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Representative E. coli transport systems
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Transporter Genome Analysis

http://www.membranetransport.org

Web
browser
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Format resultsn

Blastp against transporter
protein database Return resultsﬂ

|

Complete genome data
17 - = TransportDB
(MySQL)

/ Linux Web Server

COG-based Blastp against a
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Genomic Comparisons of Membrane Transport Systems
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Database Statistics
As of May, 2006

Total transport proteins: 85,234

Total families: 144

Total organisms: 244

Major Families: ABC 37,031
MFES 8,886
DMT 2,572
P-ATPase 2,172
APC 1,837
RND 1,670
MOP 1,664
TRAP-T 1,363
VIC 1,075
Total 51,970 (61%o)
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Bacteria { 179 total)
-- Select Bacteria -
Archaea (23 total)
-- Select &rchaes --
Eukaryota (22 total)
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Organisms List fﬁé"ﬁ
Structure m
S=arch

Compare Organisms
Blast
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Transporter Proteins in

Escherichia colf K12-MG 71655

Genome Size({Mb):
Total Transporter Protei
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Mb genome: ABC
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ABC Family*
F-ATPaze Family*
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print all transporters
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Function

Transport Function

Transporter Hame:
Transporter Type:

Transporter Famihye:

Transporter Subfamibs
Substrate/Function:
TC#

Genome Locus

PID:

Source:
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ATP-Dependent

P-ATPasze

C) Superfamily

SUBSTRATE
binding protei

AraF (h1901 ) EELs arahinose

ArgT (h2310) EELs zinefargininefornithine

Transporter Protein
AraH

Transmembrane

Segment Sequence

AraH
ATP-Dependent

ABC (TC# 3.2.1)
The ATP-binding Cassette (ABC) Superfamily

membrang
arahinoze
34122

49176167 Blast
Ezcherichia coli H12-MG1635

Chromosome: |-

Location:
Gene:
Length:

19503575, 1981567
h44E80
329

Strand: |-
Code: |-
COG: -

Product;

high-affinity L-arakinose transport protein (ABC superfamily, membrane)

34122 |@
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Transporters vs Genome Size

Transport Proteins as Percent of Total ORFs
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EcoCyc Project Overview

m E. coli Encyclopedia
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m E. coll functional-bioinformatics database

Metabolic Network

!
Pathways: 190

!
Reactions: 1,257 Compounds: 1,106

i

Gene Products:
4,332

Genes: 4,332 Citations: 13,274
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Inclusion and annotation of membrane
transporters in EcoCyc

Starting point- the set of known and putative E. coli membrane
transporters from our transporter database

Modified the schema for enzyme reactions in EcoCyc to facilitate
representation of membrane transport reactions

Annotated the set of known and predicted cytoplasmic membrane
transporters
€ Bioinformatic predictions
Medline searches
Other leads from original journal articles

Other online resources, e.g., SwissProt
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Information captured on membrane transporters
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Substrate specificity and affinity

Mechanism of transport
€ ATP-dependent, secondary transport, channels, PTS, unknown
Experimental evidence
€ Gene knockouts, purified proteins, whole cell or vesicle transport assays, growth phenotypes

Protein family
Physiological Role

Protein structure
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E. coli K-12 Transporter: XyIE xylose MFS transporter

Synonyms: B4031 | RyIE

Comment:
#ylE is a D-xylose/proton symporter, one of two systems in E. colf responsible for the uptake of D-xylose. The other being the ATP-dependent ABC transparter x¥IFGH. The cloned xJE gene has been shown to
complement xE mutants in wivo [ Davis8/ ] . ®ylE-mediated transport in whole cells is inhibited by protonophores and elicits an alkaline pH change [ Lam30 | . Experiments using %7€ and xp/F mutants have
established that AylE has a km of 63-169 pM for D-xylose [ Sumiyad5 ] . ®yIE is a member of the major facilitator superfamily (MF3S) of transporters | Griffith32 | and appears to function as a xylose/pratan
symparter. The x@E gene probably constitutes a monocistronic operon whose expression is inducible by D-xylose. Impaorted xylose is catabolised to xylulose-5-phosphate by the action of the ZylA and XylB
eNZymes,

