 Burkholderia sacchari LFM101

Arvore filogenética representando as espécies de
Pseudomonas mais proximas a Pseudomonas sp.
LFM 046

Cardinali Rezende et al. 2020
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Construcao da rede metabolica em escala gendmica
de Pseudomonas sp.LFM046

Etapa 2. Construcao e refinamento manual do core

&% NIH Public Access
%@@ Author Manuscript
% pyenst

Publizshed 1n final edited form as:
Nat Protoc. 2010 ; 5(1): 93—121. doi:10.1038/nprot.2009.203.

A protocol for generating a high-quality genome-scale metabolic
reconstruction

Ines Thiele!2 and Bernhard @. Palsson-’

TDepartment of Bioengineering University of California, San Diego 9500 Gilman Drive La Jolla,
CA 92093-0412 United States of America
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Etapa 2. Construcao e refinamento manual do Core

- Conferéncia da anotacao dos genes da Pseudomonas sp. LFMO046.

- Rede metabdlica em escala genémica de Pseudomonas aeruginosa

PAO1.

- Reconstrucéo e refinamento do core a partir de dados presentes na
literatura e nos bancos de dados:

RAST, KBase, NCBI, Pseudomonas Genome Database, KEGG, BioCyc,
UniProt, COG (ptns ortélogas), STRING (Interacdes entre ptns), BRENDA

(informacgdes enzimaticas), etc.



Core da Pseudomonas sp. LFM046
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Sites para baixar modelos:

EMBL-EBI | Services Research | Training | About us

BioModels Home Models Submit Support | About BioModels Contact us

Model of the month

The JAKYSTAT signalling
pathway is hyper-activated in
several lymphomas. Here, the
conditions prevailing the two
Models published in the literature types of lyphomas (PMBL and
Browse Alternative access cHL) has been described using
a mathernatical model, and
signalling components in the
Manually curated JAK/STAT pathway that can be
(591 models) a potential drug target has
Gene Gene Advanced been identified and validated experimentally.

Ontology Ontology tree search
classification Access this model of the month.

Non curated
(877 maodels)

MNew Models in BioModels
BioModels now provides 1457 literature-based
Browse Alternative access models, with the new addition of 78 models.

Models automatically generated from pathway resources (Path2Models)




BiGG Models

anced Search v Validator ~ Data Search

Search Results -
Models

11079 (79)

BiGG ID Organism

i “EidiE Escherichia coli str. K-12 substr. MG 1655

iAB_RBC_283 Homo sapiens
iAF1260 Escherichia coli str. K-12 substr. MG1655
IAF1260b Escherichia coli str K-12 substr MG1655
iAF692 Methanosarcina barkeri str. Fusaro
1AF987 Geobacter metallireducens GS-18
IAPECO1_1312 Escherichia coli APEC 01
iAT_PLT_636 Homo sapiens

Escherichia coli BL21({DE3)

Escherichia coli BW2952

Escherichia coli CFT073

Escherichia coli O127:HE sir. E2348/59

Escherichia coli 042

Home  Advanced Search  Model Validator ~ Data / Search

e_coli_core

Escherichia coli str. K-12 substr. MG1655

NC_000913.3

Component
Metabolites
Reactions

Genes

SBML ” : e_coli_core.xml.gz (uncompressed)
JSON |7 : e_coli_core.json
MAT 7' e_coli_core.mat




Construcao automatica da rede metabdlica em
escala genomica de Pseudomonas sp. LFM046

e Department of Energ
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KBase is an open platform for comparative functional genomics and systems biology for microbes, plants
and their communities, and for sharing results and methods with other scientists.
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P?eudomona S_—? P—_L_H"_i 0_4_6 l37 - check out more details once the data appears in your list.

learm more...

Browse available analyses that can be run using KBase apps or methods (apps are just multi-step methods that make some common analyses more convenient).
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leam more...

odels-metho



http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method
http://kbase.us/compare-two-metabolic-models-method

E GEMOMA COMPLETO PSE..

Y https://narrative.kbase.us/narrative/ws.13710.0bj.1

K‘BGSE GENOMA COMPLETO PSEUDOMONAS LFM046
Y Created by: Juliana Cardinali Rezende (jcardinali) &

[N ENe na D I
Hide [ Showw data browser

DATA Q Search datz All types... w| All Namatives...

