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Abstract: Microorganisms cause microbiologically influenced corrosion, for the prevention
of which bactericide inhibitors are used. The aim of the work was to study in vitro the
sensitivity of SRB Desulfovibrio oryzae NUChC SRB1 to different concentrations of dimethyl
sulfoxide (DMSO), and evaluate the indicators of the microbial corrosion of steel induced
by this bacterium in the presence of the pharmaceutical drugs DMSO and paracetamol. The
sensitivity of SRB D. oryzae to 1–100% DMSO (v/v) was studied via the dilution method
in Postgate’s “C” liquid medium. The corrosion activity of D. oryzae against steel 3 was
investigated under DMSO and paracetamol treatment at a final concentration of 45% (v/v)
and 0.2% (w/v), respectively, according to the ability of bacteria to form a biofilm on the
surface of the steel samples (via the crystal violet method) and the effect on the corrosion
rate (via the gravimetric method). It was revealed that DMSO affected D. oryzae NUChC
SRB1 and exhibited bactericidal properties (at a concentration range of 10–100%, v/v) and
antibiofilm properties (at a concentration of 45%, v/v). Despite its antibiofilm properties
confirmed by the reduction in bacterial biofilm mass, anticorrosion features were not
observed in the model 35-day conditions of the microbial corrosion of steel in an anaerobic
environment with bacterial sulfate reduction. Paracetamol (0.2%, w/v) did not affect biofilm
formation by SRB under these conditions, and significantly contributed to an increase in the
rate of the microbial corrosion of steel. The prospect of further research is to assess the effect
of DMSO and paracetamol on the indicators of microbial corrosion induced by SRB under
the influence of the concentrations of these compounds found in wastewater, to clarify
the possible additional causes of damage to the equipment of treatment plants. Further
research should also be directed at investigating the antimicrobial properties of complexes
of compounds with DMSO, which should be considered as an ecological solution to the
problem of microbiologically influenced corrosion prevention.

Keywords: bactericide; biofilm; dimethyl sulfoxide; microbiologically influenced corrosion;
paracetamol; sulfate-reducing bacteria

1. Introduction
The microbiologically influenced corrosion (MIC) of metals and steels develops under

the influence of microorganisms belonging to various ecological trophic groups [1–4]. At
the same time, a significant part of research on this issue emphasizes the drastic role of
sulfate-reducing bacteria (SRB) in this process [5–8]. The involvement of SRB in MIC
processes occurs through various mechanisms, including participation in electrochemical
reactions, the formation of corrosion-active compounds, and biofilms [9]. Bacterial biofilms
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are developed on solid surfaces and are the advantageous form of microorganism growth
compared to the free-floating (planktonic) form, providing bacterial population with some
benefits such as resistance to bactericides [10–13]. Bactericides with anticorrosion properties
are bioactive compounds, and are used to protect against MIC [14–16]. When choosing an
MIC bactericide inhibitor, its antibiofilm properties may be an advantage [16–18]. Currently,
various drugs are studied as possible antimicrobial and anticorrosive agents [19–21] as a
part of the “green” solution [21]. Different approaches are used to analyze the effects of
various chemical compounds. To predict the effects in natural and industrial aquatic and
soil environments, microbial toxicity tests were suggested as additional to other laboratory
tests, in particular, biodegradation tests [22]. Various standardized tests are recommended
to detect toxicity, and luminescent bacteria are used as organism indicators of contami-
nation [22,23]. Standardized anaerobic bacterial inhibition tests are being considered, in
particular by determining biogas production [22]. However, the agar dilution method
and broth microdilution method are also recommended for determining the antimicrobial
susceptibility of anaerobic bacteria [24]. In particular, the serial dilution method is sensitive
and provides good results of the antimicrobial properties of chemical compounds against
bacteria-agents of MIC [25].

