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Properties of Desulfovibrio sp. S5 in reducing sulfate and Cr(VI)

WU Yufei, SUN Junke, PANG Anran, WANG Yanrong, LIU Miao, LIU Hongyan*

College of Marine and Environmental Sciences, Tianjin University of Science & Technology, Tianjin, China

Abstract: Sulfate-reducing bacteria (SRB) with unique reductive capabilities enable simultaneous
sulfate reduction and heavy metal removal, demonstrating potential in heavy metal pollution
remediation. [Objective] To isolate efficient SRB strains from marine sediments and investigate
their reductive characteristics and application prospects in Cr(VI) contamination remediation.
[Methods] We enriched and screened out an efficient SRB strain and systematically analyzed its
sulfate reduction efficiency, Cr(VI) removal efficiency, and metabolic responses under
environmental stressors (such as pH, sulfate concentration, and heavy metal concentration). This
strain was then used to synthesize biological iron sulfide composite, the physicochemical
characteristics of which were then investigated by scanning electron microscopy (SEM), X-ray
diffraction (XRD), and Fourier-transform infrared spectroscopy (FTIR). Furthermore, the
feasibility of applying the biological iron sulfide composite in the remediation of Cr(VI)-
contaminated environments was explored. [Results] Strain S5 was identified as Desulfovibrio sp.
with GenBank accession number OR140726. Its protein concentration and sulfate reduction
followed an S-shaped curve. This strain exhibited a certain degree of acid tolerance, with the ODgg
and sulfate reduction rate reaching 0.16+0.01 and (83.71£1.49)% at pH 5.0, respectively. The strain
exhibited sulfate reduction capability in the presence of 0.5-1.3 g/L sulfate, achieving a maximum
reduction rate of (92.27£1.20)%. In the presence of 10-30 mg/L Cr(VI), strain S5 demonstrated
efficient Cr(VI) removal. However, when the Cr(VI) concentration was higher than 30 mg/L, the Cr
(VI) removal rate of this strain decreased significantly. The biological iron sulfide composite
prepared based on strain S5 was porous, amorphous, and rich in functional groups such as C=0, N-
H, and Fe-S, and its Cr(VI) removal rates were above 85% and did not differ significantly when
exposed to Cr(VI) at high concentrations. [Conclusion] Desulfovibrio sp. S5 is a strain with high
efficiency of sulfate reduction and Cr(VI) removal, and the biological iron sulfide composite
prepared with it can overcome the limitation of higher Cr(VI) concentration and maintain high Cr
(VI) removal rate, which has obvious advantages in the remediation of Cr(VI) pollution. The
results of this study can provide a scientific basis for the application of SRB in the bioremediation
of Cr(VI)-polluted environments.

Keywords: sulfate-reducing bacteria; isolation and identification; biological iron sulfide
composite; sulfate reduction; Cr(VI) removal
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Figure 1  Cell morphology of strain S5 under

scanning electron microscope.
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72 _|jDesulfovibrio sp. GB9 (AB678358.1)

— Desulfovibrio sp. PT-2 (M98496.1)
Desulfowbrlo sp. GB4 (AB678354.1)

55
Desulfowbrlo sp. GB14 (AB678363.1)

Desulfovibrio sp. 2 (JE714419.1)
S5 (OR140726)
Desulfovzbrza sp. A2 (AY770382.1)
100 Desulfovibrio sp. 981 (MW255340.1)
Desulfovibrio vulgaris 15 (AY362360.1)

0.01

E2 ERS5ET16S rRNAEEFHIMEZER RS A ER . GenBank B g SAREAERG SN 203 m LRI A
JEAEZER 1 000K E R B A 4L s ZIHE SRR DR & AR AL

Figure 2 Phylogenetic tree of strain S5 based on 16S rRNA gene sequence. The GenBank accession number is
indicated in parentheses; The bootstrap value on a branch node represents the percentage of 1 000 repetitions; The

scale bar represents the number of substitutions per base position.
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Figure 3  Effect of incubation time on growth,
protein concentration, and sulfate reduction rate of

strain S5. ***: P<0.001.
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Figure 4 Fitted curve of correlation between protein

concentration and sulfate reduction rate.
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Figure 6 Effect of sulfate concentration on growth,
protein concentration, and sulfate reduction rate of
strain S5. ***: P<0.001. 0.108 and 0.125 represent
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concentrations of 0 g/L and 1.5 g/L, respectively.
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Figure 7 Effect of Cr( VI) concentration on the

removal rate of Cr(VI) by strain S5. The difference of

small letters is significant (P<0.05).
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Figure 8 SEM images of biological iron sulfide composites. A: Pyrite with a magnification of 800 times; B:

Biological iron sulfide composites with a magnification of 800 times; C: Pyrite with a magnification of 6 500

times; D: Biological iron sulfide composites with a magnification of 6 500 times.
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Figure 9 XRD spectra of biological iron sulfide
composites.
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Figure 11 Effect of Cr(VI) concentration on Cr(VI)
removal in biological iron sulfide composites. The

difference of small letters is significant (P<0.05).
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