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ABSTRACT

The anaerobic, sulfate-reducing bacterium Desulfovibrio vulgaris Hildenborough is Table 1. Growth of D. vulgaris on Figure 2. D. vulgaris growth and Figure 3. Acid pH shift at 0.4 OD 600 Table 2. Lactate consumption for pH

currently being explored for environmental bioremediation applications. Among the acid medium pH change on acid medium* nm D. vulgaris growth and lactate adjustment?
envn_opmental constraints likely to be encountered in conta_mlnated_s_ltes will be acid Finl proteinyilds and 0D of culures grown on acid media consumption Final Metabolite Conc
conditions. Therefore, the effect of low pH on the metabolic capacities of D. Protein — .

Igaris is being explored. Transcriptional profiling was performed for cells e oY fron oo nitial] Final| Protein Lactate’|  Acetate) Lac + Ac
vulg g exp - p p! 9 p . - " P — rrp—r— Treatment pH  pH  pg/ml mM mM_ Total
exposed to low pH. According to pH 5.5 microarray data, many clusters of genes in 70 97 (100%) 94(100%)  93(100%) 100% ot PHTt07 694 696 120 0 53 53
D. vulgaris are up-regulated. Five of these gene clusters were chosen for o oot Sl S ] - . R 71063 631 6.82 73 13 41 54
physiological experime_nts to_determine the_ relationsh!p betv\{een the differentially o3 2 Pl s A i e T I I N P pH 7 0 6.02 6.08 6.64 66 23 35 58
expressed genes and acid resistance. Cells inoculated into acid pH media had a o0 29 (30%) 26 (@8R 28 (30%) 2% sy | |2 JP— pH7t05.7 5.74| 6.46 48 31 38 69
longer lag phase and lower final protein yields. When cells were pre-grown at pH 6 " - * Initial Lactate 60 mV

" . ! . o N

or 5, they did not show acid adaptation. The acid-grown cells showed greater ) _ o e s

i~ N N . N . . Figure 1. Growth at different initial pHs FHSBIeh) s om
mobility during microscopic observations and in a soft-agar plate assay, consistent o LIRS I - . .
with the increase in the transcription of flagellar genes. However, addition of e b Figure 4. Effect of supplements on acid
thiamine, potassium, or individual amino acids showed no significant increase in —pH7 wesssn resistance: Thiamine, KCI, Arg, Lys,
acid resistance. Addition of casamino acids did have some protective effect. A ::::5 and Glu.
mutant with a null mutation in pspA, a phage shock gene (JW704) showed an —o—pH5S * Medium initall buffered with 30 mM PIPES
increaseq sensi‘tivity to acid, having a muph longer lag phase pefore g‘rowlh inpH i:::" . e pHT
5.5 medium. Finally, the effects of chemicals, such as polyamines which are TS En e L sumemenes
products of the enzymes encoded in the norspermidine operon which was up- 8 o2 —o—pHT
regulated, were investigated. Acid resistance and biofilm formation by adding MICROARRAY RESULTS oot - o e hes
spermidine, norspermidine, purescine, or onithine in growth medium will be Hours

Supplements: 2 uM Thiamine, 8 mM KCI, 6 mM each Arg,

reported. Lys, and Glu.