Dimethyl sulfoxide (DMSO) and paracetamol are bioactive compounds and possess
antibacterial [26–28], antibiofilm [29–32], anticorrosive [33–36], and toxic [37–39] proper-
ties. DMSO (Figure 1) is a chemically synthesized, widely used solvent that is also used
in medicine, pharmacology, and cosmetology [40–43], and is a by-product of the wood
industry [44], contained in wastewater of some industries [37,45], and also found in the
environment as a result of dimethyl sulfide oxidation in water and soil [40,46].
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Paracetamol (acetaminophen) (Figure 2) is a pharmaceutical drug widely used in
medical practice [48].
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Paracetamol is one of the most popular drugs that relieves pain and fever [48], and
is found in surface waters, groundwater, and wastewater [50]. Given the antibacterial
and antibiofilm properties of DMSO and paracetamol for a number of bacteria, it is ap-
propriate to investigate their effect on the process of MIC, with an emphasis on SRB as
the main component of sulfidogenic corrosively active communities [3]. This study also
has special significance for its the information on the anticorrosive properties of DMSO
and paracetamol.

Previously, Desulfovibrio oryzae strain NUChC SRB1 was isolated from the ferrosphere
of a steel structure that corroded in the soil and identified [51]; its biofilm-forming properties
on artificial polymeric materials polyethylene terephthalate [52,53] and polypropylene [54]
were investigated. The sensitivity of D. oryzae NUChC SRB1 to different concentrations of
DMSO in vitro and the indicators of the microbial corrosion of steel induced by this bac-
terium in the presence of DMSO or paracetamol have not been studied, which determined
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the aim of this study. In this study, the minimum inhibitory and bactericidal concentrations
of DMSO against D. oryzae NUChC SRB1 were studied in vitro; additionally, the impact
of DMSO and paracetamol on D. oryzae NUChC SRB1 and its ability to form biofilm on
steel 3 and induce the corrosion process in an anaerobic environment with bacterial sul-
fate reduction were evaluated. The obtained results deepen the knowledge in the field
of microbiologically influenced corrosion caused by SRB in the presence of biologically
active compounds.

2. Materials and Methods
2.1. Bacterial Strain, Medium, and Cultivation Conditions

A 5-day-old culture of D. oryzae strain NUChC SRB1 (accession number in GenBank
is MT102713.1) [51] with a turbidity of 0.5 McFarland was prepared in sterile 0.85% NaCl.
The liquid Postgate’s “C” medium was used in the experiments [55]. The composition is
given in Table 1.

Table 1. Composition of Postgate’s “C” medium (the main medium) [55].

Compound Mass, g/L of Distilled Water

KH2PO4 0.5
NH4Cl 1.0
Na2SO4 4.5

CaCl2 × 6H2O 0.06
MgSO4 × 7H2O 0.06
sodium lactate 3.5
sodium citrate 0.3

Additional solutions were sterilized separately (0.5 atm for 20 min), which were added
to the main sterile medium immediately before inoculation: yeast extract 5% solution (add
10 mL/L of main medium), FeSO4 × 7H2O 5% solution in 1% hydrochloric acid (add
10 mL/L of main medium); 1 mM Na2S × 9H2O or 1 g of sodium ascorbate with 0.5 mL of
a 1% solution Na2S × 9H2O in a 1% solution of NaHCO3. The nutrient medium should
be transparent. The pH of the medium at a level of 7.5 provided neutralization with a 5%
solution of HCl or sodium carbonate [55]. An indicator of the development of SRB was the
blackening of the culture medium. Cultivation took place under anaerobic conditions and
at a temperature of 29 ± 2 ◦C.

2.2. Medicinal Products Used in the Study

The medicinal product “Dimexide” (manufactured by PJSC “Galychpharm”, Lviv,
Ukraine), containing 100% DMSO, was used in further studies.

The medicinal product “Infulgan” (manufactured by LLC “Yuria-Pharm”, Kyiv,
Ukraine), containing 10 mg/mL paracetamol in an aqueous solution with excipients citric
acid monohydrate, sodium citrate, sorbitol (E 420), and sodium sulfite anhydrous (E 221),
was used in further studies.