— i’ Rl
1| LA YT L

Pseudomonas_sp_LFMO046

Genome: Pseudomonas_sp_LFM046 JuL17, 2015 by jcardinali

. ANOTACAO_PSEUDOMONAS_LFMO46 v
24 days ago

Genome_scale_metabolic_model_Psevdomonas_sp_LFMO046 7
FEAModel
e Carbon-D-Fructose v KQ Pseudomonas_sp_LFMO46

Media Jul17, 2015 by jcardinali
24 days ago

Carbon-D-Glucose-Palsson
Media
24 days ago

A, Pseudomonas_LFMO46 v

Genome_scale_metabolic_model Pseudomonas_sp LFMO046_ w2
FEAMOodel
Pseudomonas_sp_LFMO46
Jul16, 2015 by jcardinali

"o

Carbon-D-Glucose-Palsson v
Media
Pseudomonas_sp_LFMO46

APPS & METHODS Jul15, 2015 by jcardinali

Carbon-D-Fructose v
Media
Pseudomonas_sp_LFMO46
Jul15, 2015 by jcardinali

Anontatlon_Psevdomonas_sp_LFMO046 7
Genome: Pseudomonas sp. LFMO46
Pseudomonas_sp_LFMO46
Jul15, 2015 by jcardinali

IYKOO00000000.1 v
ContigSet
Pseudomonas_sp_LFM046
Jul14, 2015 by jcardinali

O
o
©
2
2
=

Annotate Plant Coding
m Sequences with Metabolic




E GEMOMA COMPLETO PSE... X

i https://narrative.kbase.us/narrative/ws.13710.0bj.1

KBase =~ GENOMA COMPLETO PSEUDOMONAS LFM046
“‘41*6 Created by: Juliana Cardinali Rezende (jcardinali) d

W DATA Q It Search data. W All Marratives_.

— i - o

Genome: Pseudomenas_sp_LFM046
24 days ago

Carbon-D-Fructose 7
Media
24 days ago

. ANOTACAO_PSEUDOMOMNAS_LFMO46 v Mo data found

Carbon-D-Glucose-Palsson
Media
24 days ago

Ay, Pseuvdomonas_LFMO46 w7

¥ APPS & METHODS

Annotate Plant Coding
m Sequences with Metabolic




(%4 https://narrative. kbase.us/narrative/ws.13710.0bj.1

KBase | GENOMA COMPLETO PSEUDOMONAS LFM046
ml Created by: Juliana Cardinali Rezende (jcardinali) &

My Data Shared With Me

DATA Q Ik Genomes w

Total results: 28372 (40 shown)
Yersinia pestis biovar Microtus str. 91001
24 davs 300 Domain: Bacteria
4 0ays ago Contigs: 5
Genes: 4887

Carbon-D-Fructose v
6 Media Gibberella zeae PH-1

24 days ago Domain: Eukaryota
Contigs: 512

Genome: Pseudomonas_sp_LFMO46

. ANOTACAO_PSEUDOMOMAS_LFMO046 v

Carbon-D-Glucose-Palsson 7 Genes: 11640
Media
Synechococcous sp. CBO101

24 days ago
Domain: Bacteria

p Contigs: 94

A, Pseuvdomonas_LFMO046 v Genes: 2862

APPS & METHODS Synechococcus sp. CB0205
Domain: Bacteria
Contigs: 78
Genes: 2644

Acidovorax sp. |S42
Domain: Bacteria
Contigs: 3
Genes: 4392

Mycoplasma gallisepticum R
Domain: Bacteria

Contigs:1

Genes: 816

Annotate Plant Coding _ '}'ﬂTET :I;L::rﬂucreyl 35000HP

m Sequences with Metabolic




o GEMOMA COMPLETO PSE.. X

£ | https//narrative kbase.us/narrative/ws.13710.0hj.1

KBase
Created by: Juliana Cardinali Rezende (jcardinali) &

My Data

MNarratives Jobs

Analyze
Vv DATA

Q kT o9

Genome: Pseudomonas_sp_LFMO0446

24 days ago

Carbon-D-Fructose v/
6 Media
24 days ago
Carbon-D-Glucose-Palsson 7
6 Media
24 days ago O

A, Pseudomonas_LFMO046 v W

. ANOTACAO_PSEUDOMONAS_LFM046 v

v APPS & METHODS

Domains

GENOMA COMPLETO PSEUDOMONAS LFM046

Shared With Me

Example Sequence Assembly Inputs

Various types of read data configured for sequence assembly.

rhodo_art. q20.nt PE reads
PairedEndLibrary

rhodo_art ql0_PE reads
PairedEndLibrary

Example Contig Sets

A set of DNA sequences

Shewanella_oneidensis_MR-1_contigs
ContigSet

Rhodobacter_CACIA_14H1_contigs
ContigSet

Example Genomes
Genomic sequence generally with attached functional annotations

$ Shewanella_oneidensis_MR-1
Genome: Shewanella oneidensis MR-

Annotate Plant Coding
m Sequences with Metabolic

‘@
$
$

$ Sbicolor JGl-v2.1
Genome: Sorghum bicolor

Rhodobacter_sphaeroides_2 41 KBase
Genome

Rhodobacter_sphaeroides_2.4.1
Genome

Rhodobacter_CACIA_14H1

Genome

Example = Import

Example FBAModels

A metabolic model of an organism

s,
%
%

CACIA_model_kbase
FBAModel

CACIA_14H1_model_translated
FBAModel

Example Media

Specification of an environmental condition




- Submissao da sequéncia do genoma
para anotacao

=] =] —
e 2 Pseudornonas_sp LFMO.. > O GENOMA COMPLETO PSE... > | 0 GEMOMA COMPLETO PSE..

