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•Drinking water As:
‐USA 10 µg/L, Bangladesh  up to1000 µg/L

•Arsenate (As[V]): H2AsO4
‐ 

‐compe44on for phosphate

‐interrupts cellular energy produc4on

•Arsenite (As[III]): H3AsO3

-5‐10 4mes more toxic than As(V)

-Affinity for protein sulfur groups

Arsenic is toxic!
Here is a picture of a person suffering from hyperkeratosis of the hands.
The following pictures were taken from this website address.



Arsenic concentra4ons 
in groundwater

hDp://webserver.cr.usgs.gov/trace/pubs/geo_v46n11/fig2.html’

Distribu4on of arsenic 
in Bangladesh

hDp://bicn.com/acic/

This graphic was taken from USGS’s website. The graph shows the As 
concentrations of various groundwater samples taken across the United 
States. The red dots indicate that the As concentration is greater than the 
MCL (50 µg/L).
Much of these areas are located in CA, Idaho, AZ, and some in UT and 
Michigan.

Bangladesh heavily affected by arsenicosis.
Groundwater is contaminated with As.
Geological origin.



Biogeochemical cycle of arsenic

As(V)‐respiring microorganisms 
are phylogene4cally diverse



Shewanella sp. strain ANA‐3

16S rDNA Phylogeny

Shewanella sp. strain ANA‐3



ANA‐3 is suitable
for gene4c studies

Sal4kov et al. (2003) AEM

ANA‐3 can respire As(V)
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Two types of As(V) reduc4on 
by bacteria
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“Gain of func4on” approach

Library of random pieces of chromosomal DNA

+

Screen for phenotype of interest

Iden4fy and characterize cloned DNA

cloning
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fragments
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20‐30 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The ANA‐3 ars system confers 
arsenic resistance to E.coli

E. coli AW3110

           

Sal4kov et al. (2003) AEM

Is arsenite detoxifica4on 
required for As(V) respira4on? 



No!  arsB/C mutant s4ll 
respires As(V)

What encodes the respiratory 
As(V) reductase?

95 kDa
pI  8.96

26 kDa
pI  9.1

CDS1

pSALT1

 Hint: N-terminal homology 
to DMSO reductase 

protein family

Sal4kov and Newman (2004) PNAS

What encodes the respiratory 
As(V) reductase?
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What encodes the respiratory 
As(V) reductase?

ArrA, ArrB

Loca4on of ArrA/B
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5 µm

Environmental Relevance



As(V)‐respirers are diverse 
but arrA is highly conserved

arrA is a robust marker 
for As(V) respira4on

160-200 bp

Malasarn et al. (2005) Science



Is arrA important in the environment?

1. Is arrA required for As(V) 
  transforma4ons in iron‐rich 
  sediments?

  Fe(OH)3=As(V)

2. Is arrA present and 
  expressed in these sediments?

arrA controls As(V) reduc4on 
when bound to Fe(OH)3(s)

Malasarn et al. (2005) Science

* No ArrA/B, no As(V) reduc4on!



LA Aqueduct

Sampling at Haiwee 
Reservoir

25 mg/l (pre‐CoDonwood)



Kneebone et al. 2002, ES&T

As(III) dominates Haiwee  
sediments below 2.5 cm

XANES

mRNA arrA in
Haiwee sediments

Environmental
mRNA
62‐97% iden4cal
to sequences
from known
As(V) respirers



SUMMARY

• Many microorganisms can respire 
As(V)

• arrA expression controls arsenic 
specia4on in Fe‐rich, low‐
temperature environments

• arrA is a reliable marker for 
respiratory As(V) reduc4on that 
can be used to track the ac4vity 
of these microorganisms
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