2.3. Study of the Sensitivity of SRB to DMSO

The study on the sensitivity of D. oryzae strain NUChC SRB1 to aqueous DMSO
solutions was carried out by the dilution method. In the first series of experiments (first pas-
sage), 10% of the volume of a 5-day culture of D. oryzae NUChC SRB1 (0.5 McFarland) was
added to tubes with sterile liquid Postgate’s “C” medium and an appropriate concentration
of DMSO (from 1% to 100% v/v) to obtain a final bacterial cell count of 1.5 × 107 cells/mL.
In the first series of experiments, the minimum inhibitory concentration of DMSO was
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determined as the lowest concentration at which no growth of SRB was observed. In the
second series of experiments (second passage), solutions from the tubes of the first series
were subcultured into tubes with sterile liquid Postgate’s “C” medium and the minimum
bactericidal concentration of DMSO was determined as the lowest concentration at which
bacterial growth did not occur after subculture. The cultivation in both series of studies
lasted 14 days. The blackening of the medium was used as an indicator of SRB growth.

The scheme of the experiment to study the sensitivity of SRB to DMSO is presented in
Figure 3.
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2.4. Study of Microbiologically Influenced Corrosion Indicators Under the Influence of DMSO and
Paracetamol

The indicators of microbiologically influenced corrosion under the influence of DMSO
and paracetamol were studied using steel samples 3 of size 20 × 20 × 2.5 mm. The samples
were sterilized with 96% ethyl alcohol for 1 min, washed with sterile distilled water, and
placed into sterile liquid Postgate’s “C” medium. A 5-day culture of D. oryzae NUChC
SRB1 (0.5 McFarland) was added into experimental tubes with the steel samples in an
amount of 2% of the total volume. The final concentration of DMSO in the experimental
tubes was 45% (v/v), and paracetamol was 0.2% (w/v). Cultivation lasted 35 days at a
temperature of 29 ± 2 ◦C. After cultivation, the biomass of the biofilm and the corrosion
rate were determined.

To determine the biomass of the biofilm formed by the SRB on the surface of the
steel samples, the crystal violet dye adsorption/desorption method, described earlier, was
used [54].

The corrosion rate of the samples (W, mg/m2 × h) was determined via the gravimetric
method based on determining the difference in the sample mass before and after the
experiment, and taking into account the sample surface area and the experiment time [56].

The scheme of the experiment is presented in Figure 4.
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The experimental variants used in the model experiment of microbiologically influ-
enced steel corrosion are given in Table 2.

Table 2. Variants of the experiment of microbially induced corrosion of steel 3 in a liquid Postgate’s
“C” medium.

Symbol D. oryzae
NUChC SRB1 Steel 3 DMSO Paracetamol

I − 1 + − −
II + 2 + − −
III + + + −
IV − + + −
V + + − +
VI − + − +

1 “+”—component present; 2 “−”—component absent.

2.5. Statistical Analysis of the Results of the Study

The experiments were carried out in 4 replicates (n = 4). Statistical analysis of the
data was carried out using Microsoft Excel 2010 program (the arithmetic mean value and
standard error of mean (SEM) were calculated) and the scientific data analysis program
Past v.4.10 [57]. The statistical significance of the differences was determined by Student’s
t-test and a one-way ANOVA. A 95% probability of differences (p ≤ 0.05) was considered
statistically significant.

