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Analysis of wild-type Desulfovibrio vulgaris Hildenborough 
under a variety of stress conditions suggests a role for the ferric 
uptake regulator (FUR) in the general stress response by this 
organism.  A mutant D. vulgaris strain lacking the fur gene has 
previously been constructed and analyzed using physiological 
and molecular biology techniques.  The mutant strain, 
designated JW707, was analyzed under iron-replete and iron-
depeleted conditions using whole-genome microarray 
techniques to complement the previous analyses.  JW707 
cultures grown to mid-log phase with 60 μM Fe showed 
upregulation of 51 genes (z ≥ 2).  These genes included a ferrous 
iron transport operon (feoAB), a TonB-dependent ABC transport 
operon (including tolQR), a putative pepsidase/ABC transporter 
operon and an uncharacterized hypothetical protein-encoding 
gene (DVU2681) also shown to be induced under heat shock and 
nitrite stress conditions.  These results are consistent with 
previously conducted Northern analyses and computational 
predictions of the D. vulgaris FUR regulon.  Similar results were 
observed for cells grown under iron-depleted conditions (5 μM
Fe).  In addition, elements of the Trp and Met biosynthetic 
operons and the Zur-dependent zinc transport operon were 
upregulated and elements of the flagellar apparatus were down-
regulated in the mutant.  Also analyzed was a Dvu strain lacking 
the gene encoding the FUR paralog PerR, a transcriptional 
regulator of the oxidative stress response.

Cell culture and treatment: wt and JW707 fur- D. vulgaris cells 
were grown at the LS medium with 60 μM or 5 μM iron.  wt and 
JW708 perR- D. vulgaris cells were grown on standard LS 
medium.  Cells from each culture were harvested at midlog and 
early stationary pahse.
D. vulgaris oligonucleotide array: 70mer oligonucleotide arrays 
that containing all ORFs were constructed as described (He et 
al., in press).
Target preparation, labeling and array hybridization: Total 
cellular RNA was isolated and purified using TRIzolTM Reagent, 
and then labeled with Cy5 dye. Genomic DNA was isolated and 
purified from D. vulgaris as described previously (Zhou et al., 
1996), and then labeled with Cy3 dye. The labeled RNA and 
genomic DNA were co-hybridized to the array at 45oC with 50% 
formamide for 16 hrs in the dark. Image and data analysis were 
the same as described previously (Chhabra et al., 2006; 
Mukhopadhyay et al., in press). 

Exponential Stationary
VIMSS # Locus Tag Description logR > 2 z > 2 logR > 2 z > 2