K. | https://narrative.kbase.us/narrative

= KBase GENOMA COMPLETO PSEUDOMONAS LFM046
5‘: Created by: Juliana Cardinali Rezende (jcardinali) &

Size 5972907

Mumber of Contigs

Run Aux Balance Analysis Number of Genes

method 56004976002 43301008950

Status- Completed 22 8 days ago

Fun Time: 37.5sec . - -
Started: 228 days ago v Annotate Microbial Contigs

Annotate bacterial or archaeal contigs using components from the RAST (Rapid Annotations using Subsystems Technology) toolkit (RASTtk). maore..

Simulate Growth on Phenotype Data
method: 56e004 506002 4330100895c8

Status Completed 22.8 days ago
Run Time 314 sec

Started: 22.8 days ago Scientific Name | Pseudomonas_sp_LFM046

Build Metabolic Model
methoc 56eT78306002433610089461 Domain
Status Completed 24.6 days ago

Run Time: 17 min
Started: 24 .6 days ago GENECLOUE | 44 (Archaea, most Bacteria, most Virii, and some Mitocho...

ContigSet | pseydomonas_LFM046

B (Bacteria)

Build Metabolic Model ~
method: 56eTT6E66002433010089450 Output Genome Name | aynTACAQ PSEUDOMONAS_LFMO46
Status Completed 24.6 days ago
Run Time- 1.7 min

Started: 24.6 days ago
—Tr 0630, 3/14/2016 by icardinali
Annotate Microbial Contigs m submitted on 22:06:30, 3/14/2016 by jcardinali

method-d833n73d-Pec2-47a-S0f- 344372929244

Status: Completed 24.6 days ago
Fun Time: 1.2 min
Started: 24.6 days ago

show advanced options

method:d833b23d-Pec2-4f2a-8bf9-344372929244

In-progress




Show 0 Search contig:

Contig name Length

Pseudomaonas-Brazil-Chro 5912441
45233
13303

1931

Showing 1to 4 of 4 entries

~ ANOTACAO_PSEUDOMONAS_LFM044

Lenes

Search gene: | phosphogluconate

Gene ID i # Start |# Type Function

ANOTACAO _PSEUDOMONAS_LFMO46 CDS. 680" seudomonas- | 1288449 Phosphogluconate
razil- dehydratase (EC 4.2.1.12)

AMOTACAO PSEUDC : LFMD46.CDS.681 seudomonas- | 1301238 - Phosphogluconate
£ repressor HexR, RpiR
family

AMOTACAC _PSEUDOMONAS_LFMO46.CD5.6 seudomonas- | 1303598 4-hydrony- 2-oxoglutarate
razil- aldolase (EC 4.1.3.16) @
2-dehydro-
3-deoxyphosphogluconate
aldolase (EC 4.1.2.14)

ANOTACAD_PSEUDOC 3 _LFM046.C05.7360 seudomonas- | 1896883 4-hrydroxy- 2-onoglutarate
I aldolase (EC 4.1.3.16) &
2-dehydro-
3-deowyphosphogluconate
aldolase (EC 4.1.2.14)

ANOTACAO _PSEUD-OMOMNAS _LFM L seudomonas- | 5736179 | - 5 Phosphogluconate
razil- repressor HexR, RpiR
family

Showing 1to 5 of 5 entries (filtered from 5,674 total entries)




4® DataView for ANOTACAO PSEUDOMONAS_LFM046

Feature Overview

LSUrRNA ## 235 rRNA, large subunit ribosomal RMA

Pseudomonas_sp_LFMO04s
jcardinali:1458003481132/ANCTACAO _PSEUDOMC

2892 bp
449238 to 452129 (+)

No known aliases

LSUrRNA ## 235 rRNA, large subunit bosomal RNA
No subsystem data found.

No annotation comments found.

Sequence
Protein + ANOTACAO_PSEUDOMONAS_LFM046
Contigs Genes Pseudomonas-Brazil-Chromose [x ANOTACAO_PSEUDOMONAS_LFMO046.CDS.5670 Ix
Contig name Pseudomaonas-Brazil-Chromose

Length 5912441

Gene count 5605

000 I4E-iEIDD IE-EIiDEIEI IE-E-iDEIEI 1E-DiEIDD IE-E-iEIEID ITDiDDD 1TE-iDDEI

| <4l e D) -_-‘- L lalalg | 244 22 | “.---14

ANOTACAO_PSEUDOMOMNAS_LFEMO046.CDS 5762 Cystathionine gamma-lyase (EC 4.4.1.7)

First Previous EZoomOut Next




- Anotacao automatica

— 2.Pseudomanas_sp LFMD 3 | . GENOMA COMPLETO PSE.., xf: GEMOMA COMPLETQ PSE...
r {413 T AT