3. Results
3.1. Sensitivity of SRB to DMSO by the Dilution Method

The results of the study of the sensitivity of SRB to different concentrations of DMSO
are presented in Figures 5 and 6.
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It was found that DMSO at a concentration of 10% to 100% exhibited antibacterial
properties against the studied SRBs (Figures 5 and 6). The minimum inhibitory concen-
tration of DMSO for sulfate-reducing bacteria D. oryzae NUChC SRB1 was 10%. DMSO
demonstrated bactericidal properties (after the subculture of the culture onto Postgate’s “C”
medium, no growth was observed and the medium did not turn black) at concentrations
higher than 1%, and the minimum bactericidal concentration of this compound in our
experiment was a concentration of 10% (Figures 5 and 6). The absence of antibacterial
properties was noted for DMSO at a concentration of 1%; SRB grew both during the first
and second passages (Figures 5 and 6).

3.2. Indicators of the Microbial Corrosion of Steel Induced by SRB Under DMSO and
Paracetamol Treatment

The results of the study on the indicators of microbial corrosion of steel 3 induced by
SRB D. oryzae in the presence of DMSO and paracetamol are shown in Figure 7 (biofilm
biomass) and Figure 8 (corrosion rate).
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significant compared to option II at p ≤ 0.05; ***—the difference was significant compared to option 
V at p ≤ 0.05. 
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significant compared to option I at p ≤ 0.05; **—the difference was significant compared to option 
IV at p ≤ 0.05; ***—the difference was significant compared to option II and VI at p ≤ 0.05. 

It was found that the biofilm biomass of D. oryzae NUChC SRB1 on steel samples 
(variant II) was 274.2 ± 20.0 mg/m2 (Figure 7). In the presence of DMSO, the medium with 
SRB and steel (variant III) provided a significant reduction in biofilm biomass (by 2.1 
times), which was 129.1 ± 7.0 mg/m2 and on a par with variant IV, with DMSO without 
bacteria (122.8 ± 11.4 mg/m2) (Figure 7). In experiments with the addition of paracetamol 
to the culture of SRB (variant V), neither a stimulating nor an inhibitory effect on biofilm 
biomass on the surface of the steel samples was observed; the biofilm biomass was 296.1 
± 27.4 mg/m2, which was on a par with variant II (Figure 7). The mass of the adsorbed 
crystal violet dye under sterile conditions of variant VI with the addition of paracetamol 
(64.0 ± 5.0 mg/m2) did not differ from this indicator for the sterile Postgate’s “C” medium 
(variant I): 75.8 ± 4.4 mg/m2 (Figure 7). 

During the experiment, the corrosion rate of the steel samples of steel 3 in variant II 
in the presence of D. oryzae NUChC SRB1 (22.51 ± 1.43 mg/m2 × h) was significantly higher, 
1.3 times, than in the sterile conditions of variant I (17.20 ± 0.51 mg/m2 × h) (Figure 8), 

Figure 7. Biofilm biomass of D. oryzae on the surface of steel 3: I—steel 3 without bacteria;
II—steel 3+SRB; III—steel 3+SRB+DMSO; IV—steel 3+DMSO; V—steel 3+SRB+paracetamol;
VI—steel 3+paracetamol; *—the difference was significant compared to option I at p ≤ 0.05; **—the
difference was significant compared to option II at p ≤ 0.05; ***—the difference was significant
compared to option V at p ≤ 0.05.
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Figure 8. Steel corrosion rate: I—steel 3 without bacteria; II—steel 3+SRB; III—steel 3+SRB+DMSO;
IV—steel 3+DMSO; V—steel 3+SRB+paracetamol; VI—steel 3+paracetamol; *—the difference was
significant compared to option I at p ≤ 0.05; **—the difference was significant compared to option IV
at p ≤ 0.05; ***—the difference was significant compared to option II and VI at p ≤ 0.05.

