
Heliyon 8 (2022) e12307
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Impact of simulated microgravity on bioremoval of heavy-metals by
Lactobacillus acidophilus ATCC 4356 from water

Zahra Afsharian a, Maryam Salavatifar b, Kianoush Khosravi_Darani c,*

a Department of Food Science and Technology, National Nutrition and Food Technology Research Institute, Faculty of Nutrition Science and Food Technology, Shahid
Beheshti University of Medical Sciences, Tehran, Iran
b Aerospace Research Institute, Ministry of Science, Research and Technology, Tehran, Iran
c Research Department of Food Technology Research, National Nutrition and Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, P.O. Box:
19395-4741, Tehran, Iran
A R T I C L E I N F O

Keywords:
Complex stability
Heavy metals
L. acidophilus
Simulated microgravity
* Corresponding author.,
E-mail addresses: k.khosravi@sbmu.ac.ir, kiankh

https://doi.org/10.1016/j.heliyon.2022.e12307
Received 7 March 2022; Received in revised form
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

There are several reports about the effect of gravity removal on some characteristics of microorganisms due to
possible change in surface layer thickness and adherence properties. In this study, bioremoval efficiency of
Lactobacillus acidophilus ATCC 4356 from water under simulated microgravity conditions was investigated.
Furthermore, pretreatment effects (untreated, NaOH, and heat pretreated) of L. acidophilus ATCC 4356 on heavy
metal removal was evaluated on microgravity, as our previous research showed impact of pretreatment on
adherence properties of probiotics to environmental metals. The results showed that ability of L. acidophilus for
arsenic adsorption enhanced following heat-pretreatment in simulated and normal gravity. Moreover, in both
conditions of simulated microgravity and normal gravity NaOH-treated L. acidophilus increased the removal of
cadmium and lead. In none of the conditions, pretreatment of lactobacillus affects mercury removal. Evaluation of
stability of binding of L. acidophilus-heavy metal was investigated to check irreversibility of complex formation
between microorganisms and metals in simulated gastrointestinal conditions. Data showed release of heavy
metals from complex in normal gravity. Obtained results of this research show the favorable potential of simu-
lated microgravity condition to increase bioremoval capacity of L. acidophilus for heavy metals.
1. Introduction

Gravity is one of the most important physical factors in the environ-
ment of inhabitants of the earth, which has a great impact on them.
Microbiota, like other organisms, have been affected by this force and have
adapted to that. Any alterations in gravity have led to changes in micro-
biota composition, as well as, growth rate, secondary metabolites pro-
duction, biofilm formation, pathogenicity, and gene expression of them
(Senatore et al., 2018). Recent studies have shown that gravity reduction
can affect the cellular functions of microorganisms (Huang et al., 2018).
Some of these studies about the bacteria mainly included, L. acidophilus
(Shao et al., 2017; Stahl et al., 2016), Escherichia coli (Yim et al., 2020),
Bacillus subtilis (Arotupin et al., 2019), Salmonella typhimurium (Wilson
et al., 2002), Pseudomonas aeruginosa (Kim et al., 2013), Staphylococcus
aureus (Rosado et al., 2010), Streptococcus pneumoniae (Allen et al., 2007),
Streptomyces hygroscopicus (Fang et al., 2000), the fungi mainly included
Saccharomyces cerevisiae (Van Mulders et al., 2011) and Candida albicans
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(Crabb�e et al., 2013); and the archaea included Haloarchaea (Dorn-
mayr-Pfaffenhuemer et al., 2011). One of the consequences of gravity
changes on microorganisms can be related to human health (Benoit et al.,
2006). Since biological studies in real space conditions are not
cost-effective due to high costs and frequent missions, scientists are trying
to simulate the space environment on earth, and without doing space
travel to study the effects of space on biological microorganisms (Haje-
brahimi, 2017). So that, most experiments with simulated microgravity
(SMG) by ground-based simulators are performed. Microgravity simulators
are devices that simulate weightlessness by rotating the sample around a
horizontal axis. Microgravity refers to the conditions that the gravitational
forces are not entirely equal to zero but are very close to zero (approxi-
mately 10�3 to 10�6 g) (Huang et al., 2018). Among the types of
ground-based microgravity simulators, it could mention to 2-D clinostat,
3-D clinostats or random positioning machines, high-aspect rotating ves-
sels, rotating wall vessels, rotating-wall bioreactor, rotary cell culture
system, and diamagnetic levitation apparatus (Huang et al., 2018).
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Environmental pollution entering the body through water, air, and
food, has devastating effects on human health (Abdel-Megeed, 2021;
Breton et al., 2013). Heavy metals such as arsenic, cadmium, lead, and
mercury are some of these pollutants, and elimination of them from
the body is on the research agenda (Ahmed et al., 2017; Feng et al.,
2022). Several studies have proven that probiotic bacteria have the
ability to absorb heavy metals and remove pollution caused by them
(Massoud and Zoghi, 2022; Mirmahdi et al., 2022). The Lactobacillus
bacteria can absorb and remove some extent of these heavy metals
(Singh et al., 2022; Majlesi et al., 2017). Gut microbiota and its me-
tabolites in addition to modifying absorption, metabolism of heavy
metals, oxidative stress, and modulating the pH act as a physical
barrier and regulate detoxification enzymes or protein expression
(Breton et al., 2013). The detoxification mechanism of heavy metals
by gut microbiota is carried out via the binding of metallic ions to the
cell wall of bacteria. Further, probiotic bacteria transformed from a
more toxic form to less toxic (Liu et al., 2009). Probiotics are widely
used for bioremoval of toxins (Massoud et al., 2018; Zoghi et al.,
2014, 2017, 2019) as well as heavy metals including As, Hg, Pd and
Cd (Hadiani et al., 2018a, 2018b, 2019), heterocyclic aromatic amines
(Khosravi-Darani et al., 2019), and even pesticides (Massoud et al.,
2020).