206189 DVU0763 gdp GGDEF Protein 3.88215 6.94525 3.29015 5.463
206246 DVU0819 isf-1 NADPH-Dependent FMN Reductase - - 2.25961 3.64904
206374 DVU0942 fur Ferric Iron Uptake Regulator -3.28248 -5.66548 - -
206429 DVU0997 metF 5,10-Methylenetetrahydrofolate Reductase - - -3.16724 -4.27057
206576 DVU1140 Transposase - - 2.06239 2.53319
206680 DVU1241 Hypothetical Protein - - 2.06007 3.29279
206699 DVU1260 Outer Membrane Protein P1 - - -2.96308 -4.09403
207134 DVU1675 Hypothetical Protein - - 2.89969 4.07636
207638 DVU2158 Hypothetical Protein 2.49942 3.62478 - -
207659 DVU2177 Hypothetical Protein - - -2.12784 -2.86855
207732 DVU2247 ahpC Alkyl Hydroperoxide Reductase C - - 2.27034 2.69139
207865 DVU2377 Hypothetical Protein 2.80964 4.92516 - -
207866 DVU2378 FoxR Transcriptional Regulator 3.31475 5.47506 2.80995 4.27412
207867 DVU2379 pqqL Peptidase 2.46625 4.1617 - -
207868 DVU2380 atpX ABC Transporter, ATP-Binding Protein 3.77247 6.98716 3.17224 4.58746
207869 DVU2381 Conserved Hypothetical 4.42893 6.50821 3.69344 3.56001
207870 DVU2382 Conserved Domain Protein 3.39222 6.21942 2.75788 4.05718
207871 DVU2383 tonB-Dependent Receptor Domain Protein 5.22343 8.4936 3.74601 3.97991
207872 DVU2384 ABC Transporter, Periplasmic Binding-Domain Protein 2.21072 4.05932 - -
207876 DVU2388 tolQ-1 2.83195 5.35897 2.03743 2.94444
207877 DVU2389 tolR 2.1795 3.53209 - -
207879 DVU2390 tonB Domain Protein 2.26986 4.12476 - -
207934 DVU2441 hspC Hsp20-Family Heat Shock Protein - - 2.08631 2.67884
207935 DVU2442 Hsp20-Family Heat Shock Protein - - 2.86239 4.12232
207941 DVU2448 panC Pantoate--Beta-Alanine Ligase - - -2.50189 -4.48763
208053 DVU2556 Hypothetical Protein - - 2.21743 3.26338
208061 DVU2564 bioF 8-Amino-7-Oxononanoate Synthase - - 2.53068 3.7026
208068 DVU2571 feoB Ferrous Iron Transport Protein B 4.61469 8.61482 3.74081 6.27805
208069 DVU2572 feoA Ferrous Iron Transport Protein A 4.11493 6.13395 3.97321 6.49396
208070 DVU2573 Hypothetical Protein 3.10809 5.38559 4.35594 6.79097
208071 DVU2574 feoA Ferrous Iron Transport Protein A 2.36197 4.16771 4.09951 6.5531
208074 DVU2577 LuxR-Family Transcriptional Regulator - - 2.27648 3.53382
208180 DVU2681 Hypothetical Protein 5.30855 7.49726 4.95001 6.03926
208191 DVU2690 Hypothetical Protein - - 2.38104 2.30297
208215 DVU2712 Hypothetical Protein - - 2.44141 2.31083
208547 DVU3033 Iron-Sulfur Cluster-Binding Protein - - -2.11094 -3.25318
208642 DVU3124 Hypothetical Protein 2.16088 3.51494 - -
208827 DVU3300 Hypothetical Protein 2.68201 2.6085 - -
208836 DVU3310 deaD ATP-Dependent RNA Helicase, DEAD/DEAH Family - - -2.18005 -3.88876
208857 DVU3331 Hypothetical Protein 2.39649 4.01626 - -
208871 DVU3345 Hypothetical Protein - - 2.20235 3.08092
208873 DVU3346 Hypothetical Protein - - 2.03797 3.3922
208898 DVU3371 metE 5-Methyltetrahydropteroyltriglutamate-Homocysteine S-Methyltransferase - - -3.40461 -4.91513
209053 DVU0123 Membrane Protein - - 3.13472 3.79678
209079 DVU0147 Lipoprotein - - 2.35544 3.7373
209207 DVU0273 Conserved Hypothetical 4.55547 7.86633 4.32642 6.84072
209499 DVU0558 Hypothetical Protein - - -2.43819 -2.54779
209500 DVU0559 Lipoprotein - - -2.70733 -4.73955
209519 DVU0576 msrB Peptide Methionine Sulfoxide Reductase - - 2.04587 2.81463
209550 DVU0606 arsR-Family Transcriptional Regulator - - -2.08039 -2.87986
209551 DVU0607 ahcY Adenosylhomocysteinase - - -2.42419 -3.49507
209692 DVUA0030 Hypothetical Protein - - 2.39055 3.92975

Exponential Stationary
VIMSS # Locus Tag Description LogR > 2 z > 2 LogR > 2 z > 2

