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Abstract  

Iron bioavailability in aerobic, circumneutral environments is 
limited by low solubilities and slow dissolution kinetics of Fe-
bearing minerals. Aerobic microorganisms have developed a number 
of strategies to obtain Fe, including release of siderophores, which 
are low molecular-weight Fe(III)-specific chelators. This research 
investigated the role of siderophores and other Fe acquisition 
strategies in Fe acquisition from the Fe(III)-bearing clay mineral 
montmorillonite (MMT) by an aerobic Pseudomonas mendocina 
bacterium. Fe-limited batch experiments were conducted using a 
wild-type (WT) P. mendocina strain that produces siderophore and 
an engineered mutant with a siderophore(-) phenotype. Based on 
measurements of population densities coupled with a molecular 
biosensor assay that monitors the promoter activity of the 
siderophore biosynthesis gene, and measurements of cells’ reducing 
ability, it appears that both siderophore -related and -independent Fe 
acquisition strategies may play a role in Fe acquisition.  

WT siderophore-producing cells actively grow and metabolize 
when MMT is the sole Fe source, but sideorphore sorption to clay 
particles may limit the concentration of dissolved siderophore (and 
Fe-siderophore complex) accessible to cells at any given time. Cells 
may also obtain Fe from MMT by reducing clay-associated Fe(III), 
but because P. mendocina does not produce an exogenous reductant, 
such reductive Fe acquisition only occurs when direct physical 
contact is established between cells (or organic biofilm 
components) and MMT. Siderphore(-) mutant cells were able to 
increase intercellular Fe concentrations at earlier growth stages and 
to attain higher maximum population densities than the WT. This 
suggests that cell-associated reduction of MMT Fe(III) may 
potentially provide cells with a more rapid and energy-efficient Fe 
acquisition strategy from clays as compared with siderophore-
dependent mechanism(s).  Moreover, the reducing mechanism may 
be assisted by biofilm production that ensures direct contact with 
the clay and has the potential to physically limit diffusion of 
siderophores away from cells in batch cultures. 
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Abstract 

The strength of the atmospheric circulation around Antarctica 

is intimately coupled to the rate of deepwater ventilation in the 

Southern Ocean, hypothesized to be the dominant control on 

atmospheric CO2 concentrations on glacial-interglacial timescales 

[1, 2].  During the past ~2000 years, preindustrial atmospheric CO2 

concentrations changed significantly and, at times, rapidly [3]. There 

are several possible explanations for these observed changes, 

including changes in terrestrial biomass linked to human activities. 

However, the role of Southern Hemisphere westerly wind intensity 

on inter-annual to centennial timescales has not been evaluated fully, 

and may be important. High-resolution ice core microparticle 

records hold promise for reconstructing the strength of the 

atmospheric circulation because, as we have observed, the 

background dust particle size distribution (PSD) is primarily a 

function of wind strength. Moreover, PSD varies independently of 

total particle flux, implying different meteorological and climatic 

drivers. We present results from continuous analysis of mineral dust 

in the upper 577 m of the West Antarctic Ice Sheet (WAIS) Divide 

deep ice core (79.468  S, 112.086  W) and discuss the dominant 

controls on dust flux and PSD, as determined using reanalysis data 

and climate model output. In addition, we evaluate the periodicity of 

the dust flux and PSD records using wavelet analysis.  We find that 

changes in the periodicity of the PSD (notably at ~1300 and 1600 

C.E.) appear to be coincident with shifts in the strength of the 

Southern Annular Mode (SAM) climate oscillation, as inferred using 

the Law Dome sea salt proxy record [4].  We extend our 

interpretations of the dust record to the past 2400 years, offering 

new insights into how the atmospheric circulation around Antarctica 

changed, with possible impacts on ocean ventilation and atmospheric 

CO2. 
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