It was found that the biofilm biomass of D. oryzae NUChC SRB1 on steel samples
(variant II) was 274.2 ± 20.0 mg/m2 (Figure 7). In the presence of DMSO, the medium
with SRB and steel (variant III) provided a significant reduction in biofilm biomass (by
2.1 times), which was 129.1 ± 7.0 mg/m2 and on a par with variant IV, with DMSO
without bacteria (122.8 ± 11.4 mg/m2) (Figure 7). In experiments with the addition of
paracetamol to the culture of SRB (variant V), neither a stimulating nor an inhibitory effect
on biofilm biomass on the surface of the steel samples was observed; the biofilm biomass
was 296.1 ± 27.4 mg/m2, which was on a par with variant II (Figure 7). The mass of the
adsorbed crystal violet dye under sterile conditions of variant VI with the addition of
paracetamol (64.0 ± 5.0 mg/m2) did not differ from this indicator for the sterile Postgate’s
“C” medium (variant I): 75.8 ± 4.4 mg/m2 (Figure 7).

During the experiment, the corrosion rate of the steel samples of steel 3 in variant II in
the presence of D. oryzae NUChC SRB1 (22.51 ± 1.43 mg/m2 × h) was significantly higher,
1.3 times, than in the sterile conditions of variant I (17.20 ± 0.51 mg/m2 × h) (Figure 8),
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which indicates a low corrosion activity of D. oryzae NUChC SRB1. It was also found
that the presence of DMSO in the medium with SRB (variant III) did not affect the rate
of microbial corrosion (19.73 ± 0.45 mg/m2 × h), which was at the same level as that of
variant II without DMSO (Figure 8). Thus, DMSO, despite its antibacterial and antibiofilm
properties against SRB (Figures 5–7), does not provide a reduction in the corrosion rate
under anaerobic sulfate-reduction conditions (Figure 8). However, an increase in the
corrosion rate under these conditions was also not observed, while in the presence of
DMSO in sterile conditions (variant IV), a slight (1.4-fold) significant stimulation of the
steel corrosion rate was observed (24.24 ± 0.97 mg/m2 × h) (Figure 8). The corrosion rate
of steel 3 when paracetamol was added to the medium with bacterial sulfate reduction
(variant V) significantly increased (3.0 times compared to variant I, and 2.6 times compared
to variant VI), and amounted to 52.40 ± 2.27 mg/m2 × h (Figure 8). Therefore, paracetamol
showed a stimulating effect on the rate of the microbial corrosion of steel induced by SRB.

4. Discussion
Dimethyl sulfoxide and paracetamol are compounds that exhibit biologically active

properties. A number of authors detect the antibiofilm properties of DMSO, which was
also shown by us at a concentration of the compound of 45%. In particular, the inhibition
of biofilm formation under the influence of DMSO was noted for the following bacteria:
Burkholderia cepacia, B. pyrrocinia (clinical isolate), P. aeruginosa [30], S. aureus strains 72, 80,
510, ATCC 29213 [29], P. aeruginosa (PAO1), E. coli [58], E. coli UTI89, UTI89csgA, MC4100,
MC4100csgA [59], E. coli ATCC 1299, P. aeruginosa ATCC 10145, and Salmonella typhimurium
ATCC 14028 [31]. Summer et al. [60] emphasized the scientific rigor of using DMSO as a
solvent in antibiofilm assays. The authors demonstrated that DMSO at concentrations of
0.03–25% significantly inhibited biofilm formation by P. aeruginosa, but not by Streptococ-
cus pneumoniae. In addition, it acts synergistically with standard antibiotics at very low
concentrations (<1%). Nevertheless, intermediate concentrations of DMSO (~6%) strongly
promoted the growth of P. aeruginosa biofilms [60].