206070 DVU0650 Chelatase 2.08175 3.16697 - -
206291 DVU0863 Flagellar Hook-Associated Protein 2 - - -2.2849 -3.96376
206374 DVU0942 fur Ferric Iron Uptake Regulator -2.951 -4.59657 -2.65425 -4.58152
206466 DVU1032 Hypothetical Protein - - -2.66005 -4.53019
206844 DVU1401 Membrane Protein -2.10897 -2.26065 - -
206878 DVU1434 Hypothetical Protein -2.09153 -3.02318 - -
206887 DVU1443 flgE Flagellar Hook Protein - - -3.10464 -3.94305
206888 DVU1444 flgD Basal-Body Rod Modification Protein -2.27263 -2.87624 -3.15933 -4.73215
206889 DVU1445 Flagellar Hook-Length Control Domain Protein - - -2.31123 -4.39406
207612 DVU2135 Hypothetical Protein - - -2.31616 -3.98112
207866 DVU2378 FoxR Transcriptional Regulator 2.83388 5.16032 - -
207867 DVU2379 pqqL Peptidase 2.04921 3.35355 - -
207868 DVU2380 atpX ABC Transporter, ATP-Binding Protein 2.48586 4.23533 - -
207869 DVU2381 Hypothetical Protein 3.4124 5.92409 - -
207870 DVU2382 Hypothetical Protein 2.36852 3.96062 - -
207871 DVU2383 tonB-Dependent Receptor Domain Protein 3.25773 5.71031 - -
207872 DVU2384 ABC Transporter, Periplasmic Binding-Domain Protein 2.31533 3.68431 - -
207876 DVU2388 tolQ-1 2.07995 3.79633 - -
208138 DVU2639 Hypothetical Protein -2.63242 -4.10957 - -
208180 DVU2681 Hypothetical Protein 2.29694 3.68431 - -
208333 DVU2824 Formate Acetyltransferase - - 2.04703 2.37831
208395 DVU2886 AraC-Family Transcriptional Regulator -2.22214 -3.02967 - -
208547 DVU3033 Iron-Sulfur Cluster-Binding Protein -2.14346 -3.36248 - -
209027 DVU0098 potA Polyamine ABC Transporter, ATP-Binding Protein - - 2.07813 2.75409
209052 DVU0122 Hypothetical Protein - - 2.03942 3.7034
209053 DVU0123 Membrane Protein 3.33239 2.08456 3.10584 3.25639
209054 DVU0124 Hypothetical Protein 2.11463 2.10821 - -
209074 DVU0142 trpS Tryptophanyl-tRNA Synthetase - - -2.39523 -3.25937
209103 DVU0170 Methyl-Accepting Chemotaxis Protein - - -2.1039 -3.66298
209119 DVU0186 Hypothetical Protein - - 2.01781 3.39724
209238 DVU0304 Hypothetical Protein - - -2.52675 -4.54385
209241 DVU0307 Flagella Basal Body Rod Domain Protein - - -3.05636 -5.48409
209251 DVU0317 Hypothetical Protein - - -2.30418 -3.75799
209252 DVO0318 TPR Protein - - -2.89688 -5.23018
209346 DVU0410 Hypothetical Protein - - -2.44667 -3.92861
209401 DVU0465 trpE Anthranilate Synthase, Component I 2.52601 3.05182 - -
209456 DVU0518 Hypothetical Protein - - -2.97745 -4.59572
209457 DVO0519 flgK Flagellar Hook-Associated Protein - - -2.9119 -4.54774
209458 DVU0520 flgL Flagellar Hook-Associated Protein - - -2.25541 -4.29236
209501 DVU0560 Hypothetical Protein 2.60144 2.07668 2.04637 3.72003
209536 DVU0592 cheW-1 Chemotaxis Protein - - -2.27893 -3.97083

Whole-Genome Transcriptomic Analysis of the D. vulgaris fur- and perR- Strains

K-141

Predicted FUR Regulon of D. vulgaris

Observations:
• Expression of metE decreases in fur- strain in stationary phase at 5 μM iron
• Expression of metE decreases in perR- strain in stationary phase
• Stress conditions can induce Met auxotrophy in E. coli by inactivation of metE

which in turns results in accumulation of toxic levels of homocysteine
Questions:

• Is the metE phenotype caused by stress or the transition to stationary phase?
• Is this response related to Fur?

Hypotheses
• Inactivation of metE during stress conditions limits growth of D. vulgaris by 

inducing Met auxotrophy
• This effect is accompanied by the accumulation of homocysteine in the cell
• JW707 strain grown in iron replete medium supplemented with Met 

will show increased growth yields compared to standard medium
• metE- strain will show similar expression profile as stressed cells

Role of Tryptophan in D. vulgaris Stress Response
Observations:

• Expression of Trp biosynthesis genes are increased in JW707 at 5 μM iron
• Expression of Trp biosynthesis genes are increased in perR- strain 

during exponential and stationary phases
• Expression of Trp biosynthesis genes are increased in cells stressed with 

nitrate or NaCl
• Several plant and bacterial species employ secondary metabolites derived 

from Trp in the oxidative stress response
Questions:

• Is Trp biosynthesis part of the general stress response of D. vulgaris?
Hypotheses

• D. vulgaris responds to redox stress by producing secondary metabolites 
from Trp to act as antioxidants

• A Trp auxotroph will be more sensitive to oxidative stress than the wild type
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Exponential Stationary
VIMSS # Locus Tag Description LogR > 2 z > 2 LogR > 2 z > 2

