Microbiol Monogr (6)

D. H. Nies, S. Silver: Molecular Microbiology of Heavy Metals
DOI 10.1007/7171_2006_082/Published online: 3 February 2007
© Springer-Verlag Berlin Heidelberg 2007

Microbial Physiology of Nickel and Cobalt

Robert P. Hausinger1 (5%) - Deborah B. Zamble?

16193 Biomedical Physical Sciences,
Dept. Microbiology & Molecular Genetics and Dept. Biochemistry & Molecular Biology,
Michigan State University, East Lansing, MI 48824-4320, USA
hausinge@msu.edu

2Department of Chemistry, University of Toronto, 80 St. George St.,
Toronto, ON M5S 3H6, Canada

2.1
2.1.1
2.1.2
2.1.3
2.2
2.3
2.4
2.4.1
2.4.2
2.5
2.5.1
2.5.2
2.5.3
2.5.4
2.5.5

3

3.1
3.2
3.3
3.4
3.5
3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.6
3.6.1
3.6.2
3.6.3
3.6.4

Introduction: Microbial Physiology of Nickel and Cobalt . . . . ... ...

Nickel and Cobalt Physiology of E.coli . . . . .. ... ...........
Ni2*, Co?*, and Vitamin By, Uptake in E. coli . ... ... .........
NiZ* Uptake in E. Oli .+ o v v v i e e e e e e e e e e
Co?t Uptake in E. coli . . v v v v v et e
Vitamin By, Uptakein E.coli . . . .. .. ... .. . v o
Ni2* and Co?" Effluxin E. coli . . . . o v v i i
Ni2* Storage in E. oli « v v v v v e et e e
Ni?* and By, Regulation in E. coli . . . v v v v v v e e
Ni2*-Dependent Transcriptional Regulationin E. coli . . ... .......
Regulation of By, Uptakein E. coli . . . . ... ... ... ..........
Nickel- and Cobalt-Enzymes of E. coli . . . . .. ... ............
[NiFe]-Hydrogenases in E. coli . . . . .. ... ... ...,
Nickel-Glyoxalase in E. coli . . . . .. ... v i vt
Nickel-Urease in E. coli . . . . .. .. v ittt
Cobalt-Enzymesin E.coli. . . .. ... ... i
Cautionary Comments about Assigning Ni>* and Co?* Dependence . . . .

Novel Aspects of Nickel and Cobalt Physiology in Other Microorganisms .
Ni2t and CoZm Uptake . « v v v v v vt e et e e e e e e
Ni2* and Co?" EflUX . . . o v vt i it
Nickel Storage . . . . ... . . .
Ni2* and Co?" Regulation . . . ... ... .o v i,
Nickel Enzymes . . . . . ... o i it e
Superoxide Dismutase . . . . . . ..o i i e
Carbon Monoxide Dehydrogenase . . . .. ... ...............
Acetyl-CoA Synthase/Decarbonylase . . . . .. .. ..............
Methyl-Coenzyme M Reductase . . . .. ... ................
Aci-Reductone Dioxygenase . . . . ... ... .. ...,
Cobalt Enzymes . . . . . ... o i i e
Nitrile Hydratase and Thiocyanate Hydrolase . . . . . . ... ........
Prolidase . . . . ... ... e
Transcarboxylase . .. ... ... ... .. .. .. . o,
Other Cobalt Enzymes . . .. .. ... ...,

References . . . . . . . . i i i i i i i i i e e e e e e

288

288
289
290
291
292
293
293
294
294
296
296
297
299
299
300
301

301
302
302
303
303
304
304
305
305
306
307
307
307
308
308
308

309



288 R.P. Hausinger - D.B. Zamble

Abstract Nickel and cobalt are essential micronutrients for many microorganisms and
serve as enzyme cofactors that catalyze a diverse array of reactions. One complication
is that high concentrations of these transition metal ions are toxic to cells, leading some
prokaryotes to evolve sophisticated homeostatic mechanisms to regulate their transmem-
brane uptake or efflux. The biosynthesis of nickel and cobalt metalloenzymes requires the
intracellular allocation of the metals to the appropriate apoproteins, often in an intricate
process that involves the cooperative activity of accessory proteins. Here, we highlight the
molecular physiology of nickel and cobalt cation metabolism in Escherichia coli and sum-
marize additional nickel- or cobalt-dependent processes and homeostatic mechanisms
found in other microorganisms.

1
Introduction: Microbial Physiology of Nickel and Cobalt

Over 50 years ago a requirement for Co?* or vitamin B;, was established in
cyanobacteria that fix nitrogen or utilize nitrate (Holm-Hansen et al. 1954).
A decade later, Bartha and Ordal noted that Ni%* is needed for the growth
of two hydrogen-oxidizing bacteria (Bartha and Ordal 1965). These micronu-
trients are transported into cells by highly specific uptake systems (Eitinger
and Mandrand-Berthelot 2000; Eitinger et al. 2005). By contrast, microbes
that grow at elevated concentrations of Ni>* or Co?* can utilize metal-specific
efflux systems as a powerful resistance mechanism (Nies 2003). The Ni?* or
Co?" uptake and efflux systems must be carefully regulated for optimal cell
growth, and certain bacteria have devised ingenious mechanisms to sense the
concentrations of these and other cations (see the work by Helman, Soosanga,
and Gabriel, 2007, in this volume). Within the cell these metal ions are in-
corporated into specific metalloenzymes (see Table 1) by a process that often
requires additional accessory proteins.

Our goals in this contribution are to illustrate in some detail the physiol-
ogy of Ni** and Co?* metabolism in Escherichia coli, in some cases extending
to related better-studied systems, and to briefly review novel aspects of the
physiology of these metal ions in other microorganisms. We cannot be com-
prehensive in our coverage of the microbial physiology of Ni** and Co?*,
so we refer to many key papers and more extensive reviews of these general
topics.

2
Nickel and Cobalt Physiology of E. coli

Physiological studies of E. coli have been used to address the mechanisms of
cell uptake of Ni?*, Co?*, and vitamin By, to provide evidence for a Ni** and
Co?* efflux transporter, and to examine for Niz* storage in these cells. Addi-
tional investigations in this microorganism have characterized the mechan-