The Lactobacillus species have a high adsorption capacity for heavy
metals because of the large amounts of peptidoglycan and teichoic acids
in their cell walls. Many studies have shown that Lactobacillus has a high
tolerance and tendency to absorb heavy metals in water and food (Xu
et al., 2019; Khosravi et al., 2020). Few studies had been reported to
show changes in physiology, morphology, and even pathogenicity of
some microorganisms stimulating impact of simulated microgravity
which could be explained by change in surface layer thickness and
agglomeration properties of microorganisms (Salavatifar et al., 2023).
Although, there are some documents for increased virulence, antibiotic
resistance, and gene expression during microgravity experience of some
bacteria, there is no report on possible changes on probiotics capacity in
biosorption of heavy metal. Also, based on our previous research, we
assumed possible impact of pretreatment on adherence properties of
probiotics.

So, in this research for the first time the impact of microgravity on
bioremoval efficiency of heavy metals has been investigated. There are
not enough reports about the effect of microgravity conditions on the
biosorption of heavy metals by Lactobacillus bacteria. In this study, the
effect of simulated microgravity conditions as well as pretreatments has
been investigated on bioremoval of As, Pb, Hg, and Cd by L. acidophilus.
Also, the stability of L. acidophilus-heavy metal complexes under simu-
lated gastrointestinal tract (Yigit and Velioglu, 2020) conditions was
evaluated.

2. Materials and method

2.1. Biomass and bacterial culture preparation

L. acidophilus ATCC 4356 was taken from Tak Gene Zist, Tehran, Iran.
It was routinely aerobic cultured in MRS (provided from Merck (Darm-
stadt, Germany)) broth at 37 �C for 24 h seed culture was prepared with 5
ml of master culture to 50 ml MRS broth and incubated at 37 �C for 48 h
(Vinderola and Reinheimer, 2000).
2.2. L. acidophilus pretreatments: bacteria cells

L. acidophilus cell autoclaved 20 min at 121 �C for Heat pretreatment.
The NaOH pretreatment L. acidophilus cell at the first mixed 0.1 N NaOH
at 37 �C for 1 h, then samples were centrifuged to remove supernatants.
Triple time we washed bacterial cells with sterile distilled water and
centrifuged them. These conditions were ready for to removal of multi-
metals solution (Wang et al., 2015).
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2.3. L. acidophilus biosorption aqueous solution of heavy metals

Analytical reagent chemicals were purchased fromMerck, Darmstadt,
Germany except for Standard solutions of As (1000 mg L�1 in 0.1 M
HNO3), which were provided from Panreac (Panreac Quimica SA, Spain,
Barcelona). At the first 700 μg of each metal; Pb (10 mg L�1 in HCl 10%),
Cd (10 mg L�1 in HCl 10%), As (10 mg L�1 in HCl 10%), and Hg (10 mg
L�1 in HCl 2%) were mixed with 6.2 mL of sterile deionized water and
adjusting pH to 4 by HCl and NaOH 0.1 M, then added 1 ml L. acidophilus
to a solution (2.6 � 1012 CFU mL�1). Finally, this mixed solution was
incubated for 24 h at 37 �C under SMG (Afraz et al., 2020).

2.4. Preparation of simulated gastric and small intestinal juice

Patulin, pepsin, bile salts, and pancreatin were purchased from
Sigma-Aldrich, Darmstadt, Germany. Simulated gastric juice was pre-
pared by pepsin (3g L�1) in a sterile NaCl (0.5 % w/v) and adjusting the
pH to 2 using HCl. Simulated small intestinal juice was prepared by
pancreatin (1 g L�1) and bile salt (1.5 g L�1) in sterile NaCl (0.5 % w/v)
and adjusting the pH to 8 with 0.1 mol L�1 NaOH. Both gastric and small
intestinal juices were sterilized using 0.45-μm membranes filter (Nalge
Co., Rochester, USA). These were freshly prepared. After 24 h of bio-
sorption under SMG, 10 ml of each metal-bacteria solution was inserted
to 40 ml of simulated gastric juice then vortexed (Vortex Genie 2, Sci-
entific Industries, Bohemia, USA) for 10 s, and incubated at 37 �C for 2 h
under SMG. After sampling for heavy metals analysis, 10 ml of gastric
solution, was added to 50 ml of simulated small intestinal juice and
incubated at 37 �C for 2 h under SMG, and repeated sampling for heavy
metals analysis (Yin et al., 2018).