Gene: xylE

Locations: inner membrane

Sequence Length: 491 Als

Molecular Weight of Polypeptide (from nuclectide segquence): 53.608 kD

Unification Links: MODBASE:POAGF4 | RefSeq:MP 418455 | Swiss-Model: POAGF4 |, UniProtkKE: POAGF4

Relationship Links: Pfarm:IM-FAMILY: PFO00S3

Gene-Reaction Schematic: ﬂ

Enzymatic reaction of: XylE xylose MFS transporter

D-xylose HY

periplasmic space
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Ecocyc- Transport statistics
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310 cytoplasmic membrane transport systems
681 genes classified as transporter genes
217 transporter reactions defined

146 transported compounds

60% of transport genes have experimental evidence for their function

17% transporters are co-encoded in an operon with an enzyme with the
same substrate
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Breakdown of known transported substrates
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other Inputs for metabolic pathways

cofactors .

other metabolites
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Overview of Paulsen group curation efforts
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Originally- incorporation of membrane transport systems into EcoCyc

expanded our annotation efforts focused on membrane biology

€ protein secretion
flagella, pilus, fimbriae biogenesis
lipoproteins
outer membrane proteins
lipopolysaccharide biosynthesis

€ other membrane proteins

Other areas, e.g., chaperones, and DNA repair
Curation of non-K12 E. coli — CFT073 and EDL933 (0157)
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Transporter predictions using Pathway Tools
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m Collaborated with Tom Lee and Peter Karp at SRI on including
transporter predictions in Pathway Tools

m Used an analogous approach as they used for metabolic systems

m Iterated a series of predictions for several genomes- compared with
TransportDB

m [ssues in unambiguously assigning:

€ Substrate specificity
€ Transport direction
€ Energy coupling mechanisms

€ Identifying parts of multi-component systems, eg., ABC, PTS transporters
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Z. mobilis Reactions Class: Secondary Transporters

Comment:
Secondary Transporters use chemiosmotic energy in the form of a proton, sodium or other ion or solute gradient to drive uptake or export of substrates. Secondary
transporters can catalyze uniport [a single species is transported by facilitated diffusion), antiport (tbwio or more species are transported in opposite directions) andfor symport
{bwio or more species are transported together in the same direction)

Parent Classes:
Transport-Reactions

Instances:

2 +
B extracellular space + Cyanate extracellular = e ytosol] L anate cytosol]-

| +
+ HE
Ha* C wsu\—H extracellularspace xdracellular s ace—H cytosol]-

+ g dr extracellular spacel-

+ N
cytusu\—
leytosol Z. mobilis Reaction: Transport of gluconate

=H*

ing extracellular space urac”[gy_‘

3lextaclular spacet HCOsow | CrossSpacies Comparison__ |
. _

— [extracellular space nucleoside extracellular space =
Lalanine,  ocont L exiracellular space w[g Superclasses Transporn-Reactions -> Secondary Transporters

H* Extracellular space]-—- lucanate exdracellular spacel—— =H cytosal
3+
H extracellularspace +FeH, extracellulars ace =H cytosol +E

H+/gluconate sympoarter © gntP

Z. mobilis Re gluconate  HT

Comment

ATP-driven transporters use the hydrolysis of ATP to provide e
: i : extracellular space

Parent Classes:
Transport-Reactions cytosol

Instances:
HQM exfracellular space =phosphate + ADP + Fe [_y_ i
H24D—LO + ATP + phOSPRE . 1 2 elylar Space -=pfosphate [cytosol]- gluconate H

HqO + ATP + profoheme, ... =bhosphate + ADP + protohel

Hp0 + ATP + NOT toacolllar space-=0hoSDIALE + ADP + N0 Gene-Reaction Schematic: Bl
HQMB extracellular space =phosphate + ADP + HC

HZO + ATP + MUl dridy, e ollyfar space=000500Ate + ADP +
Hgm extracellular space =phosphate + ADP + F




Fungal sugar transporters
¢ 4

YGL104c Sce
MAL31 Sce
YJR160C Sce
YDL247w Sce
NCU08858.1
NCU08522.1
NCU07169.1
YFLO40w Sce
YBR241c Sce

