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Abstract Bioreduction of hexavalent chromium Cr(VI)
from industrial wastewater has been extensively studied
because of the process’s low cost and high effectiveness.
While several bacteria were found to be capable of
reducing Cr(VI) to the less toxic Cr(IIl), reduction in the
presence of other pollutants is usually not studied. This
study explores the effect of other metals on the chromium
reduction capabilities of the magnetotactic bacteria
Magnetospirillum  gryphiswaldense ~ (MSR-1).  The
bioreduction ability was measured using the activity of the
bacteria’s chromate reductase, an enzyme group that
enables them to perform reduction from Cr(VI) directly to
Cr(IIT). The results showed that the presence of other
heavy metals significantly limited the activity of chromate
reductase. Mercury was identified to be the strongest
inhibitor, reducing the chromium reduction efficiency
from 28.27% to 13.67%, followed by copper, zinc, and
then nickel. These findings can be used to identify which
heavy metals should be treated first to achieve the best
chromium removal from wastewater.
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1. Introduction

Hexavalent chromium Cr(VI) in the environment poses
great risks due to its toxicity, carcinogenicity, and
mutagenicity (Ye et al., 2023). Reduction of Cr(VI) to the
less hazardous Cr(IIl) is an essential method to manage
chromium contamination in wastewater.

Utilizing bioremediation to address this has gained
attention due to its cost-effectiveness, high efficiency, and
environmental compatibility (Ye et al.,, 2023). Use of
magnetotactic bacteria (MTB) gives an advantage of being
separable from the effluent due to its magnetosomes (MS).
These are membrane-bound crystals that allow MTB to
employ magnetotaxis, which is the movement directed by
local magnetic field (Gareev et al., 2021). Results from Wu
et al. (2023) have already proven that Magnetospirillum
gryphiswaldense, an MTB strain, is capable of removing
to 40 mg/L Cr(VI).

Chromate-bearing wastewaters are usually mixed with
other heavy metals that can be toxic to different organisms
such as mercury, nickel, copper, and zinc (Ayele and
Godeto, 2021). These coexisting ions affect the chromium
reduction abilities and mechanisms of bacteria (Chen and
Tian, 2021). Understanding the interactions of such
contaminants with the bacterial enzymes is crucial to the
control of chromium pollution using microbial methods.
Thus, the present work explores the effect of the presence
of different heavy metals on the chromate reductase
activity of MSR-1.

2. Materials and methods
2.1. Bacterial strains and medium preparation

The bacteria Magnetospirillum gryphiswaldense MSR-1T
(DSMZ 6361) was obtained from Leibniz-DSMZ
(Deutsche Sammlung van Mikrooganismen und
Zellkulturen GmbH, Germany). The pre-cultures were
grown in flask standard medium (FSM) as prepared by
Heyen and Schuler (2003). Control is grown in sterilized
ionic washing buffer (IWB) added with potassium lactate
and soybean peptone. All other samples use this
formulation as their base. IWB is composed of 0.1 g
KH,POy4, 0.34 g NaNO3, and 1 mL EDTA chelated trace
mixture (Widdel and Bak, 1992) solution per liter.
Potassium lactate serves as the carbon source and soybean
peptone was selected because of MSR-1’s preference to it.
The added amounts of these two were based on FSM.

2.2. Sample preparation and measurements

MSR-1  was shaken cultured in microaerobic
(1%02:99%N,) serum bottles sealed with butyl-rubber
stopper containing 5 mL FSM for 48 hours at culture
conditions of 30°C and shaking at 120 rpm (Wu et al.,
2023). This was then combined with 35 mL FSM in 100
mL-serum bottles and shaken-cultured under the same
conditions for 16 more hours. The resulting optical density
was measured using UV-Vis spectrophotometer at 565 nm



(ODsgss). The cells were washed twice with 40 mL IWB and
centrifuged at 4°C and 8500 rpm for 10 minutes.

The enzyme crude extracts were prepared by resuspending
the washed cells to IWB and sonicating with cycle of
alternating 30s ultrasonic wave and 30s rest for a total of
10 minutes. Using the calculated OD, samples were
extracted and resuspended to appropriate amounts of IWB
to make 100 mL of samples with supposed ODses of 0.5.
The sulfate salts of the other metal ions (Cu(Il), Zn(II),
Ni(Il), and Hg(Il)) were added at 1 mM concentrations.
Cr(VI) as potassium dichromate (K.Cr,O7) was
supplemented to a final concentration of 10 mg/L. The 1,5-
diphenylcarbazide (DPC) method was used to calculate the
Cr(VI) concentration of the samples and absorbance values
were measured at 540 nm (Su et al., 2021).

3. Results and Discussions

Cr(V]) reduction efficiencies of MSR-1 in the presence of
different heavy metals are shown in Figure 1.
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Figure 1. Cr(VI) reduction efficiencies of MSR-1 enzyme
crude extract exposed to different heavy metals.

The addition of the metal sulfates led to chromium
reduction inhibition of MSR-1’s chromate reductase on
varying degrees. Metal ions, in general, affect microbial
chromate reduction either by destroying cells or by
inhibition of the enzyme responsible for reduction. The
latter usually occurs when metals form complexes that lead
to inactivation of the reductase enzymes (Soni et al., 2012).

The presence of mercury resulted in the biggest decrease
in efficiency to 13.67% versus 28.27% efficiency of the
control. Mercurial salts also decreased chromate reductase
activities in other bacteria such as P. putida, Bacillus sp.,
and E. coli ATCC 33456. These results may be due to
mercury binding on the enzyme systems and causing
denaturation to the reductase protein (Xu et al., 2012).

On the other hand, nickel had the least influence on the
chromate at 19.53% reduction efficiency. Meanwhile, the
addition of zinc resulted in a 17.87% reduction. Zinc had
varying effects on different bacterial species’ chromium
reduction, but its inhibition was mostly credited to the
possibility of it forming mercaptide bonds with sulthydryl
groups of the enzyme molecule (Li et al., 2016).

Various studies showed that copper in low concentrations
stimulated the chromate reduction in several bacteria citing
its ability to act as an electron redox center and aid in

shuttle of electrons between enzyme subunits (Xu et al.,
2012). However, excessive concentration may have led to
inhibitory effects (Chen and Tian, 2021). In this study, the
addition of copper still resulted in the inhibition of
chromate reductase of MSR-1. The trend of the effects of
the metal ions based on the reduction efficiencies is Ni(II)
> Zn(II) > Cu(Il) > Hg(II).
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