—_ KBase )
= y® DataView for ANOTACAO_PSEUDOMONAS_LFMO046

Aszembly and Annotation

2, !}I}D 4,000 B, }I}D B, !}I}D 10, !}!}D 12,000 14, 3-3-:) 18, }I}D Click on a feature to view details

} <K<K <]<]ﬂ<<1<]<]b[>|:
<d < a ¢« P

le< <

Functional Categories Contig = Start* Strand Function
| 374 Carbohydrates
24 | Organic acids ACAD_PSEUDOMONAS_LFMO46& repeat MDS_scf5 t e repeat region

Monosaccharides

MDS_scfs | 105 - 0 integrase,

Sugar alcohols )
11 | D# and oligosaccharnides putative
W < -
M L AWCAC_PSEUDOR S _LFMO46.CD i MDS_scfs = =

Central carbohydrate metabolism

One-carbon Metabolism
Paoly:

G0 fuation \CAQ_PSEUDON S_LFMO046.CD 6 MDS_scfs | 37 > DNA cytosine
Fermentation

MD5_scfs

methyltransferase
family protein

Ghycoszide hydrolases

— Carbohydrates —

1| Respiration AD_PSEUDON S_LFMO46.CD 7 _scf - 07 Retron-type
Nucleosides and Nucleotides RMA-directed
Stress Response DNA polymerase
Froitein Metsbolism (EC2.7.7.49)
Regulation and Cell signaling
Cell Wall and Capsule ANOTACAO_PSEUDOMOMAS_LFM046.CDS.4 MDS_scfs
Miscellansous

Photocynthass AQ_PSEUDOMONAS_LFM046.CDS MDS5_scf5
RNA Metabolism

Metabolism of Aromatic Compounds

OTACAC_PSEUDOR IAS_LFMO46.CD MDS_scfs = hypothetical
protein

Clustering-based subzystems

Fhosphornus Metabolism . r - -
e AD_PSEUDOMONAS_LFMO44.CD l _scf - hypothetical

protein

Phages, Prophagss, Transposable slemants
Secondany Metabolism




- Construcao do modelo metabolico

escala genomica a partir de glicose

KBase GENOMA COMPLETO PSEUDOMOMNAS LFM046 O,, .;: Ed
}ﬁ' Created by: Juliana Cardinali Rezende (jcardinali) r kemel

Analyze Narratives Jobs Model | v Build Metabolic Model Tk - 3

SEED Generate a draft metabolic model based on an annotated geneme. more..

Run Auwx Balance Analysis
method: 56e9d49760024330100895c5

Status Completed 22.8 days ago ’
Run Time: 3?_SEcc e Media | Carbon-D-Glucose-Palsson

Started- 22 8 days ago

Genome | ANOTACAO_PSEUDOMONAS_LFMO46

R+

Simulate Growth on Phenotype Data
miethod 56004506 0024330100895c8 _f Output model
Status Completed 22 8 days ago
Run Time- 34 sec

Started- 22 8 days ago

x

Pseudomonas_using_glucose

Template for reconstruction | gram negative
Build Metabolic Model x

miethod 56e7T83d6002433010089461 4

Status Completed 24.6 days ago

Run Time- 1.7 min

Started: 24 .6 days ago

Build Metabolic Model x | Gapfill model?
micthod- 56677 6856002433010089450 <

Status Completed 24.6 days ago show advanced options
Run Time- 1.7 min

Started- 24 .6 days ago
Y549 Edit and Re-Run submitted on 23:42:07, 3/14/2016 by jcardinali 4 mlym Narmratives.
Annotate Microbial Contigs ®

method 633023 Sec?-HZa-BufP- 344372929244 <
Status: Completed 24.6 days ago Status
Run Time: 1.9 min

Started- 24.6 days ago

v DATA Q kT o9

Job Id: method:56e7768660024330100894¢ P 244

Statws: Completed

4  Analyze
Vv DATA

S

0 Carbon-D-Glucose-Palsson 1

P RO LAE

Submitted: 23:42:15, 3/14/2006

Time in queuve: 1.219 sec.