HXT3 Sce

NCU06846.1
&« uhe

YDR387c Sce

NCU09287.1
NCU01494.1
SNF3 Sce

RGT2 Sce
NCU06358.1
NCUO04537.1
NCU04863.1
NCU02582.1

E
HXT14 Sce
NCU05627.1
& g

Spo GHT3
Spo GHT6
Spo GHT2
Spo GHT1

SPCC548.06C
Spo GHTS
NCU01633.1
HXT2 Sce
HXT13 Sce
GAL2 Sce
HXT8 Sce

HXT12a Sce
S
HXT11 Sce
HXT1 Sce
e | HXT4 Sce
HXT6 Sce

HXT7 Sce
AGT1 Sce

,_.HXT16 Sce
HXT15 Sce
.: HXT17 Sce
STL1 Sce

NCU05597.1
NCU06384.1

NCU09358.1

NCU01132.1

ITR1 Sce

NCU00821.1
NCU06138.1
NCU05585.1

NCU06026.1
NCU00988.1

NCU05350.1
YDL199¢ Sce
HXT10 Sce

NCU08152.1
NCUQ1813.1
NCU08114.1
NCUO07199.1
NCU05853.1
NCU00809.1
NCU00801.1

® N. crassa @® S. cerevisiae ® S. pombe

& TIGH
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Animal/human pathogens

Mycoplasma pneumoniae

Chlamydia trachomatis
Mycobacterium tuberculosis
Rickettsia prowazekii
Treponema pallidum

Haemophilus influenzae Kw2(

Mycoplasma genitalium G037

Escherichia coli K12

Borrelia burgdorferi
| Helicobacter pylori

Chlamydophila pneumoniae
Helicobacter pylori J99

Campylobacter jejuni
Chlamydia pneumoniae
Chlamydia trachomatis
Chlamydophila pneumoniae
Neisseria meningitidis MC58
Neisseria meningitidis Z2491
Pseudomonas aeruginosa
Ureaplasma urealyticum
Vibrio cholerae

Escherichia coli 0157:H7 EDL933
Escherichia coli 0157:H7 Sakai
Listeria innocua Clip 11262
Listeria monocytogenes EGD-e
Mycobacterium leprae
Mycobacterium tuberculosis CDC
Mycoplasma pulmonis
Pasteurella multocida

Rickettsia conorii Malish 7
'Salmonella typhi

Salmonella typhimurium LT2
Staphylococcus aureus Mu50
Staphylococcus aureus N315
Streptococcus pneumoniae R6
Streptococcus pneumoniae TIGR4
Streptococcus pyogenes SF370
Yersinia pestis CO-92

Brucella melitensis

Brucella melitensis suis

Buchnera aphidicola

(Chlorobium tepidum

Clostridium perfrigens

Escherichia coli UPEC
Fusobacterium nucleatum
Mycoplasma penetrans

Shigella flexneri

Staphylococcus aureus
Streptococcus agalactiae 2603V/R
Streptococcus agalactiae NEM316
|Streptococcus mutans UA159
Streptococcus pyogenes MGAS315
Streptococcus pyogenes MGAS8232
Streptomyces coelicolor A3(2)
Vibrio vulnificus

Yersinia pestis KIM5

Bacillus anthracis Ames
Bacillus cereus 14579
Bacteroides thetaiotaomicron
Bordetella bronchiseptica
Bordetella parapertussis
Bordetella pertussis Tohama |
Chlamydophila caviae
(Chlamydophila pneumoniae
Clostridium tetani 88
Corynebacterium diphtheriae gravis
Coxiella burnetii

Enterococcus faecalis
Haemophilus ducreyi
Helicobacter hepaticus
Leptospira interrogans serovar lai
Mycobacterium bovis
Mycoplasma gallisepticum R
Porphyromonas gingivalis
Rickettsia siberica

Salmonella enterica Typhi Ty2
Shigella flexneri 2a
Staphylococcus epidermidis

|Streptococcus pyogenes

Streptomyces avermitilis
[Tropheryma whipplei TW08/27
[Tropheryma whipplei Twist
Vibrio parahaemolyticus
Vibrio vulnificus

