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Shewanella oneidensis and its many talents

Widespread soil and marine bacterium,
Gram negative, rod-shaped, 2-3u, motile,
non-spore-former

Close relatives are V. cholerae, E. coli
(gamma-proteobacteria)

65 years of ecological, morphological and
biochemical studies

- (Re-)Named after JM Shewan, a Scottish
microbiologist who observed fish spoilage

- Isolated from Oneida Lake, NY; Black Sea;
Southern Ocean; Great Lakes, ...

Genome sequenced in 2002

Can grow on metals, respire with or
without oxygen

Candidate for bioremediation efforts

S. oneidensis growing on hematte
(image courtesy PNNL)

S. oneidensis growing on crystals of magnette (mage:
courtesy K H. Nealson)
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“...use of microorganisms, plants, or their enzymes to i electron donor (energy source) carbon source S. oneidensis can use
detoxify pollutants in water and soil.” (Skipper & Turco, 1995) L light, chemical (orgWgamc « nitrate.
US produces 300m metric tons of hazardous waste / year i « nitite
— 1.3 metric tons per capita « fumarate
—  Food, textile, lumber, petroleum, chemical, transportation 3 metabolic  timethylamine N -
industries & intermediates oxide
~ 10,000 Ibs of carcinogens released to US lands '3 o C1 compounds, H2 dimethy sulfoxid
~ 1500 EPA superfund sites v fatt succinate imethyl sulfoxide
- . oho « insoluble oxides of
US DoE is sitting on much of that « lactate, alcohols

- 1.7illion gallons of contaminated groundwater

~ 40 million cubic meters of contaminated soil

- 50-60% of DoE facilities have groundwater & soil contaminated
with metals or radionuclides

Spend >$1m / year on cleaning it up
Strategies

Stimulation: enhance activities of indigenous microbes by adding
nutrients, changing pH, o removing other limiting conditions
Inoculation: introduce specific microbes into polluted sites US Supertundskesin Calfomis,

Washington, and New J

Enzyme Treatment: application of immobilized enzymes for counesy USEPA epagen

specific pollutants

dersey (images

acetap

Fe(lll), Mn(IV), U(VI),
terminal electron e
acceptor (oxidized)

02, organic compounds, ,energy
NO3-, Mn(1V), Fe(lll), storage
S04-, U(VI), Cr(VI)
ATP, NADH
-
v
€O, . onidenss resping oyt of

C(Vi) (Dauiton etal. 2001)
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Bacterial regulation of anaerobiosis Research Questions
» Oxygen sensing in E. coli done by fnr (marate & girate eaucion) What does crp regulate, and how?
+ glycerol and formate dehydrogenases ! ’
+ nitrate, fumarate and dimethylsulfoxide (DMSO) reductases How is it regu|ated?
+ proteins for transport of carbon sources or electron acceptors
- enzyfnss required for aerobic respiration, such asN.ADH dehydrag%nase 1l ) What Other netWOI’kS iS |t CrOSS-linked to?
« Functional homolog of fnr found in S. oneidensis: .
etrA (Saffarini & Nealson, 1993) How has it evolved?
What are the dynamics and time-frames of
» Regulatory mechanisms of anaerobic respiration in reactions?
Shewanella not fully understood
« crp mutants somewhat defective in anaerobic
respiration (Saffarini et.al. 2003)
— could not respire Fe, Mn, nitrate, fumarate, DMSO
— but could respire nitrite, TMAO
« Interesting link between anaerobic respiration and
carbon source selection? Or pleiotropy of crp?
5 6




Approaches

Culture in chemostat under various
growth conditions

Perform continuous biochemical assays
to measure levels of key metabolites
Electron microscopy

Mutagenesis

Expression profiling of mutant vs. wt
— rtPCR
— microarrays

proteome analysis

Comparative genomics

s
el

Experimental Procedure

Comparison of genome-wide mRNA
expression levels between wt andcrp
mutant

Grown in continuous culture chemostat,
~700 hours, under oxygen-limiting
conditions, constant pH and temperature,

wnh different e-acceptors:
Fe(llly
—~  Fumarate

— Nitrate

Dimethyl sulfoxide (DMSO)
Total RNA extracted from 10mL samples,
purified, fluorescently labeled, hybridized to
cDNA genomic microarrays (ORNL) in
triplicate
Microarray images scanned, spots
identified, data extracted, normalized Wlthln
slides (global constant) and between
replicates (geometric mean)
Significance assessed by deviation of t-
statistic of log expression ratio from normal

