Journal of Space Sience and Technology

Pages: 63-71/ Research Paper / Submit: 04 July 2023 / Accepted: 25 September 2023

VOL. 17 / ISSUE 1/ SPRING 2024 (NO. 60)
Print ISSN: 2008-4560 / Online ISSN: 2423-4516
DOI: 10.22034/JSST.2024.1452

Availablein: http://jsst.ias.ir

Cadmium Bioremoval from Water by Probiotics in

Simulated Microgravity and Mars Gravity

Maryam Salavatifar

Assistant Professor, Aerospace Research Institute of Iran Ministry of Science, Technology and Research,

Tehran, Iran

Corresponding Author E-mail: salavati@ari.ac.ir

Abstract:

Earth's gravity changes can affect organisms' behavior and performance. The study of such effects
can lead to the discovery of new practical methods. Heavy metal toxicity poses a lot of risks to
human health. Cadmium, one of the most hazardous heavy metals, cause defects in genome repair
following the induction of oxidative stress and DNA damage and may lead to cancer. Bioremoval by
probiotics is one of these safe methods to remove heavy metals from drinking water. This study
measured the Lactobacillus acidophilus effect on cadmium bioremoval in microgravity and Mars
gravity conditions. The results demonstrated that the 24-hour water treatment by L. acidophilus
removed 43.77% of the cadmium concentration in the Earth's gravity, 54.74% under microgravity,
and 54.84% in Mars's gravity. Statistical analysis showed that L. acidophilus was effective in
cadmium bioremoval, and this ability was maintained even with gravity changes. Therefore, this
bacterium can be used to remove heavy metal pollution during space missions to maintain

astronauts' health.

Keywords: Cadmium, Lactobacillus acidophilus, Probiotic, microgravity, Mars gravity.

1. Introduction

Cadmium is one of the heavy metals that, if it enters the
human body, may cause lung damage, kidney function,
bone damage, and even cancer. Various strategies have
been introduced to remove heavy metals from water. For
example, surface adsorption, membrane filtration, ion
exchange, chemical precipitation, and nanotechnology
treatments are some of these methods. Several studies
have been conducted on the bioremediation of heavy
metals by probiotics, which is a cheap, safe, and useful
method. Lactobacillus acidophilus is one of these
promising probiotics. Different Lactobacillus strains
reduce the bioavailability of metals by their binding. The
main strategy of bioremediation of heavy metals by
probiotics is the ion exchange of peptidoglycan or
teichoic acid of their cell wall to ligand [1].
Microorganisms, like other organisms, are affected by
gravity. It has been proven that the physiology, morphology,
and even pathogenic power of microorganisms have been
changed in weightlessness. These changes can result from
alteration of surface layer thickness and the cumulative

properties of microorganisms. Several researches have
proven that reducing or eliminating gravity (weightlessness)
has affected the microorganism’s characteristics [2]. To the
best of our knowledge, there are limited studies on gravity
changes' effect on the bioremediation of heavy metals by
Lactobacillus bacteria. Therefore, in this study, the L.
acidophilus potency in the cadmium bioremediation was
investigated under microgravity as well as Mars gravity.

2. Material and methods

In order to main biomass preparation, the L. acidophilus
ATCC 4356 was cultured in MRS liquid medium for 24
hours at 37°C. To prepare daily fresh seed culture, 5 ml of
the original culture was added to 50 ml of liquid MRS and
kept for 24 hours at 37°C and 75 rpm rotation. To
bioremoval test, the appropriate volume of cadmium
element with a final concentration of 52.5 pg/liter was
prepared in deionized water [3]. Then, 2x10% CFU/mI of
bacterial biomass was added to the cadmium solution and
placed under microgravity. Also, similar samples were
placed on a clinostat under Mars gravity conditions. Each
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treatment was for 24 hours, at 37°C, and the rotation speed
of the clinostat was 15 rpm [4]. The control samples were
in similar conditions but under Earth's gravity.

At the end of the treatment, the tubes were centrifuged,
and the remaining amount of cadmium in the supernatant
was determined by the ICP-MASS (Inductively Coupled
Plasma Mass Spectromrtry) device. Data analysis was
done with GraphPad Prism software. To compare data in
different treatments, a one-way ANOVA test was used. A
p-value smaller than 0.05 was considered significant. All
tests were repeated three times.

3. Results and discussions

Microorganisms are capable of in heavy metals
bioremediation due to their ability to absorb and stabilize
metal ions. Considering the changes in the surface
structures of some bacteria in reduced gravity conditions
of outer space and also fluctuations in the absorption
power of heavy metals due to such changes [5], in this
study, the comparison of the L. acidophilus cadmium
absorption from water in Mars gravity and microgravity
conditions were studied.

Figure 1 shows that after 24 hours of contact with the
aqueous solution, the bacteria absorbed 54.84% of the
metal in Mars gravity conditions, 54.74% in microgravity
conditions, and 43.77% in 1g. Statistical analysis showed
that L. acidophilus could absorb cadmium with about
50% success. In addition, changes in gravity did not
significantly affect the bioremediation rate of this
bacterium because statistical analysis with a One-way
ANOVA test showed insignificant differences between
different gravity conditions (p-value> 0.05).

Figure 1. The concentration of cadmium after 24h
exposure of liquid phases with L. acidophilus in
variable gravity conditions

(** indicate p- value< 0.01, ns: non-significant).

The results of this study were in line with Afsharian's
2022 [4], although the cadmium removal values in 1 g
of that study were lower. This difference may be due to
metal concentration optimization.

Due to the negative charge of the Lactobacillus cell wall
compounds, these bacteria can bind to positively charged
metal ions and remove them from the environment [6].
Their biosorption power has a direct relationship with
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increasing the thickness of the cell wall, and any
treatment that can increase the thickness of the wall will
improve the bioremediation power of these bacteria.
Changes in gravity provide conditions that, due to
changes in shear stress force, changes may occur in the
morphology, physiology, production of secondary
metabolites, pathogenicity, resistance to environmental
stress, and genetics of cells [6,7]. This study was designed
to consider the changes of extracellular polymers of some
bacteria in microgravity conditions compared to the
natural gravity of the Earth [5]. The results indicated no
difference in the bioremediation rate of cadmium metal in
both microgravity and Mars gravity, compared to the
natural gravity of the Earth's surface. In fact, L.
acidophilus bacteria could absorb and remove cadmium
metal from water with the same strength as in terrestrial
conditions.

4. Conclusions

Probiotics can be used to absorb heavy metals from water and
food. L. acidophilus bacteria surface layers bind to positively
charged heavy metals such as cadmium and separate them
from the solution. The results showed that bacteria retained
this ability even with gravity changes and succeeded in
cadmium bioremediation. The results of this research can use
to remove heavy metal pollution during space missions.
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