Bacillus anthracis Ames 0581
Bacillus anthracis Ames Sterne
Bacillus cereus ZK

Bacillus thuringiensis 97-27
Bacteroides fragilis

Bartonella henselae Houston 1
Bartonella quintana Toulouse
Borrelia garinii PBi

Burkholderia mallei ATCC 23344
Burkholderia pseudomallei K96243
Legionella pneumophila Lens
Legionella pneumophila Paris
Legionella pneumophila Philadelphia-1
Leptospira interrogans L1-130
Mesaoplasma florum L1
Mycobacterium avium K-10
Mpycoplasma hyopneumoniae 232
Mycoplasma mycoides SC PG1T
Nocardia farcinica IFM 10152
Probionobacterium acnes
Rickettsia akari Hartford

Rickettsia typhi Wilmington
Staphylococcus aureus MRSA252
Staphylococcus aureus MSSA476
Streptococcus pyogenes M6
Streptococcus thermophilus 1066
Streptococcus thermophilus 18311
Treponema denticola ATTC35405
Yersinia pestis Mediaevalis 91001
Yersinia pseudotuberculosis IP32953

1995 199%

1997 1998

1999

2004

Archaeo
Methang
Bacillus

hlobus fulgidus
pacterium thermoautotrophicum
ubtilis 168

Aeropyrum pernix
Deinococcus radiodurans
Thermotoga maritima

Methanococc!

Synechocystis sp. PCC6803

us jannaschii | |

Pyrococcus horikoshii
Aquifex aeolicus

Archaea

Other B

(612

acteria

Halobacterium sp. NRC-1
Thermoplasma acidophilum
Thermoplasma volcanium
Bacillus halodurans
Buchnera aphidicola
Mesorhizobium loti

Xylella fastidiosa

NEEINSTHONE ECR GENONICRESEARCH

Agrobacterium tumefaciens C58-C
Agrobacterium tumefaciens C58-D
Caulobacter crescentus CB15
Clostridium acetobutylicum
Corynebacterium glutamicum
Lactococcus lactis

Nostoc sp. PCC7120
Sinorhizobium melilotu

Sulfolobus solfataricus

Sulfolobus tokodaii

Glossina brevipalpis
Methanopyrus kandleri
Methanosarcina acetivorans
Methanosarcina mazei
Pyrobaculum aerophilum
Pyrococcus abysii

Pyrococcus furiosus
Bifidobacterium longum
Bradyrhizobium japonicum
Oceanobacillus iheyensis
Pseudomonas putida

Ralstonia solanacearum
Shewanella oneidensis
Thermoanaerobacter tencongensis
Thermosynechococcus elongatus
Xanthomonas axonopodis
Xanthomonas campestris

Buchnera aphidicola BP
Candidatus Blochmannia floridanus
Chromobacterium violaceum
Corynebacterium efficiens
Corynebacterium glutamicum
Geobacter sulfurreducens
Gloeobacter violaceus
Lactobacillus plantarum
Nanarchaeum equitans
Nitrosomonas europaea

Onion yellows phytoplasma
Photorhabdus luminescens
Pirellula sp. 1

Prochlorococcus marinus pastoris
Prochlorococcus marinus CCMP
Prochlorococcus marinus MIT
Pseudomonas syringae pv. Tomato
Rhodopseudomonas palustris
Xylella fastidiosa temecula
Wolinella succinogenes

Synechococcus sp. WH8102

Acinetobacter calcoaceticus ADP1
Bacillus cereus ATCC 10987
Bacillus licheniformis ATCC 14580
Bacillus licheniformis DSM13
Bdellovibrio bacteriovorus HD100
Desulfotalea psychrophila LSv54
Desulfovibrio vulgaris

Erwinia carotovora SCRI1043
Haloarcula marismortui ATCC 43049
Lactobacillus johnsonii NCC533
Leifsonia xyli subsp. xyli CTCBO7
Mannheimia succiniciproducens
Methanococcus maripaludis S2
Methylococcus capsulatus Bath
Parachlamydia UWE25
Photobacterium profundum SS9
Picrophilus torridus DSM 9790
Symbiobacterium thermophilum
Thermus thermophilus HB27
Thermus thermophilus HB8

