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INTRODUCTION

The environmentally relevant Desulfovibrio species are sulfate-reducing bacteria that are
of interest in the bioremediation of heavy metal contaminated water. Among these, the
genome of D. vulgaris Hildenborough encodes a large number of two component
systems consisting of 72 putative response regulators (RR) and 64 putative histidine
kinases (HK), the majority of which are uncharacterized. We classified the D. vulgaris
Hildenborough RRs based on their output domains and compared the distribution of RRs
in other sequenced Desulfovibrio species. We have successfully purified most RRs and
several HKs as His-tagged proteins. We performed phospho-transfer experiments to
verify relationships between cognate pairs of HK and RR, and we have also mapped a
few non-cognate HK-RR pairs. Presented here are our discoveries from the Desulfovibrio
RR categorization and results from the in vitro studies using purified His tagged D.
vulgaris HKs and RRs.

Distribution of response regulators across sequenced Desulfovibrio
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With the exception of the animal isolates D. piger, and D. desulfuricans 27774,
Desulfovibrios have a large number of response regulators. Surprisingly, there
are only two RRs that are shared among all 7 genomes: Dvu1083 (PhoB) and
Dvu3220. There are 25 RRs conserved among the 5 environmental isolates.

Atypical response regulators that lack the conserved Aspartate

Dvu1593 37-69 ALGKL S----- - GPVKMVI T
Dvu0806  41-74 EGMA VL R----C-VGABIlvvVI T
Dvu0140 42-75 EALRLLR----E-RRFEAAVL

Dvu0596 38-71 EALSL[A*———S—HHP.LVFQ
Dvu1083  38-71 rLESAQ————R—HVPGLVLL
Dvu2121 38-63 ELG=- -----------
Dvu2937  65-102 HI LREL KNVTMR-RKTV
DvuA0025 36-67 I RHCR----A-SSCQ
Dvu0749 40-74 EALALLN----A-LPYG
Dvu0653 3667 EGILLAAT----E---ABJVIY
Dvu1063 39-72 GASAFI R----K-SGP
Dvu3023 3871 QGILAILE----T-AFVBIVVFL
Dvu0679 35-68 RAITEEAA----R-TFYPLIIT
Dvu2394 3972 QARERLR----R-ATYEVVVL
Dvu0110 3669 QGLRMVR----E-ELPECVIM
Dvu2934 3770 A LRTLA————S—DTPIVVFL
Dvu3220 3972 TALAFLE----E-SEVBIVVIT

These 6 response regulators of D. vulgaris Hildenborough also lack some of the other conserved
residues of the phosphorylation pocket. Their orthologs in other Desulfovibrio also have an
atypical active site. They also lack a cognate HK, and they may not be activated by phosphorylation.

Histidine kinases in D. vulgaris
D. vulgaris Hildenborough response regulator
distribution by operon structure

Sensor Histidine Kinases @ Monocistronic
in sequenced Genomes

O polycistronic -

Helicobacter (4) B polycistronic -

B polycistronic
(has HK also)

E-Coli (30)
/ B. subtilis (33) Less than half the RRs have a cognate HK
D. vulgaris (64)

Number of Genomes
@
S

Geobacter (92)

to 111021t031t041105

1 11061107110 81109110 101 121 131
10 20 30 40 50 60 70 80 90 100 to to to
120 130 140

Number of HKs
D. vulgaris contains a large number of two component systems, but for most individual
histidine kinases and response regulators, the cognate partners cannot be predicted. In

order to map these systems, soluble portions of the sensor HKs and the response
regulators were cloned, expressed in E. coli and purified as described below.

Cloning and purification scheme for the HKs and RRs
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Examples of purified response regulators
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Phosphorylation and phospho-transfer assays to experimentally
validate predicted cognate HK / RR pairs

In the case of the Sensor HK LytS (DVU0597) , the predicted response regulator is
encoded in the same operon.
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The ~57Kd LytS HK has an N terminal 123aa TM region.
The cytoplasmic region is ~ 45 Kd. We purified this
cytoplasmic portion of LytS for the ATP phosphorylation
assay and coupled it with its 25 KD RR partner, LytR.

LytS —> s
LytS, is successfully phosphorylated using 32P-ATP in - <—LyR
15mins. Less that 5 minutes of incubation with the
purified RR, LytR causes reduction in the HK~P and
increase in the RR~P.
HK  HK
LytS/ LytR systems in other bacteria are shown to R*R

regulate Autolysis. We also have a knockout mutant in
the IytS gene and are testing for this function in D.
vulgaris

14% TG SDS PAGE gel

In the case of the Sensor HK VicK(DVU0013) , the predicted response regulator is not
encoded in the same operon.
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Regulon predictions from Microbes
Online (Dehal et al 2009) suggest
DVU0013 to be in the same regulon
as DVU1083 (phoB).

coomassie autoradiograph
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Prediction tools developed by from ¥
Burger and Nimwegen (2008) RR ! i
suggest DVU0013 to be the cognate — -
partner for DVU1083.
Phosphorylation assays |
experimentally prove DVU0013/ N—
DVU1083 to be a two component HKDw0013  + + 4 4+ +

RR PhoB + o+ + o+

system.

« Purified Histidine Kinase and response regulator proteins are being used
to confirm and identify the two component systems in the soil bacterium, D.
vulgaris Hildenborough

« Purified response regulators are being used to conduct Chip based
assays that map their regulatory networks (see Poster #880)

« In the case of sensor histidine kinases only the soluble portion of the
protein are being used. The soluble portions were delineated by Morgan
Price at the Lawrence Berkeley National Laboratory.
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