206154 DVU0728 Hypothetical Protein - - -2.03203 -3.70832
206247 DVU0820 Hypothetical Protein -2.26241 -3.16413 - -
206249 DVU0822 Hypothetical Protein - - -2.04036 -3.11868
206268 DVU0841 Aspartate Aminotransferase - - -2.27849 -4.24172
206573 DVU1137 Hypothetical Protein - - 2.12388 3.37313
206575 DVU1139 Bacteriophage DNA Transposition B Protein 3.0733 4.86537 2.34076 3.79938
206577 DVU1141 Hypothetical Protein 2.07797 3.38708 - -
206578 DVU1142 Transcriptional Regulator 2.22833 3.35312 3.47134 5.40305
206579 DVU1143 Hypothetical Protein - - 2.99984 5.18568
206887 DVU1443 flgE Flagellar Hook Protein -2.336 -3.80036 - -
206888 DVU1444 flgD Basal-Body Rod Modification Protein -2.94914 -4.12664 - -
206996 DVU1548 Outer Membrane Transport Protein - - 3.07536 5.72234
207134 DVU1675 Hypothetical Protein - - 2.19072 3.84736
207317 DVU1851 Peptidase - - 2.03813 3.16338
207835 DVU2347 argD  Acetylornithine Aminotransferase - - 2.6846 3.91809
207836 DVU2348 dut Deoxyuridine 5-Triphosphate Nucleotidohydrolase - - 3.10805 5.51168
207938 DVU2445 Hypothetical Protein - - 2.06853 3.6173
207947 DVU2453 Hypothetical Protein -2.01548 -3.42417 - -
208068 DVU2571 feoB Ferrous Iron Transport Protein B -2.31265 -2.54445 - -
208069 DVU2572 feoA Ferrous Iron Transport Protein A -2.30564 -3.48767 -2.2768 -4.26938
208138 DVU2639 Hypothetical Protein - - -2.23627 -4.09964
208179 DVU2680 Flavodoxin -2.35903 -3.66629 -2.71254 -5.12649
208180 DVU2681 Hypothetical Protein -2.14516 -3.00777 -2.32336 -4.07229
208188 DVU2687 Hypothetical Protein 2.05906 3.48241 - -
208210 DVU2709 Hypothetical Protein - - -2.01447 -3.80697
208326 DVU2818 Hypothetical Protein - - -2.03802 -3.30665
208402 DVU2893 flgG Flagellar Basal-Body Rod Protein - - -2.85132 -3.86422
208501 DVU2988 Phage Shock Protein A - - -3.51927 -4.56404
208610 DVU3093 Rubredoxin-Like Protein -2.04317 -3.72121 - -
208612 DVU3095 perR Peroxide-Responsive Regulator - - -2.58242 -4.32548
208795 DVU3271 cydA Cytochrome d Ubiquinol Oxidase, Subunit I - - 2.06621 3.70502
208825 DVU3298 Hypothetical Protein - - -2.30565 -2.94784
208827 DVU3300 Hypothetical Protein - - -2.58765 -2.07306
208828 DVU3301 Hypothetical Protein - - -2.58958 -2.18878
208898 DVU3371 metE Methionine Synthase - - -2.22348 -3.44533
208912 DVU3384 zraP Zinc-Resistance Associated Protein -3.27996 -5.1052 - -
209090 DVU0158 Hypothetical Protein - - -2.09704 -3.84079
209207 DVU0273 Hypothetical Protein - - -2.05121 -3.75048
209237 DVU0303 Hypothetical Protein -2.46233 -4.59666 -2.47768 -4.28115
209238 DVU0304 Hypothetical Protein - - -2.31363 -4.09473
209241 DVU0307 Flagella Basal Body Rod Domain Protein - - -2.58678 -4.57464
209252 DVU0318 TPR Domain Protein - - -2.06808 -3.66006
209253 DVU0319 NAD-Dependent Epimerase/Hydratase - - -2.12372 -3.48623
209254 DVU0320 Hypothetical Protein - - -3.2876 -4.70621
209268 DVU0334 D-Alanine--D-Alanine Ligase - - -2.04246 -3.50246
209355 DVU0419 nspC  Carboxynorspermidine Decarboxylase - - -2.38471 -2.91192
209390 DVU0454 Hypothetical Protein - - -2.05776 -3.23175
209401 DVU0465 trpE Anthranilate Synthase, Component I - - 2.11558 3.81329
209404 DVU0468 trpC  indole-3-glycerol phosphate synthase 2.40312 3.90181 - -
209456 DVU0518 Hypothetical Protein - - -2.80253 -4.52378
209532 DVU0588 hybA Formate Dehydrogenase Beta Subunit - - -2.10686 -3.11703

Operons Affected by FUR and PerR (z > 2)
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perR- vs. wtfur- vs. wt

The microarray results for the fur- are consistent with the computationally 
predicted regulons and with previously described Northern hybridization 
experiments.  These results suggest that the regulons may be more complex 
than previously predicted. A degree of overlap appears to exists between the 
FUR, PerR and ZUR regulons.

fur- vs. wt, 60 μM iron fur- vs. wt, 5 μM iron perR- vs. wt
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Expression of Met and Trp Biosynthesis Genes of Mutant Strains 
Compared to Other ESPP Dvu Microarray Experiments

Future Work

• Transcriptomics analysis of mutants strains under stress 
conditions
• Distinguish between responses dependent and independent 
of FUR/PerR
• Analysis of roles of Trp and Met biosynthesis enzymes in 
general and specific stress responses

A)

B)

The computationally predicted FUR (A) and PerR (B) 
regulons defined by Rodionov et al., 2004.  The PerR
regulon figure (B) also includes genes encoding known 
oxygen defense proteins employed by D. vulgaris, but it is 
not currently known if these genes are regulated by PerR
binding.
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