Wolbachia sp Drosophila melanogaster|
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Genome Sequencing projects

@ Brucella suis- human/animal pathogen- 3.3 Mb

@ Enterococcus faecalis- human pathogen- 3.0 Mb

@ Treponema denticola- dental pathogen- 3.0 Mb

@ Pseudomonas fluorescens- biological control- 6.5 Mb
& Clostridium perfringens- gas gangrene- 3.3 Mb

& Clostridium perfringens- food poisoning- 3.0 Mb

@ Synechococcus sp- coastal isolate- 2.6 Mb

& Toxoplasma gondii- 3 strains- toxoplasmosis- 63 Mb

4 Brucella ovis- animal pathogen- 3.3 Mb

@ Dichelobacter nodosus- sheep footrot- 1.6 Mb

€ Pseudomonas aeruginosa- opportunistic pathogen- 6.7 Mb

Paulsen et al. PNAS (2002)

Paulsen et al. Science (2003)

Seshadri et al. PNAS (2004)

Paulsen et al. Nature Biotech (2005)
Myers et al. Genome Research (in press)
Myers et al. Genome Research (in press)
Palenik et al. PNAS (in press)

Paulsen et al. Science (in prep)
CLOSED and ANNOTATED

CLOSED and ANNOTATED

CLOSURE
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Brucella suis

[

LI o=
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m Brucella spp- causative agents of brucellosis, a zoonotic disease
of humans and animals

m Infective via inhalation, contact with diseased animals or
consumption of contaminated foods

m Potential biowarfare agent- B. suis - first agent weaponized by the
US military

m Brucella melitensis, B. suis, and B. abortus are the species most
frequently associated with pathogenicity in humans

m Intracellular pathogen that invades macrophages

—-VFIGE
]} 2 INSTITUTE FOR GENOMIC RESEARCH
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Chromosome- role category breakdown

---
B Small | gy
Dge II

9\6
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Brucella suis- best hits to rhizobial replicons

@ Chr
W Chr |l

A. tumefaciens S. meliloti M. loti

(6
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Generation of suisCyc

File ion  Protein RNA&

Brucella HDmE!

Brucella suis

R =
ks H n 1.0
Replicon Total Genes Protein Genes RNA Genes Pseudogenes Size (bp)
Chromosome 1 P 2123 0 :
Chromosome 2 F i 1] 7.
Total: : 0 3,315,17¢
¥

o o eeeeee—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— .

|G R
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Brucella suis Carbon and Nitrogen Sources

Erythritol
Formate
Fructose
Galactonate
Galactose

Glycolate
Maltose/Trehalose
Malate
Mannose
Mannitol
Ribitol
Ribose
Sorbose
Xylose
Xylulose
Acetoin

=)\ L
:)E.I/_\LJ—),C]_J

Alanine

Arginine

Asparagine
Aspartate

Glutamate

Glycine

Histidine
Isoleucine/Leucine/Valine
Proline

Serine

Threonine

Sarcosine
N-acetyl-glucosamine
D-glucoseamine
Choline

Ornithine

Putrescine
Spermidine

I Chrli
B chri
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“Unexpected metabolism”
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m Protocatechuate pathway 0
m Beta-ketoadipate pathway =

m Hydroxybenzoate and
benzoate metabolism

FFL LLLL LD
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Brucella suis- transport
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m Emphasis on ABC —type transporters (~90 systems)

sugar transporters (16)
amino acid transporters (22) [

peptide transporters (11)
iron chelate uptake (5)

amino acid peptide

FFL LLLL LD
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Gene conservation with other a-proteobacteria
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2166/6752

2151/3341 2140/5299
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Dichelobacter nodosus: sheep footrot genome
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m Causative agent of footrot in ruminants, especially sheep -

m Severe economic losses to the wool and meat industries

€ lameness, loss of body condition and poor wool growth

m Gram-negative anaerobe- small genome (1.38 Mb)

m Type IV fimbriae and extracellular proteases- key virulence
determinants
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Construction of nodoCyc