Execution Started: 23:42:16, 3/14/2016 '

(-

Permament Id 13710
Full Type KBa
Saved by

Permament id 13710
Full Type KBaseFBAFBAM




+ Build Metabolic Model (method output)

xn0O0[cO]

"I]

Reactions

v | entries

Manme

Pyrophosphate
phosphohydrolase

Urea-T-carbosxylate
amidohydrolase

hydrogen-
peroxide-hydrogen-
peroxide oxidoreductase

Glyomoylate carboxy-lyase
{dimerizing)

pyruvate:thiamin
diphosphate
acetaldehydetransferase

S-Aminolevulinate hydro-

lyase{adding
5-aminolevulinate and

6? Dlmethyl -B-(1-D-

Compounds

Equation
H2O[cO] + PRI[c0] == (2}

H+[c0] + (2} Phosphate[c0]

{3} H+[cO] + Allophanate[c0]
+ H20[c0] == (2} NH3[c0] +
(2} CO2[c0]

(2YH202[c0] =
+ O2[cO]

= (2} HZ20[c0]

H+[c0] + (2} Glyoxalate[cO]
== Tartronate
semialdehyde[c0] + CO2[c]

2-Hydromyethyl- ThPP[cO] +
CO2[c0] <= H+[c0] +
Pyruvate[c0] + TPP[cO]

(2} 5-Aminolevulinate[c0] =
H+[c0] + (2} H2O[cO] +
Porphobilinogen[c0]

r2.'6 -7 Dlmethyl -8--1-D-

ANOTACAO_

OTACAO_
ANOTACAO_
ANOTACAO_
ANOTACAO_

ANOTACAO

OTACAD _

OTACAD_F
ANOTACAO _

ANOTACAO _

OTACAC_
ANOTACAQC _

ANOTACAO _

ANOTACAO_

ANCTACAD _

FSEUDOMO

FSEUDO

FSEUDOMOM
FSEUDOMO
FSEUDOMO

:5:h DOMO

PSEUDO

PSEUDOMOM

PSEUDOMONAS _

PSEUDOMO
PSEUDOMO

PSEUDOMOM

PSEUDOMONAS _

PSEUDOMONAS _

R

S AL TG
AUo.8ai0

5. C05.10436

MO46.CO5.6114




+ Build Metabolic Model (method output)

Compounds Genes

AMOTACAO _PSEUDOMONAS_LFMO44.C0S.10001 nP&74[c]

AMOTACAO_PSEUDOMOMNAS _LFMO44.CD5.10014 nQ&00[c0],

mRS 0
e ILCLY)

n00935[c0]

AMOTACAO_PSEUDOMOMNAS_LFMO44.CD5.10019 nQ0915[c0],

nO0&3&[c0]
SUSIO{CU],

n01544[c0]
AMOTACAO _PSEUDOMOMNAS_LFMO46.CDS.10020 nO07N[c0]
AMOTACAO_PSEUDOMOMNAS_LFMO44.CD5.10021 n05197[c0]
AMOTACAO _PSEUDOMOMAS_LFMO446.C05.10023
AMOTACAO_PSEUDOMOMNAS _LFMO44.CD5.10030
AMOTACAD_PSEUDOMOMNAS _LFMO44.CD5.10034
AMOTACAQ _PSEUDOMONAS_LFMO446.C05.10037

AMOTACAD_PSEUDOMOMNAS _LFMO44.CD5.10042

Showing 1to 10 of 1,237 entries




v Build Metabolic Model (method output)

Compounds

Hame
Cytosol

Extracellular

Showing 1to 2 of 2 entries

v Build Metabolic Model (method output)

Compartments
entries
MName Coefficient
pd15723[c0] Dianteisoheptadecanoylphosphatidylglycerol  -0.0106480421341882
pd00008[c0] = ADP 40
pd00015[c0] | FAD -0.00309646685192537
pd15352[c0] 2-Demethylmenaguinone 8 -0.00309648685192537
pd00322[c0] L-Isoleucine -0.241798510337235
pd00033[c0] = Glycine -0.50%84697846991038
pd154695[c0] Diisoheptadecanoylphosphatidylethanolamine | -0.0106480421341882
pd00006[c0] = NADP -0.003094646685192537
pd00035[c0] | L-Alanine -0.427934380173264
pd17041[c0] Protein biosynthesis