distribution .
7 . 8
z s0 membrane orotein. nuhe: Cellenvelone
SO [cAMP. ] cyclic nucleotide binding protein , putative Unknown function
so nrfJelated protein (only similar at N4erminug Unknown function
s0 alcA__ alcalion biosvnthesis enzvme AlGA Transoort and bindina oroteins
so sensor histdine kinase Signal ransduction
. so falcB]  alcaligin biosynthesis protein AICE putative Transport and binding proteins
s0 hugA__ heme transoort orotein Transoort and bindina oroteins
so universal stress protein famiy Celluar processes
S0 ipoprotein , putative Cell envelope
SO |1SSod -1 1SSoc . wansnosase Other cateaaries
cofaciors, prosinel ad
- - so menG  methyltransferase carriers
Ele) InrfA. cytochrome ¢ nitrite reductase (_hemes ) Energy metabolism
5 SO ‘sensor histidine kinase Signal transduction
Ele) IfimU__type IV pilus biogenesis protein, putative Cell envelope
| so - oxoacvt (acvl-carier -protein ) svnthase Il _putative Fatty acid and phosoholioid metabolism
i SO SM-__domain_protein Unknown function
so ‘ransporer , puatve Transport and binding proteins
site-specific recombinase phage integrase family
SO (interupted by ISSod DNA metabolism
£ conserved hypothetical protein Conserved hypothetical
so ParB famil orotein Cellular processes
so cspD [cold shock uomam family protein Cellular processes
9 10
so om__bosomal protein L Broei symiess
56 emylransirase domanprotein Dnlenown funcion
Bosymhesi o cofactors,prosheic
so omate dehycrogenasa eyochvome B subunit Energy metbolEn so L i monoptcgr e broui
SO #A aqelar requiston proein A (C famy Requistor fnctons Celulr processes so Tond dom: Unknoun functon
SO dip L deatoyaie Binang petpasme prosh Fianapon s b s cymmmmmy o Temes,
S0 G paG protein nknown function so Eneray metabolism
SO acetyltransferase, GNAT family Jhkm.\w function £ “ﬂ"%"wmna\ reuu\a‘oh LysR family Regulatory funciions
S6 L3 Tporter rt and binding S0 utative [Transport and bmdw‘ proteins
sc Eanseives domain e nsenser voothetal, o T tching Moty proiPIT ol process
SO | pmiA pobysulide recuciase subini A Energy metaboism o o0 cumein e (PAS drmin]—idkooe famcton
5o e protin Snkoroim funcion o on suli chsier g prtein Rergy metabolsr
sc aued_5 demethylubiquinone lBiosynthesis of cofz
e - so WG melhyiransierase broups, and ca
50 | tadr Jany acismetaboismreguiator proten e oS
sc a8 famiv e Unioonn fution so ap Transport and binding protens
50— Unoainge Moo, Frgen, e e o so membrane prtei, paive Eollenvelope
o i i proten Celiar processes
SO ISHA il e WahB (minor pin] Eetiar
SO 9D oy camer proten prosphodesterase Py 36 an phosphaid bl rodenum RBC arepors - perpiesse
sc 518 NADIP) ranshaiooense b suunt. Enerov metaboism. 50 mohbdenum i protein [fenspor and bindg proteins
So [ ama iphaguco Freis: neaotn
S0 ron-suffur :\uslm ‘Binding protein Energy metabolism SO Jaso, hypothetical protein _Hypothetical
sc Etiolase. abhabin o i okooen furion S0 a0 BBRgucoss seiogerase Cel emelope
ag kg, ahs o dugio o 8 iogen regulaon poten (PAS) Sl ransdcion
o so HYD fami secretion proten Transport and binding protens
sC sensory box protein_(PAS domain). Reoulatory functions. £ Fatty acid and pf
£ Flucose-aioed chsionproten A so Vi ferc vixiobacin
3 ST pohsacehane ospniness i
so response requistor
o Sonsor siine nase
so Py el Eretgy meaboisn
B tanyt D ks carboxypepiiass
so reated protein ancenter) Uninown funcion
SO ssad~al 5500 - varspos o Caegones
so kG caaseiperodase HPL el processes
11 12




crp Mutant Gene Expression
for all e-acceptors

Genomic Analysis

* >90% identity
» 2 paralogs ofcrp in S. oneidensis
« etrA regulates anaerobiosis; other unknown function

14

Ongoing Work

« Promoter analysis of genes in crp
regulon

 Evolutionary analysis
* Better microarrays

« Validation of microarrays with
metabolite assays, site-specific
mutagenesis of crp and etrA

« Proteomic analysis

Ll §
15 16
Thank you! Regulation of carbon source
selection
Jim Fredrickson i
Alex Beliaev CRF. :':l" m=r iﬁ‘hvu-
Yuri Gorby [ iz Lawtane | -
Grigoriy Pinchuk P! 'rb I
Dwayne Elias, Eric Hill - Lo
EFsi Fremoter e
Members of Arkin lab
Prof Richard Karp High Lacion
. . . it
DoE Computational Science Grad Fellowship 5 o F

18