4 Pathway Tools version 10.0

I ROAQOSUS
ion 1.0

Replicon Total Genes  Protein Genes RNA Genes Pseudogenes Size (bp)

Chromosome
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Unexpected pathways present in D. nodosus
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m Sugar utilization

@ glycolysis, pentose phosphate pathway, fructose PTS, glycerol transporter and kinase
m Electron transport

€4 NADH ubiquinone oxidoreductase, ubiquinone biosynthesis, fumarate reductase
m Aerobic metabolism/oxidative stress resistance

€ superoxide dismutase (Mn), alkyl hydroperoxide reductase,
methionine sulfoxide reductase
@ class | (aerobic) ribonucleotide reductase, cytochrome (quinone) oxidase, bd type.

(aerobic) ubiquinone biosynthesis
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Dichelobacter nodosus

Ehrlichia ruminantium --g@

Mycoplasma genitalium

® Free-living

O Host-associated

® Obligate symbionts/parasites
B Pelagibacter ubique

Streptomyces coelicolor

®9
o &

&  Rhodopirellula
o baltica

Silicibacter pomeroyi
““ o
*, Coxiella burnetii &
Barroneﬂa’hensefae_ e ® Synechococcus sp.WH8102
Thermoplasma acidophf'[um_. @0 g
Bartonella quintana . %, *

.
* .
) ‘
*
ey
@

. "~
@ oy ® ' Pelagibacter ubique
® L4 Rickettsia conorii
g
@

of -
. Mesoplasma florum
o’ Wigglesworthia glossinidia

‘Prochlorococcus marinus MIT9313

= -.._:_'"‘Proch.-‘orococcus marinus SS120
“Prochlorococcus marinus MED4

Nanoarchaeum equitans

Giovannoni et al., Science 309:1242.
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Pathway conservation in small genome bacteria

Cross-Species Comparison: cobalamin biosynthesis |
Mote: In addition to reflecting differences in hiology among different arganisms, these statistics and data will also reflect differences in the level of curation and data availahility and completeness among different organisms

This table compares a single pathway across the requested organisms. The Evidence Glyph is a cartoon of the pathway diagrarm showing which steps have identified enzymes, which are pathway holes, and which
steps are unigue to this pathway (a color key is included at the battom of this page). For each reaction step, we list the identified enzymes and genes. A pathway may not be present in an arganism even if enzymes
have been identified for one or more of its reactions, and we indicate if this is the case. Finally, we include diagrams showing all the operons that contain the genes for this pathway. Genes that are actually invalved in
the pathway are colared dark purple, whereas other genes in the same operan which are not involved in the pathway are shaded a lighter color. Clicking on an organism name will take you to the display page for the
pathway in that organism.

Organism Evidence Glyph |Enzymes and Genes for cobalamin biosynthesis | Operons

B. henselae Houston-1 Mane

Maone
Mone

Micotinate-nucleotide—dimethylbenzimidazole phosphoribosyltransferase : cobT1

Phosphoglycerate mutase £ alpha-ribazole-5-P phosphatase f phosphoglycerate
mutase 1 : ggmA
Maone

Mone

B. quintana Toulouse This pathway is not marked as present in this organism.

Mo Enzymes or Genes have been identified for this pathway

B. burgdorferi 831 This pathway is not marked as present in this organism.

Mo Enzymes or Genes have been identified for this pathway

B. garinii PEi This pathway is not marked as present in this organism.

Mo Enzymes or Genes have been identified for this pathway

E. aphidicola (Baizongia pistaciag) This pathway is not marked as present in this organism.

Mo Enzymes or Genes have been identified for this pathway

This pathway is not marked as present in this organism.
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Pathway conservation in small genome bacteria
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Biosynthesis

fatty acid
heme
ubiquinone
NAD
glutathione
pantothenate
riboflavin
folate
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Coastal and open ocean Synechococcus sp.
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Unicellular cyanobacteria constitute 20-40% of marine chlorophyll
biomass and carbon fixation

Synechococcus found both in oligotrophic ocean and in coastal
waters

Utilizing a genomic approach to investigate adaptations between
coastal and open ocean Synechococcus isolates