Showing 1to 10 of 85 entries




F | https://narrative kbase.us/narrative/ws.13710.0bj.1 c Pes ar wB8 U ¥ 4@ e =
— KBase = GENOMA COMPLETO PSEUDOMONAS LFM046 O <« 2 2
- .|'ﬂ' Created by: Juliana Cardinali Rezende (jcardinal]) & kemel share save
d ves DDS . _
~ Build Metabolic Model (method output)
.
-
Run Aux Balance Analysis x Orverview Reactions Compounds Genes Compartments Biomass Gapfilling Pathways
method: 569497600243 30100895c0 >
Status Completed 22 8 days ago _ i
Run Time: 37.5 sec Selection Pentose phosphate pathneay
Started: 22.8 days ago
Simulate Growth on Phenotype Data ®
method:56e0045060624330100895c8 v
Status: C J ¥
RmTne  ompleted 22.8daysago | PENTOSE PHOSPHATE PATHWAY
Started: 22 8 days ago DG loeosarinale
Build Metabolic Model ® p b1
ericaeand ghocuromale |,
method:56c 778306062 433010089461 v a7 —_ bl i, shod Jn:-
Status: ; 3k
) Completec 24 & days ago ; 1134 L ] -_Ig_-_:.?r DGhessate 142139
Run Time: 1.7 min p————————— T 3.LLI7
Started: 24.6 days ago f B.DGhucoss [L13.5 H == i 4.2.1.140
Buld Metabolic Model x i 1.1.|.3.sc1.1.|.35% J L1222
« m——=====r= : . Dlekrdan. | —— e
Status Completed 24.6 days ago I DnGbace[113.9 11152 5—5|l.ll-'3i:::|t i &J Pysinats %_ ___________ (lyenhys
Roun Tame: 1.7 min - | S—— E
Stated 344 Gays agoe ! Ernz] 271457174
o ) 2. Dehydre- —
Annotate Microbial Contigs x I D-graomake-6F @1 143 I,
method-d8336230 fec2-42a-8uff J41372929244 | 71 e T R Ie =
7 | { HSPD | 2-Dielyrion- 3 decayr Lycet-
Status: Completed 24.6 days ago | - D-Chucoge-5F D-ghecoraie-6F  ~ 41214 aldeheie- 30 Glycemsie-3F
Run Time: 1.9 min e 1149 —» LL31 "0 ——'r—r?_—-l}'..] 3 -0
Started 24.6 days ago I DGlucomn- Dephuensak-6F
30 1 S-lactomm-6F
| eGP _ 11144
| _ ot —EE?G 3.3 27—+ 08— 1.2 43—
Dheazshon Hex- Dhi bacoesaminate D cosamarake-SF
319 r S-uloes O (exmacelinles) -
b ';Mn D Hyteloes "P - AP mmmlglu:':ﬂm‘t
TCOIETRIOTE
| B i D-Ribdose5F o
- D-ExySouse-
Hlyalyss rin pruad| T
¥ T ¥D-Riboss.5F A
e 5 =l =0 DLRE
B-D-Fructose- | 6P2 ?
-~ e D Riboss. 1P
pobk- .o v
——————— L srrpOe—— D742 D-Ribose.1, 5P
ﬂﬂlg.cﬂnﬂ-.h:.\-:&e_a 1 - i
. O D-Xylukse- 5P - o Pt :|
me ERITL
2.7.115 1 e
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- Construcao do modelo metabolico em

escala genomica a partir de frutose

Analyze  Namatives

Run A Balance Analysis

RO SECPIAT A0 4 IR T

Status Completed 22 8 days ago
Fum Tirme: 37.5sec

Started: 22 y's ago

Simulate Growth on Phenotype Data
ot P s 2 A TIPS

Status

Fum Tirme:

Started

Build Metabolic Model

IO PRSI T3NS 461

Status Completed 24.6 days ago
Fum Tame: 1

Startea 24 6daysago

Build Metabolic Model
RO 6T F6EAG00IATI0EIAE0

Status Completed 24.6 days ago
Fum Tirme: 1.7 min

Started: 24.6daysago

Annotate Microbial Contigs
MR FocZ A2 B AIIZIITI
Status Completed 24.6 days ago
Fum Tarme: 1.9 min

Starteat 24 6 days ago

Jobs

AR n

4 X

s Created by: Juliana Cardinali Rezende (jcardinali)

Model
SEED

KBose | GENOMA COMPLETO PSEUDOMONAS LFMO46

&

~ Build Metabolic Model

Genome | pNOTACAD_PSEUDOMONAS_LFMO45

Media
Carbon-D-Fructose

Output model

e fo onstruction .
Template for reconstruction | g negative

o |Gapfill ma

Generate a draft metabolic model based on an annotated genome. more...

Pseudomonas_using_frutose

show aavanced options

methed:56eTT83d6002 433010089461
Completed

23:40:34, 3/14/2016

574 sec.

23:49:35, 3/14,/2018

235117, 3/14/2018

10184 sec.

Analyze
DATA

Permament Id 137

Full Type KBaseB
Saved by | 3




- Comparacao entre modelos metabadlicos de
especies diferentes

Compare Two Metabolic Models

Genome_scale_metabolic_model_Pseudomonas_sp_LFM046 genome / nta u sp_LFMOD46
6)
Genome_Scale_Metabolic_Model_P_aeruginosa_PAO1 genome inosa_PAOT_ANNOTATION
S aeruginosa PAOT)
Reactions in Genome_scale_metabolic_model_Pseudomonas_sp_LFM046
Reactions in Genome_Scale_Metabolic_Model_P_aeruginosa_PA01
Commaon reactions
Reactions with same features
Unigue reactions in Genome_scale_metabolic_model_Pseudomonas_sp_LFM046

Unigue reactions in Genome_Scale_Metabolic_Model_P_aeruginosa_PAQ1

Genome_Scale_Metabolic_Model_Pseudomonas_putida_KT2440 genome Pseudomonas_putida_KT2440
(Pseudomor tida KT2440)

Genome_scale_metabolic_model_Pseudomonas_sp_LFMO046 genome udomo _LFMO046
(Pseudom