The antibacterial properties of DMSO revealed are consistent with the results of other
researchers. In particular, the antibacterial properties of DMSO via the serial dilution
method were detected against Paenibacillus larvae, Melissococcus pluton, and Paenibacillus
alvei [28], isolates of the bacteria Staphylococcus aureus, S. aureus var. albus, β-hemolytic
streptococci, Corynebacterium acnes, Corynebacterium species, Alcaligenes faecalis, Escherichia
coli and Proteus [26], Staphylococcus epidermidis MTCC 435, Pseudomonas oleovorans MTCC
617, Vibrio cholerae MTCC 3906, Shigella flexneri MTCC 1457 and Salmonella paratyphi A [27],
and Pseudomonas aeruginosa [61]. The increase in cell permeability is one of the effects caused
by DMSO [62,63]. According to Basch and Gadebusch [61], the minimum inhibitory con-
centration of DMSO in vitro for P. aeruginosa is 8%. The changes in microbial-community
participants in laboratory-scale bioreactors were observed as the DMSO concentration
exceeded 2% [64]. According to the authors, DMSO was toxic to bacteria at a high con-
centration since a large amount of methanesulfenic acid was formed as a result of DMSO
degradation, assuming less the harmful effect of DMSO as a solvent at a concentration less
than 2% [64]. The repression effect of 1% DMSO on nitrite reductase (nir) gene expression
was detected during the partial denitrification (PD) process [65], with an almost complete
inhibition of the NIR enzyme activity as the concentration increases to 3.5%. However,
the activity of another enzyme of the PD process, nitrate reductase, was not affected by
DMSO [65].

Our data on the bactericidal properties of DMSO against SRB D. oryzae are consistent
with previously published results with other species of bacteria. Given that DMSO provides
greater membrane permeability for various ions [63], it is possible that a combination of the
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solvent and other bactericides would intensify antimicrobial effect and decrease required
active concentration of the latter.

DMSO also exhibits phytotoxic properties against Oryza sativa L. plants [37], Phaseolus
vulgaris, Pisum sativa, Hordeum vulgare, Secale cereale [66], and Raphanus raphanistrum subsp.
sativus (L.) Domin. [39].

Paracetamol is one of the drugs widely used in medical practice [48]. Paracetamol
has a high degree of toxicity at concentrations of 500, 400, 300, 200, 100, 50, 25, 5, and
1 mg/L, demonstrating a cytotoxic effect (the inhibition of root growth, the presence of
anomalies, and a significant micronuclear index) in an ecotoxicological bioassay with Lens
culinaris and Pisum sativum [38]. Paracetamol is known as a compound that can affect the
formation of biofilms by microorganisms, but with different effects. Thus, the stimulating
effect of paracetamol on the formation of biofilms of S. aureus was noted in the work of
Sultan et al. [67]. However, the inhibition of biofilm formation by paracetamol has been
demonstrated for the E. coli [32] and P. aeruginosa [68,69], and Acinetobacter baumannii [68]
river microbial communities [70]. In our study, paracetamol (0.2%) in the form of the drug
“Infulgan” did not affect biofilm formation by SRB.

DMSO and paracetamol are able to affect the corrosion process development. It was
reported that DMSO (45%) inhibits corrosion processes in the presence of a soluble inert
inorganic salt of a strong base and a weak acid dissolved there in oxygen-free media [33].
In addition, the effectiveness of the corrosion inhibition of the low-carbon steel by dimethyl
sulfoxide-treated starch of Dioescorea hispida in a sodium chloride medium was demon-
strated [34]. It was noted that DMSO has a very low level of corrosivity [71]. In our study,
no effect of DMSO (45%) on the corrosion rate of steel 3 under the conditions of microbial
corrosion induced by SRB was observed. The slight increase in the corrosion rate of steel 3
under sterile conditions and the presence of DMSO are consistent with the report of a low
level of corrosivity of this compound [71], as well as with the data of Rastogi et al. [72] on
the corrosion process development in HCl solutions in the presence of DMSO.

Paracetamol is known for its anticorrosion properties under acid corrosion condi-
tions [21]. It was noted that the observed effectiveness of paracetamol (from 0.755 × 10−2%
to 0.15%) in inhibiting the corrosion process on copper (about 96% at the highest concentra-
tion 0.15%) was achieved by adsorption on the surface of this metal [36]. The potential of
paracetamol (at concentrations of 0.755 × 10−2–0.0275%) as a corrosion inhibitor was also
shown in experiments with low carbon steel in a 1.0 mol/L H2SO4 solution [35]. However,
in our study, the stimulation of the corrosion process by paracetamol was established,
which may be associated with the peculiarities of the experimental conditions (anaerobic
bacterial sulfidogenic environment), which may contribute to the anaerobic degradation of
this compound [73,74].

