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Metal reducing bacteria are able to stick to and form biofilms on different surfaces, 

including stainless steel. Their high adherence to metal surfaces is coupled with its ability 

to produce sulfides and reduce iron; hence its importance in microbially-induced corrosion of 

steel surfaces [1]. Shewanella is a gram-negative facultative anaerobe and is considered to 

be one of the most efficient and versatile dissimilatory metal-reducing microorganisms; it is 

found in variety of environments such as freshwater lakes, marine sediments, subsurface 

formation and variable depths in redox stratified aquatic systems. Besides the aerobic 

respiration, it can anaerobically respire inorganic and organic substrates such as fumarate, 

nitrate, nitrite, thiosulfate, Fe(III), Mn(III), Cr(VI) and U(VI) [2]. The Atomic Force 

Microscopy (AFM) has been used to obtain information about surface topography of 

bacteria and biofilm formation patterns [3,4,5], and force measurements can be used to 

characterize the samples, for example the interfacial processes, the interactions between 

attached bacterial cells and bacterial extracellular polymeric substances with the metal 

surface [3,4]. 

 

The aim of this work was to study the physical properties by AFM technique of the iron-

reducing bacteria which are involved in biofilm development on stainless steel surface. 

Stainless steel coupons were treated following ASTM G1-9 for preparing, cleaning, and 

evaluating corrosion test coupons. Shewanella was grown at 30°C in marine broth with 

coupons. All experiments were carried out in triplicate. The growth of the bacteria was 

measured spectrophotometrically and coupons were analysed by AFM Multimode-3100 

Veeco Microscope with Nanoscope
R 

IV Scanning Probe Controller (tapping methodology 

was used to treat samples), ESEM (Scanning Electron Microscopy) and EDS (Energy-

Dispersive X-ray Spectroscopy) with a FEI/Philips XL30 Microscope. The EDS analysis 

was applied to determined chemical composition of materials.  

Elemental compositions of the coupons were determined over the time period (hours) as 

well as biofilm formation and physical properties. The topography of cell and mature 

biofilm were characterized. For surface roughness analysis, the areas containing a 

bacterium cell or mature biofilm were randomly selected and scanned. A NanoScope 

Analysis software (2010) was used to measure the forces in order to estimate Young’s modulus 

(nN/nm
2
) in a certain indentation point of the cell or biofilm. 
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Fig. 1. ESEM micrographs. A) Polished coupon B) Coupon with corrosion damage after 96 

hours of biofilm growth.  

 

 

Fig. 2.  AFM micrographs of biofilm growing in coupon (24 hours). 