Reactions in Genome_Scale_Metabolic_Model_Pseuvdomonas_putida_KT2440 185
Reactions in Genome_scale_metabolic_model_Pseudomonas_sp_LFM046

Common reactions

Reactions with same features

Unique reactions in Genome_Scale_Metabolic_Model_Pseuvdomonas_putida_KT2440

Unique reactions in Genome_scale_metabolic_model_Pseudomonas_sp_LFM046




- Simulacao de crescimento em diferentes

fontes de carbono

KBase GENOMA COMPLETO PSEUDOMONAS LFM046 O = =) "
13 Created by: Juliana Cardinali Rezende (jcardinali) & kemel  share save
Narratives Jobs
D v Simulate Growth on Phenotype Data (method output) (DK -]
-
=/
i o Phenotypes
Run Flux Balance Analysis ®
method 56e9d4976002433b100895c9 = Show | 10 |v| entries
Status: Completed 22.8 days ago
Run Time: 375sec Observed
Started 22.8 days ago Gene  Additional nomalized  Simulated Prediction
Simulate Growth on Phenotype Data ® Growrth condition It ko compounds growith growtt dass
method 56e9045d60024330100895C8 > . ~ i
Rsp-minimal-CN D-Ribose, NH3 1 1 CcP
Status: Completed 22 8 days ago
Rumn Time: 314 sec Rsp-minimal-CN D-Galacturonate, 1 1 cp
Started 22 8days ago NH3
Build Metabolic Model x Rsp-minimal-CN Uridine, NH3 1 1 P
method 5667T8306002433010089461 >
Status: Completed 24 5 days ago Rsp-minimal-CM L-Proline, NH3 1 1 cp
Run Time: 1.7 min
Started: 245 days ago Rsp-minimal- CN D-Mannose, 1 1 cP
NH3
Build Metabolic Model ®
method 56e776866002433010089460 ¥ Fisp-minimal-CM delta- 1 1 P
Status: Completed 24.6 days ago aminovalerate,
Run Time: 1.7 min NH3
Started: 24.6 days ago
isp-minimal-CN D-Glucose, NH3 1 1 cp
Annotate Microbial Contigs ®
method d833b23d-Pec2-4f23-Bbf9- 344372929244 ¥ isp-minimal-CN D-Psicose, NH3 1 1 cp
Status: Completed 24.6 days ago o
Run Time: 1.9 min Rsp-minimal-CN D-Fructose, NH3 1 1 cp
Started: 24.6 days ago o
Rsp-minimal-CN L-Lyxose, NH3 1 1 cp
Showing 31 to 40 of 208 entries Previous 5 21 a2

LINTR I guesue, 1LLDD BB, 1




Substratos utilizados pela Pseudomonas sp. LFM046
simulados pelo KBase.

Glv-Met. Succinate D-Galarturonate, NH3
ghi-gln-L, NH3 D-Emctogs. NH3

: - D-Chondrosanune.
2-Omobutyrate, NH3

Undme, Sucoinate Al lutamine, Sucsl GABA NH3
Urea, Succinate e b . BHGEE Ammeethanal. Succmate
Urate. Sucrinate I _ 3 Formate, WH3 Cytosme, Spconate.
Lracil, Snccimate me, NH3 valgme. Suco Dextom, NEH3 Catidime. Sncomate
T e W3 _ - & Sncei Eﬁ?‘%ﬁﬂlﬂm Citnilline, Succinate
Joeen 20, NED NE3 SPAas mate. D-Serine. Sucrmate  Butyte, NH3
e, Sucein: Malate. NH3 -Asparagine. NH3 D-Fibose, NH3 mmmm IE
Thomiding, Sucsinzte. L-Malate, NH3 inine. Sycci D-Psicose, NH3 2
Thymudins, NH3 vxose, NH3 delveme, N3 D-Maonose, NH3
; i : bagi e D-hAUROSARIDE,
Tattrate, NH3 ' ’ Succinate.
Sncoinate, NED vaing, NH3 D-Mammitol, NH3
Sorhitol, NH3 e, 3ol D-IyIalate. NH3
Bihitol. NH3 me, NH3 3 ] D-Lazitol, NH3
. N3 i . . D-Lysine. Sucsi
Bureseine. Swcoinate ihiomalas, D-Glutamate, Succinate
Xylnze, NH3 ; e, NH3 e " D-Glucose, NH3 3-Omoprolme, Succinats.

Cardinali Rezende et al. 2020



Extensiva curacao manual e validacao do
modelo sao necessarios.

KBase
s

Narratives

DATA A

maximizando_eda v/
FBA
22 days ago
teste_maximizando_edd .
Phenot nulationSet
22 days ago
e Pseudomonas_using_glucose gffba
FBA

Pseudomonas_using_glucose v2
= FBAModel

APPS & METHODS Q

Check Model Mass Balance
* fba_tools v1.0.0

Cluster Expression Data -
Hierarchical

*v1.0.0
Cluster Expression Data -

K-Means
*v1.0.0

- Cnrmnare FRA Snlitinnc

GENOMA COMPLETO PSEUDOMONAS LFM046

Created by: Juliana Cardinali Rezende (jcardinali)

wiB O % 4
O < @

r kemel share
|

lJobs

~ Check Model Mass Balance
Check the mass balanced of all reactions ina model more...