Therefore, the presence of DMSO and paracetamol should be taken into account in
environments that contain SRB, and are critical from the point of view of corrosion damage.
In particular, the active development of sulfate-reducing bacteria and their involvement in
microbial corrosion processes occurs in wastewater treatment plants [75,76]. DMSO and
paracetamol were detected in wastewater at the concentrations of 0.05–0.08% (DMSO) [37]
and 0.7 × 10−8–0.246 × 10−4% (paracetamol) [50]. It should be noted that microorganisms
have a high ability to reduce DMSO to dimethyl sulfide both in soil [77] and aquatic envi-
ronments [78]. Of the 144 strains tested (both fungi and bacteria), only 5 strains were not
capable of reducing DMSO [78]. It was also reported that 65 bacterial species belonging to
33 genera and over 300 strains are capable of reducing DMSO, while 26 bacterial species are
not [79]. Most species that do not reduce DMSO are enteric bacteria belonging to the genera
Salmonella, Shigella, and Proteus [79]. There has been some ambiguity in the reduction of
DMSO by sulfate-reducing bacteria, with the results being both positive and negative,
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depending on the species and strain of bacterium studied [79]. However, there are re-
ports that the representatives of sulfate-reducing bacteria from the genera Desulfobacterium,
Desulfobacter, and Desulfovibrio are able to reduce DMSO [80]. The authors suggest that in
anoxic marine environments, the reduction of DMSO by sulfate-reducing bacteria may lead
to increased dimethyl sulfide emissions [80]. The genes encoding enzymes with DMSO
reductase activity have been identified not only in bacterial, but also archaeal genomic se-
quences [81–84]. Paracetamol is also subject to microbial degradation [74,85–87], including
Pseudomonas, Bacillus, Acinetobacter, and Sphingomonas genera with acylamidohydrolase,
deaminase, and hydroquinone 1,2-dioxygenase activity to transform paracetamol [88] and
SRB [87], which have the enzyme aldehyde oxidoreductase (for example, in Desulfovibrio
desulfuricans ATCC 27774) which is involved in the bioremediation of paracetamol [89].
Archaea have also been associated with the biodegradation process of paracetamol (ac-
etaminophen) [63]. Changes in the structure of bacterial and archaeal communities in the
acetaminophen sludges were observed [90]. Therefore, it is important to further investigate
the indicators of the microbial corrosion of steel induced by SRB at the concentrations of
DMSO and paracetamol found in wastewater.

5. Conclusions
Sulfate-reducing bacteria Desulfovibrio oryzae NUChC SRB1 are sensitive to DMSO.

DMSO (45%) showed toxic (bactericidal and antibiofilm) properties against the studied
sulfate-reducing bacteria, but did not show anticorrosion properties under the conditions of
microbial corrosion induced by D. oryzae NUChC SRB1. Paracetamol (0.2%) did not show
toxic properties against SRB biofilm formation under these conditions, and contributed
to the increase in the rate of the microbial corrosion of steel. The obtained results deepen
the knowledge in the field of microbiologically influenced corrosion caused by SRB in the
presence of compounds with bioactive properties. The prospect of further research is to
assess the effect of DMSO and paracetamol on the indicators of microbial corrosion induced
by SRB under the influence of the concentrations of these compounds found in wastew-
ater, to clarify the possible additional causes of damage to the equipment of wastewater
treatment plants in the form of these polluting compounds. The complexes of DMSO and
various antimicrobial compounds should be another field of further research since DMSO
demonstrates antimicrobial features and can increase membrane permeability. This would
be the grounds for the development of an eco-friendly drug against microbiologically
influenced corrosion.
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