Coastal environments differ from oligotrophic ocean

e Higher nutrient concentrations
e More dynamic
e Light attenuation from debris
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WHB8102 Microarray expression analysis
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m Utilizing a complete genome array of WH8102 to investigate

m how cyanobacteria perceive and respond to different conditions in the marine environment

m Develop an overall model of the regulatory and metabolic networks of WH8102
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Whole genome microarray studies of Synechococcus
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= Major Nutrients
= Nitrogen- Ammonia, Urea, Nitrate
= Phosphorus

= Trace Nutrients

" Nickel, Iron
= Co-cultivation with other marine bacteria
= Effects of Shock

= Osmoregulation- Salt Shock
= Toxic Compounds- Ethidium, Mitomycin C

= Mutants

= Regulatory mutants- two component systems
= Other mutants
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Construction of CyanoCyc

File oOverview Pathway Reaction Protein ERNA Gene Compound Chromosome Tools Help

Synechococcus sp

Synechococcus sp
Strain: WHE102 wersion 1.0

Sumnmarize Pathway Ewdencel

Authors:
faron Johnson, TIGE

Replicon Total Genes Protein Genes RNA Genes  Pseudogenes  Size (bp)

Chromosome 2881 2526 53 g 2,434,428

Pathways:
Enzymatic Feactions:
Transport Reactions:

Polypeptides:
Protein Complexes:
Enzymes:
Transporters:

Compounds:

Transcription Units:
tRNAs:
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Phosphate regulation in Synechococcus

-3.0 1l 3.0

Low phosphate Low phosphate Phosphate sensor kinase/
late log phase Early log phase response regulator mutants

SYTWL 333 0 e0 284S conaseved Typorhetical

STUNDLES o223/ ooneerrsd hypothetical

STHWD1SE for A28 /pucative alkalins phosphatcase
STIWIALG o e0045 /poeaaklle TEanscEipTional Esgulator
STINDTES foclolé s ooneeryred hypothetical

STHWZ3ISL for250l /pucative alikalinse phosphatases

STYIWLIA1E /00044 AR T anapoEer aubactate hlndingpeotein phospharcs
SYTNZ 39002503/ putative alkalins phosphatase/S 'nucleobidans
STHWZIZZ4for2ELZ /poasibles porcin
STRW0156, 02324 /phosphorylass

STAWLTZ6 0edE04/ conieEved WpotheCical protain

STHWZH07T foclO020 AA0C cransporctesr substrats bindingproteiln phosphate

STHW01E60/0E1220/ conaetied hypothecical protein

STEW0ELE o lSAZ/DHA-dicscted FHA polymscaxes hets chain

STHWATSS focleTq/glycecaldehyde-I-phosphate dehydrogenases

STHWL LS oE0LZE/E-plicaphoglusonane delploogenans

STHWLHZT foc0dbd/conrercirasd] hypothetical proteln

STHW15ZE /o455 /poasible cochromes o oxidase subuwnit IT

STHWLITS oclSid/putacive sphats ABLC transporter ATFbinding subvmit
STHWO300focleTs  mulcidrug «£fflvww cransporter MNFS Camily

STHWLISSEIEL I/ possible poEin

STHNWLZTO o222 /putacly: phosphacs ALRD CrLansporter

SYAWLITL /oedZZ3/putacive phoaphace AEC CEAMAROTTEE

STRWLIAE oc0238/ABC transpoct=r subztrat= binding proteincompon=nt pozsibly phosphats
STHWZA4lS5/orZ4el/Aypotistical

STHW1ALSel0E3/ABC cpanspocrer aubstiare bindinmpestein phoaphate
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Functional Genomics of Microbial
Membrane Transporters
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Bioinformatics-> predicted/putative functions of many
many genes- how accurate?

Detailed characterization of interesting/novel transporters

Large scale analysis of P.aeruginosa transporter gene
mutants
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P. aeruginosa transposon mutants
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Total % Total

Number of predicted PAO1 Genes 5570
Tn5 Insertions hitting PAOL sequence 10149
Hits in predicted coding regions 9199
Intergenic Tn5 Hits? 950
Unique Tn5 insertions 9870
Total genes hit by at least one Tn5 3581

Total genes not yet hit by Tn5 1989
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Transporter Mutant Collection

f=3 Contig] Version 102299
s Help
Infa:
Version: Oct-22-99

384 mutants in different [

——
115 ce——— ——— ———

transpo rter genes 11840 11841 11842 —— —

11843 11844

85% transporter genes- . .