DVU0001/3395

Microarray analysis of transcripts
from pH 5.5-shifted D. vulgaris

Log2 Ratio of treated/control

Acid induced Genes Acid induced Genes

Potassium metabolism Ty, o0 1200 2600 2400240 Microarray analysis of transcripts
Hagsiiat from pH 5.5-shifted D. vulgaris
ovussse KD pstn el s s o155 14 DVU0313-316 pH 5. . vulg
ovuassr KG5C  potassium transporing ATPase, € subunt P p =
ovuans Kbt potassium.raneporting ATPase, B subunl 695 18 s . Log? Ratlo of ratadicontrol
ovoms KGpA_ potassum-ransporing ATP ase, A subunit LT N Norspermidine operon e (mn]__ 00 a0 200280
ovusez A" hypotneica proten [/ —t
: ovusses A~ hypotnetica proten P - 04: ovuosts A GGDEF domain protein (R
Figure 5. Growth of WT, AFur, and o DVUL416.0425 ~ e T Sy
- : . s protin O ORE T wosts Iysi_ saccharopine dehydrogenase (1)
PspA-mutants inoculated at acid pHs ovusios NA (o hypotiedcal protin = - ovusis 50E carboxynerspermidin decarborase | 26 s 48 489
ovuoeto NA () hypothetca potein = im 2w m Flagaliar #2
ovuoezn NA hypotheical protein 12w 2w
ovuozt NA agmatinase, puative ]
; Log2 Ratlo of veated/conirol DVU0512-0519 D22 NA  sonsory boxIGGDEF domain/EAL domain protein 102 105
Phage shock proteins Time oy so] 1200, _2400] 240240 e DS HA— hypothetica protee |
ovuzses 0550 phage shock prtain C [T
. g - i L e DVU2986-2989
ovuzses A~ phags shock protein A e am s
= pHTFRr ovuess Do reapense regutster ) i Log2 Ratio of reated/control
/‘ Cysteine biosynthesis Cysteine metabolism Tme (miy| 600 1200] 2400020040
—8—pH7 PspA
S PHTRH Log2 Ratio ofreatedicontrl DVU0662-0668 ovuossz GsE erine Oacetyivansierase a7
SHESWT Fur-regulated feo operon Tme (mn) 6000 12000  24000] 2401240 DVU06ES @ cysteine synthase A (T K| RET
VU870 pleD  GGDEF domainHAMP domain profein Iron uptake (Fur regulated) [DVU06S4 [NA cysteine desulfurase 198 227, 19, 1.07)
—&—pH55Fur VU271 feoB. ferrous iron transport protein 0.92 1.08) DVU2570-2574 DVUGES NA nitrogen fixation protein nifU| 1.3 221 301 3.08)
001 VU572 feoA ferrous iron transport protein A 07| 1.56] 1.71) = DVU0G68 NA ‘methyl-accepting chemotaxis protein 072 167 1.3
ovuzsrs N hypotmetcal prot 2o
0 0w w0 %0 PHSSPspA ovuzsTs fetrous ron aneparier component fsoh [
Hours Log2 Ratio of treated/control
o i — - - Flagellar #3 Flagellar genes Tme (minj60t0.  [1200  |2000 2400240
Thiamine biosynthesis e oin]__GU0(_ 2200, __2i0h_200/200 Thiamine Biosynthesis DVU0862-0866 ovuosez WA fagelar prolin FifShypohatical profein,fusion [ET—
ovuzsEs M hycroxyethyihazole kinase w4 am ot DVU2362 & 2363 vinses R
ovuzsez IE2 thiamine phosphate pyrophosphonylase 2w 2 ovuoes i 2o
Flagellar #4 ovuosss 16 sa 3
ovutasz [T/ -]
DvU1442-1446 ovutass D -
ovutass 1 2e s
ovutsss 13
- DVU1697 ovuoaia [
Other up and down regulated genes (Z > abs 2) from pH 5.5 microarray results Dvuo3te EE7 IRl
ovuosts IR L
ovuote T asm m
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ovuosts tes 2e 23
Up-regulated genes ovuoste 2 o
ovuosiT ass oo
Enoray on-ulfrcustor binding protein 0801081, 25432508 . RESULTS & CONCLUSIONS OSSN tapelarheskasoced proi K e
Formate dehydrogenase 0572.0573, 0576.0577, 05860588 7

Cell envelope & Wall

Pro-phages

Transposase

Megaplasmid

Chaperon & Heat shock

cIpS, clpA, cIpB, dnal, hspC, hsp20, lon

fsxA, ripB, kll protein, hydrolase,
thioesterase, carbohydrate isomerase

Down-regulated genes

Phage #2
Phage #3
phage #4
Phage #5
Phage #6

orta, orf, 1SOVU

‘asparagine synthase, HP

Lipoprotein

Regulatory

Others.

Unknown

lipoprotein, peptidase, glycosylransferase,
ligase, methyltransferase, acyltransferase

histidine kinase, sigma-54 dependent, arsR,
transcriptional, chemotaxis, tetR

AT-rich DNA binding, endoribonuclease,
metF, pyc (pyruvate carboxylase)

hypothetical protein (HP)
conserved hypothetical protein

1600-1603, 1874-1876, 2441-1442,3298-3305 17

12121213, 1579-1581, 1729-1730, 29742978, 16

01320135, 01590160 1. Cells inoculated into acid media had longer lag phases and lower final protein yields. Lactate appeared not to be completely
oxidized at acid pH.

P . 2. When cultures were pH shifted at OD 0.4, no cell growth occurred below pH 6.0, although medium pH increased ~ 0.6 pH unit.

2709, 2725 2 3. Addition of potassium, thiamin, and amino acids in pH 5.5 medium increased the acid resistance slightly.

T : 4. Both AFur and PspA- mutants were more acid sensitive than the wild type.

o e S0 N 5. Although many genes were i d in transcription at pH 5.5, an increase in motility could not be demonstrated (Data not

2004, 2006-7, 2010, 0555.0558, 0561-64 2 shown).

A0025-A0021, ADDSE, ADDT3 s 6. Biofilm formation was increased in acid medium.

2145.46, 2371.75, 2448, 2686, 0280-02691, 15

1849, 18601862 . .
Additional observations:

1760, 2827, 2956, 3080-3084, 5053, 12 I. Acid adaptation was not apparent, when cells were pre-grown at pH 6 or 5 before subjecting to a larger pH shift.
0604-0606, 0629-06%0 I y cell acid could not be demonstrated.
0916, 0923, 0933, 0097, 1834 s lil. No obvious amino acid decarboxy y for acid (e.g. and lysine) could be recognized in D. vulgaris

DNA.
IV. FoF; ATPase is not regulated by acid pH as observed in some Gram-positive bacteria.
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