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Results To Date: To date, our studies have concentrated upon two aspects of the chemistry and 
architecture of the Shewanella outer membrane surface: the influence of terminal 
electron acceptor during anaerobic respiration, and the role that protein secretion 
systems play in determining the presence and chemistry of exopolymers. Using 
Shewanella oneidensis strain MR-1 and S. putrefaciens strain 200R as model 
organisms we have developed a microelectrophoresis approach to estimating cell 
mobility in solution over a range of ionic strengths. From this data, and applying 
Ohshima’s soft particle theory, we have successfully estimated the net electrostatic 
charge and relative thickness of any capsular material of the two model strains 
under various terminal electron acceptor availabilities. Additionally, by employing 
state-of-the-art cryo-electron microscopy techniques we have been able to not only 
confirm presence or absence of capsular material but also visualise the outer cell 
surface architecture in a completely hydrated state.    

Effect of electron acceptor availability upon cell surface architecture of wild type S. 
oneidensis MR-1 and S. putrefaciens 200R   

Results indicate that wild type Shewanella oneidensis MR-1 and S. putrefaciens 
200R present cell surfaces largely free of exopolymers when grown on fumarate or 
nitrate as terminal electron acceptor. Different terminal electron acceptors have a 
significant affect upon exopolymer production: cells grown on nitrate as terminal 
electron acceptor have a fixed charge density (Rhofix) of -7.7 plus/minus 1.2 mM 
(estimate plus/minus 95% confidence interval of the estimate) and an apparent 
electrophoretic softness (1/lambda) of 0.4 plus/minus 0.6 nm. For fumarate-grown 
cells the estimates are not significantly different from the nitrate-grown estimates 
(Rhofix = -8.7 plus/minus 1.7 mM; 1/lambda= 0.4 plus/minus 0.6 nm). 
Electrophoretic softness estimate for both sets of cells is not significantly different 
from zero. In contrast, the fitted estimates for the trimethylamine N-oxide (TMAO)-
grown cells are Rhofix = -8.6 plus/minus 1.5 mM and 1/lambda= 2.6 plus/minus 0.4 
nm suggesting that while the fixed charge potential for the cells grown on the three 
terminal electron acceptors are not significantly different from each other, 
electrophoretic softness estimates are. This suggests that MR-1 cells respiring on 
TMAO as terminal electron acceptor produce a more extensive layer of extracellular 
material than cells respiring on either fumarate or nitrate, but that this does not 
affect the overall net charge at the cell surface. Cryo-high resolution SEM confirms 
increased production of capsular material on the surface of cells in with TMAO. A 
similar analysis of S. putrefaciens 200R indicates a similar trend in mobility (and 
consequently Rhofix and 1/lambda) is observed for the three terminal electron 
acceptors. For S. putrefaciens, fumarate-grown cells have a fixed charge potential 
of -43.0 plus/minus 38.8 mM and an electrophoretic softness of 1.6 plus/minus 0.9 
nm. These estimates are similar to those for nitrate-grown cells (Rhofix = -43.0 
plus/minus 32.7 mM and 1/lambda= 1.8 plus/minus 0.9 nm). Unlike S. oneidensis, 
cells grown on TMAO as terminal electron acceptor exhibit a reduced fixed charge 
potential of -20.8 plus/minus 0.9 mM: the increased electrophoretic softness 



(1/lambda = 3.0 plus/minus 0.7 nm). The trend is clearly similar to that observed for 
S. oneidensis cells. Again, cryo-high resolution SEM confirms increased production 
of capsular material on the surface of cells in with TMAO.   

Effect of outer membrane proteins upon cell surface architecture of S. oneidensis 
MR-1 and S. putrefaciens 200R   

A contiguous cluster of twelve Gsp genes (gspC to N) has been described in 
Shewanella oneidensis MR-1. The Gsp family of proteins is found in type II protein 
secretion systems in a wide variety of gram negative bacteria. Insertional mutants of 
gspD in S. oneidensis and gspE in S. putrefaciens are unable to respire on solid-
phase Fe(III) or Mn(IV) oxides but retain the ability to reduce soluble electron 
acceptors. Since membrane-mineral interactions are involved in direct electron 
transfer to solid phase acceptors we are studying the influence of these two proteins 
upon outer membrane physicochemistry and cell attachment.    

Effect of GspD upon cell surface architecture of S. oneidensis MR-1  = MR-
1::ΔGspD cells present a significantly softer surface (1/lambda = 3.5 plus/minus 0.1 
nm compared to 0.4 plus/minus 0.4 nm) than wild type cells  = Wild type cell 
surfaces appears free of extensive exopolymers  = Cryoetch-HRSEM confirms the 
presence of copious exopolymeric material on the MR-1::ΔGspD surface  = ATR-
FTIR difference spectra indicate this extracellular material is predominantly 
carbohydrate in nature, a reduction in protein is also evident.  = XPS indicates an 
increase in O/C, and reduction in N/C ratios for the MR-1::ΔGspD cell surface 
compared to wild type cells supporting ATR-FTIR observations   = Rhofix is 
significantly reduced from -8.7 plus/minus 1.7 mM for wild type cells to -1.9 
plus/minus 0.6 mM for MR-1::ΔGspD cells   

Effect of GspE upon cell surface architecture of S. putrefaciens 200R  = 
200R::ΔGspE cells present a softer surface than wild type cells, although poor 
agreement with Ohshima?s model precludes statistical comparison.  = Cryoetch-
HRSEM confirms the increased secretion of exopolymeric material on the 
200R::ΔGspE cell surface  = ATR-FTIR difference spectra indicate this to be 
predominantly carbohydrate, a reduction in protein is also evident.  = XPS again 
indicates increased O/C, and reduced N/C ratios for the 200R::ΔGspE cell surface 
compared to wild type cells.  = Deletion of GspE has little apparent effect upon 
Rhofix in 200R (-43 mM)   

The autotransporter family of proteins consists of in excess of 700 proteins with a 
wide variety of functions such as proteolysis, cytotoxicity, serum resistance, host 
invasion and adhesion. Many autotransporter adhesins play a role in 
autoaggregation and biofilm formation. The presence of a well defined capsule may 
be detrimental to autotransporter adhesin and autoaggregation activity. Given the 
potential role of autotransporter proteins in adhesion and biofilm formation, we are 
currently investigating the influence of SO3800 upon the chemistry and architecture 
of the S. oneidensis MR-1 outer membrane surface. An SO3800 mutant of MR-1 
retains the ability to reduce solid phase Fe(III)-oxides.   

= MR-1::ΔSO3800 cells present a significantly softer cell surface (1/lambda = 2.0 
plus/minus 0.5 nm compared to 0.4 plus/minus 0.4 nm) than the exopolymer-free 
wild type  = ATR-FTIR difference spectra indicate this extracellular material is 
predominantly proteinaceous in nature, a reduction in carbohydrate is also evident.  
= XPS indicates an increase in the C-O/C-N contribution to the C 1s photopeak from 
22.4 at. % at the MR-1 wild type cell surface to 29.5 at. % at the MR-1::ΔSO3800 



cell surface supporting ATR-FTIR observations   = Rhofix is significantly reduced 
from -8.7 plus/minus 1.7 mM for wild type cells to -1.9 plus/minus 0.4 mM for MR-
1::ΔSO3800 cells   
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