* * * & * & * 4 &+

n O n -esse n t i al ? 5734kb 5739kh 3736kb 3737kb 3738kb 3739kb 3740kb 5741kh 5742kh 3743kb

o7 9096:6398 3097: 4688 3098: 6393 5099: 6388 3100: 60029

5093:4713

hi402 - bd402
hi0576 - pheP

h3it99 - proM

I
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Method |: BIOLOG MicroPlates

m BIOLOG MicroPlates test the ability of a microorganism
to utilize or oxidize a preselected panel of different
carbon sources.
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argining™ grnithine™

sesec  oeo00R6
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086E06: predicted proline/sodium symporter
PM1-10 plates
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Global comparison of phenotype microarray data

+ QraHm = 00004
Plates 1-8 mean centered, 48 hr; Plates 9-10 24 hr 012E09 016001

- 0Z1EM + 0ZIBOT

- 02BCN = D24A04

= 02BC0Z O2EEDZ

Plot Area 0zacoz 023G

0E3EF07 034E03

037F02 a41007

= 041H03 a44F 11

04710 n47C02

04TEID - DE0E04

- 0S1E1Z © O5IF03

- 0B2GE04 - DEzAM

= OB4E0E O86EDZ

= O57THM 058B05

- 0BHCm - DEaHO0S

OEZENZ - DEEEDA

= 0EsF1 OE3HO03

Area difference

O70A0d orzon

Os4E0 - DZEEDE

- oEsim + 033002

- D9TEDZ = W7ANZ

= 108002 03G02

- MEL2 a0z

- NBAD4 17EDS

1s0om - 127HOE

128E09 22BN
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« 13FE0S 135B02
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Confirmation of Biolog-based data
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76 mutants tested on Biolog- putative amino acid/sugar transporters
Growth on minimal media agar plates
Complementation studies with cloned genes
RT-PCR studies of gene expression
Membrane transport assays

=» 27/76 mutants confirmed phenotypes
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QRT-PCR analysis of P. aeruginosa transport gene expression

Inducing
Compound

Hydroxy

60

501 |

Rati O | _

30

20l Glutamic
Acid Fructose N-Acetyl

ucosamine
Isoleucine Histidine

PA0220 PAO0783 PA1260 PA1340 PA3560 PA3760 PA1074 PAS5504
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Transport genes identified by Phenotype Arrays

m 041HO09 — amino acid?
€ Histamine
086E06 — proline/sodium
€ L-Proline
062B02, 203A09, 109G08, and 041D07 — arginine/ornithine

EFLLLLL FN
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€ L-Arginine and L-Ornithine
111E12,188H02, 138B02 — amino acid
€ Hydroxy-L-Proline
137E08 - probable ABC transporter
€ L-Aspartic Acid
128B09 — branched chain amino acid
€ L-Alanine and D-Alanine
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Mapping functional transporter data onto PseudoCyc
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Novel pathway for histamine utilization?
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27 novel transporter genes- 16 substrates

All of these substrates except for one mapped onto predicted pathways in
PseudoCyc

One exception- histamine

transcriptional aldehyde Histamine

regulator dehydrogenase transporter aminotransferase hypothetical
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Conclusions

Incorporation and curation of membrane transporters in EcoCyc
Enabling prediction of transport reactions using Pathway Tools

Using Pathway Tools to assist in analysis of completed genomes

€ examples- Brucella suis, Dichelobacter nodosus

Using Pathway Tools to assist in functional genomics analyses

€ Biolog analysis of transporter gene knockouts in Pseudomonas aeruginosa

€ Microarray expression analysis of Synechococcus WH8102
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Current metabolic reconstruction approaches
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Genome annotation- Manatee

— T

Metabolism Transport

m Pathway Tools

m TransportDB
m Genome Properties
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