7 m

]

ModellD | pgaudomonas_using_glucose

[ L1 Bl submitted on 17:20:53, 4/08/2016 by jcardinali

Report

no advanced options

Status | Console Log



Etapa 3. Validacao do modelo, calculo de
biomassa e simulacoes

- Identificar e resolver erros no modelo - gaps
Muitos genes no genoma sem fungéo conhecida — lista de enzimas € incompleta;
Especificidade incorreta do substrato; reversibilidade de reacéo; uso de cofatores;

Tratamento de subunidades enzimas como enzimas separadas.

- Definir a equacéao da biomassa
* Composicado macromolecular da célula (proteinas, DNAs, RNAs e lipideos ...)

* Requerimentos energéticos da célula para produzir biomassa (ATP)

- Validar o modelo com dados experimentais

Taxa de crescimento, utilizacdo do substrato, formagé&o do produto, rendimento

(Feist e Palsson, 2010; Bodilis et al. 2012)



2| [dentify candidate metabolic functions.
Obtain candidate metabolic reactions.
Assembly of draft reconstruction.

| Collect of experimental data.

construction
6| Determine and verify I Usage
7| Obtain neutral formula for each metabolite.
| Determine the charged formula
)| Calculate reaction stoichiometry
10| Determine reaction directional

11| Add mformation for gene and reaction localization,

12| Add subsystems information.

13| Verify gene-protein-reaction association.

14| Add metabolite identifier.

15| Determine and add confidence score

16| Add references and notes.

17| Flag information from other organisms.

18| Repeat Step 6 1o 17 forall genes.

19| Add spontaneous reactions to the reconstruction.

20| Add extracellular and periplasmic transport reactions,

21| Add exchange reactions.

22| Add intracellular transport reactions.

23| Draw metabolic map (optional).

24 -32| Determine biomass composition.

33| Add biomass reaction,

34| Add ATP maintenance reaction (ATPM).
35| Add demand reactions

36/ Add sink reactions.

37| Determine growth medium requirements.

r and Dissemination
rint Matlab model content.
96| Add gap information to the reconstruction output.

4. Network evaluation
43-44| Test if network is mass- and charge balanced.
45| Identify metabolic dead-ends.
46-48| Gap analysis
49| Add missing exchange reactions to model.
50| Set exchange constraints fora simulation condition,
51-58| Test for stoichiometrically balanced cycles.
59| Re-compute gap list.
60-65| Test if biomass precursors can be produced in standard medium
66| Test if biomass precursors can be produced in other growth media.
67-75| Test if model can produce known sceretion products
76-78| Check for blocked reactions.
79-80| Compute single gene deletion phenotypes
81-82| Test for known incapabilites of the organism.
83| Compare predicted physiological properties with known properties.
84-87| Test if the model can grow fast cnough.
‘ 88-94| Test if the model grows too fast.

3. Conversion of reconstruction
into computable format

38| Imitialize the COBRA toolbox

39| Load reconstruction into Matlab.

40| Verify S matrix.

41| Set objective function

42| Set simulation constraints,

Thiele e Palsson, 2010

A combinacao de esforcos automatizados e manuais de reconstrucao

é necessaria para gerar reconstrucoes precisas!



Table 2 | Organisms and network properties for which genome-scale metabolic reconstructions have been generated*
Organism Genes 5Kl N M, Status
Bacteria
Bacillus subtilis

Escherichia coli

Francisella tularensis
Geobacter sulfurreducens

Haemophilus influenzae
Helicobacter pylori
Lactococcus lactis

Mannheimia succiniciproducens

Pseudomonas aeruginosa

Staphylococcus aureus

sl siiela N el M alaY oo e Mo B M oo To W o'

Streptomyces coelicolor

Archaea

Methanococcus jonnaschii

Methanosarcina barkeri

Eukarya

Arabidopsis thaliana 1418

Homo sapiens : 2 700+

Mus musculus J 1,1565

Flasmodium falciparum ND 7374 Fi

Saccharomyces cerevisiae 6,183 10.6 750 4 . C.E
705 & . EE

*5Several non-curated automated reconstructions are also available from KEGG* and BioCyc®. #0nly enzyme numbers were reported. §Genes as reported™™.
Latest numbers from HpCyc®. 1. Edwards, personal communication. C, a curated network; E, a network that is evaluated using computational medelling
methods that are based on a stoichiometric matrix: NA, not available; ND, not determined: N_, number of genes: N__number of metabolites: N, number of

reactions: 5KI, reported species knowledge index,




