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Abstract: [Objective] Microbial-Fenton process driven by dissimilatory iron reduction is
increasingly recognized as a major source of hydroxyl radicals (*OH) in redox-fluctuating
environments (e.g., tidal sediments), thereby playing an important role in biogeochemical element
cycling. However, extracellular polymeric substances (EPS), which are ubiquitous and closely
associated with the cell-mineral interface, remain poorly understood in terms of their regulatory
roles in this process. This study aims to elucidate the mechanisms by which EPS derived from
Shewanella decolorationis influence *OH generation under oxic-anoxic conditions. [Methods]
S. decolorationis S12, its extracellular electron transfer-deficient mutants (SI12ABA and
S12AccmA), extracted EPS, and ferrihydrite were employed as model components. By simulating
oxic-anoxic alternating conditions, we employed a combination of chemical and spectroscopic
approaches to characterize the physicochemical properties of EPS and to investigate their effects on
iron reduction and *OH generation. [Results] Although EPS exhibited intrinsic redox activity and
could mediate electron transfer in S. decolorationis, they exerted inhibitory effects on iron
reduction efficiency and *OH generation under oxic-anoxic conditions, decreasing the Fe(II)
accumulation and *OH production by up to (56.63+4.67)% and (26.86+5.30)%, respectively. This
inhibition was primarily attributed to the strong affinity between EPS and iron minerals, which led
to the formation of EPS-Fe(Ill) complexes that hindered electron transfer efficiency. In addition,
EPS promoted the transformation of ferrihydrite into secondary iron mineral phases with lower
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bioavailability, thereby decreasing the reducibility of Fe(Ill) and further suppressing *OH

generation. [Conclusion] EPS act as a critical interfacial chemical mediator in the microbe-iron

mineral system, regulating dissimilatory iron reduction and consequently influencing <OH

production. These findings provide new insights into the biogeochemical processes in tidal soil and

water environments such as intertidal sediments.

Keywords: Shewanella decolorationis; extracellular polymeric substances; microbial-Fenton

process; extracellular electron transfer; dissimilatory iron reduction
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Figure 1

Variations in Fe(Il) accumulation and *OH generation by Shewanella decolorationis S12 under

oxic-anoxic conditions. A: Schematic illustration for experiments of microbial-Fenton process; B—D: The

variation of total Fe(Il), *OH accumulated and soluble Fe(Il) content during the operation inoculated with

S. decolorationis S12, the shaded grey areas indicate the anoxic conditions.
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Figure 2 Comparison of cell viability in different systems. Confocal laser scanning microscopy (CLSM) images
of cells after live/dead staining on days 2. A: S12+Fh group; B: S12+EPS+Fh group.
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B: *OH accumulated during the operation.
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Figure 6 EPS interacted with Fh. A: Fourier transform infrared spectroscopy (FTIR) spectra of the interactions
between EPS and various concentrations of Fh (0-2 g/L); B—C: Synchronous and asynchronous maps obtained
from 2D-COS analyses based on FTIR datasets (25 °C) (EDS spectra of the bacteria after redox cycles); D:
S12+Fh group; E: S12+EPS+Fh group [The Roman numerals in the spectrum designate the following elements:
I1: Phosphorus (P); III: Iron (Fe); IV: Oxygen (O); V: chlorine (Cl)]; F: Confocal laser scanning microscopy
(CLSM) images of cells after live/dead staining on days 2 (I: Fh group; II: EPS+Fh group).
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Figure 7 Transformation of Fh after redox cycles. A-D: XRD patterns; E-L: TEM images. The different labels
represent: A, E, I: Fh group; B, F, J: EPS+Fh group; C, G, K: S12+Fh group; D, H, L: S12+EPS+Fh group. The

symbols in the XRD patterns indicate different mineral phases: ferrihydrite, vivianite, hematite, magnetite, and

other iron oxides (e. g., iron oxide, rockbridgeite). Each symbol corresponds to a specific crystalline phase
identified in the samples.
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