
 

 

 

 

 

 

 

 































pH and redox potential (pe) are the most 

important factors controlling arsenic speciation.  

 

Phosphate (A) and arsenate (B) speciation are shown as a function of pH for the 

(V) oxidation states. H3PO4 or 

H3AsO4 (dashed and dotted line), 

H2PO4
! or H2AsO4

! (dashed line), 

HPO4
2! or HAsO4

2! (dotted line) and 

PO4
3! or AsO4

3! (solid line) are all 

indicated as a percentage of total Pi or 

Asi. The distribution curves in (A) 

and (B) show that Asi and Pi have 

similar charge and speciation under 

biologically relevant pH (Westall et 

al. 1976; Allison et al. 1991; Serkiz et 

al. 1996). Redox speciation is shown 

on a pe-pH diagram for aqueous 

arsenic species (C) in the systems P–

O2–H2O and As–O2–H2O at 25°C and 

1 bar total pressure. Arsenic (solid 

lines) and phosphorus (dashed line) 

species have been overlaid within the 

bounds of the O2–H2O redox couple 

(dotted lines). On such a diagram, 

phase boundaries represent the 

conditions at which the activities of 

the species on each side of the 

boundary are equal (Morel & Hering 

1993; Smedley & Kinniburgh 2002). 

Under dysoxic conditions (pe"0) and 

at neutral to mildly alkaline pH, the 

dominant As species is HAsO4 

suggesting that it would be present 

under conditions possibly relevant to 

the early evolution of life on Earth. 

 

Source: Felisa Wolfe-Simon, Paul 

C.W. Davies and Ariel D. Anbar 

(2009) Did nature also choose 

arsenic? International Journal of 

Astrobiology 8:69-74 
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ABSTRACT

The regulatory region of the plasmid-encoded arsenical
resistance (ars) operon was cloned as a 727-bp EcoRI-
H/ndlll fragment. When cloned into a promoter probe
vector this fragment conferred arsenite inducible
tetracycline resistance in Escherichia coli, indicating
that the fragment carried a regulatory gene, the arsR
gene. A single region corresponding to - 3 5 and - 1 0
promoter recognition sites was identified. The
transcriptional start site of the mRNA was determined
by primer extension. The sequence has an open
reading frame for a potential 13,179 Da polypeptide,
termed the ArsR protein. The fragment was cloned into
a temperature regulated expression vector. A protein
with an apparent molecular mass of about 12 kDa was
induced by either temperature or arsenite. This protein
was purified and used to produce antibodies specific
for the ArsR protein.

INTRODUCTION

The salts of arsenic and antimony are toxic to bacteria. The
arsenical resistance (ars) operon of resistance plasmid R773
encodes an oxyanion pump, the first member of a new family
of ion-translocating ATPases (1—3). In Escherichia coli this
system catalyzes extrusion of arsenite, antimonite, and arsenate.
Resistance results from lowering of the intracellular concentration
of these toxic oxyanions (4—6). The nucleotide sequence of the
structural genes of the operon has been reported (1). There are
three structural genes, and the product of each has each been
identified (1,2,7). The arsA and arsB gene products are sufficient
to form a pump for arsenite and antimonite, the (+HI) oxidation
states of the metals (8), while the ArsC protein is postulated to
be a modifier subunit which increases the substrate specificity
to include arsenate, the (+V) oxidation state of arsenic (2,8,9).

Oxyanion resistance is inducible in the conjugative R-factor
R773 but constitutive in the recombinant plasmid pUM3 (10).
In pUM3 expression of the structural genes of the operon is
dependent on the tetracycline PI promoter of pBR322. In this
report we describe the cloning of the ars operon with an intact
regulatory region. Features of the regulatory region were

identified, including the transcriptional start site and the product
of the fourth gene, arsR. The arsR gene product, the ArsR
protein, was subcloned, overexpressed and purified.

MATERIALS AND METHODS

Bacterial strains, plasmids, and bacteriophage

The E. coli strains and plasmids used in this study are described
in Table 1. Cells were grown in LB medium (11). Where required
ampicillin (40 /*g/ml), kanamycin (40 /*mg/ml), tetracycline
(35 /ig/ml) and arsenite (1 mM) were added to the growth
medium. When used as a noninhibitory inducer, arsenite was
added to 50 /iM. Procedures for manipulating DNA were as
described by Maniatis et al. (11). Plasmid pWSUl was
constructed from plasmid pUMl, which is inducible for arsenical
resistance (10). The 33-kb plasmid pUMl was digested
completely with £coRI and partially with HindKl. The fragments
were ligated into pBR322 which had been digested with both
£coRI and HintSE. Transformed cells were screened for inducible
arsenite resistance, resulting in the isolation of the 9.4-kb plasmid
pWSUl (Fig. 1). The restriction map differs from that of pUM3
only by the presence of the 0.73-kb £coRI-//jndIII fragment. For
expression studies this fragment was excised from pWSUl and
inserted into the multiple cloning site of plasmid pKK175-6 (12)
to create plasmid pWSU2, into pCP40 (13) to create pWSU3,
and into plasmid pT7-5 (14) to create plasmid pWSU4. The
fragment was also cloned into plasmids pUC18 and pUC19 and
phages M13mp8 and M13mp9 (15) for sequencing with E. coli
strain JM103 used as host. A HincU-Hin<W digest of the 0.73-kb
fragment cloned into M13mp9 was also used for sequencing.

DNA sequencing

The nucleotide sequence was determined by the dideoxy chain
termination method of Sanger et al. (16) in both M13 and pUC
plasmid derivatives using the enzyme Sequenase (United States
Biochemicals). The primer for M13 derivatives was the M13
universal primer. In addition the M13 reverse primer was used
with pUC18 and pUC19 derivatives. Analysis of the nucleotide
sequence was performed using GENEPRO 4.20 (Riverside
Scientific, Seattle, WA).
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