2.5. Simulated microgravity condition (SMG)

In the current project, a one-axis clinostat was used (UN00SA, USA)
for SMG, which rotates samples perpendicular to the direction of the
gravity vector (Figure 1). Clinostat was placed in an incubator at 37 �C.
The falcons were filled with samples without any bubbles that disrupt
microgravity. Then samples were well-fixed around the center, and
rotational speed was adjusted to 15 rpm (Salavatifar, 2019).

2.6. Analytical quality assurance

To ensure validity of obtained results of yeast biosorption, method
was the same described before including determining of limit of detec-
tion (LOD), limit of quantification (LOQ), linearity range and accuracy
(recovery level) (Hadiani et al., 2018a). The analyzer limit of quantita-
tion (LOQ) and the analyzer limit of detection (LOD) for Pb and As were 1
μg L�1 and 3.3 μg L�1 respectively, also LOQ and LOD for Cd and Hg were
5 μg L�1 and 1.7 μg L�1 respectively.

2.7. Analysis of heavy metals by inductively coupled plasma-mass
spectroscopy

In this study, the amount of heavy metals concentration was
measured by ICP-MS (Perkin Elmer ELAN 6100 DRC-e). Device condi-
tions for testing were included, Nebulizer Gas Flow: 0.69 L/min, ICP
Radio Frequency (RF) generator power: 1100 W, Lenz Voltage: 6V,
Analog Stage Voltage: -2300V, Pulse Stage Voltage: 1600 V. The ICP-MS
experiments were carried out in triplicate for each sample.

2.8. Statistical analysis

In this study all experiments were carried out in triplicate and data
were expressed as the mean � standard deviation (X � SD). Data pro-
cessing was carried out using SPSS Software v.22.0 (SPSS, Chicago, USA).
Results were used in one-way analysis of variance (ANOVA) to estimate



Figure 1. The 2-D clinostats which used to generate SMG conditions on the ground.
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p-values and confidence levels. For all data p-values < 0.05 were
considered.

3. Results and discussion

3.1. Effects of pretreatments of L. acidophilus ATCC 4356 on heavy metal
removal

In the following figures (Figures 2, 3, 4, and 5) the biosorption of
heavy metal by L. acidophilus in liquid phases after 24 h of exposure to
untreated, NaOH and Heat pretreated of SMG and normal gravity (NG)
conditions were reported. There were significant differences in bio-
sorption of all conditions (P < 0.05).
Figure 2. As concentration in Liquid phases of simulated microgravity (SMG) and nor
treated (a: untreated, b: Heat and c: NaOH) L. acidophilus. Error amount 5% differen
letters between SMG and NG samples, differ significantly (P < 0.05).

3

As shown in Figure 2, in untreated bacteria cells of SMG conditions,
no significant differences between initial concentration and after 24hr
exposure. Also, it reports that in both conditions (SMG and normal
gravity), the lower liquid phases of As concentration was observed in
Heat-treated bacteria cells. Heat-treated L. acidophilus for removing As in
SMG and normal gravity conditions 31.4% and 91.28%, respectively. The
reason for this was exposed more hydrophobic regions to bind to the
toxins which are due to denaturation of the cell wall proteins in LAB
strains and establishment of Maillard reaction products. Several studies
have shown similar results (Pan et al., 2006; Teemu et al., 2008; Tunali
et al., 2006). It has been reported that an iincrement in surface activity
and kinetic energy of the solute with an increase in temperature causes
the removal of heavy metals (Aryal and Liakopoulou-Kyriakides, 2015).
mal gravity (NG) after 24h exposure and simulated gastrointestinal conditions to
t small letters among the same samples, differ significantly (P < 0.05). Capital



Figure 3. Cd concentration in Liquid phases of simulated microgravity (SMG) and normal gravity (NG) after 24h exposure and simulated gastrointestinal conditions to
treated (a: untreated, b: Heat and c: NaOH) L. acidophilus. Error amount 5% different small letters among the same samples, differ significantly (P < 0.05). Capital
letters between SMG and NG samples, differ significantly (P < 0.05).

Figure 4. Pb concentration in Liquid phases of simulated microgravity (SMG) and normal gravity (NG) after 24h exposure and simulated gastrointestinal conditions to
treated (a: untreated, b: Heat and c: NaOH) L. acidophilus. Error amount 5% different small letters among the same samples, differ significantly (P < 0.05). Capital
letters between SMG and NG samples, differ significantly (P < 0.05).
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Figure 5. Hg concentration in Liquid phases of simulated microgravity (SMG) and normal gravity (NG) after 24h exposure and simulated gastrointestinal conditions to
treated (a: untreated, b: Heat and c: NaOH) L. acidophilus. Error amount 5% different small letters among the same samples, differ significantly (P < 0.05). Capital
letters between SMG and NG samples, differ significantly (P < 0.05).
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As shown in Figure 3, NaOH-treated L. acidophilus demonstrated the
highest Cd concentration decrease in SMG and normal gravity (NG)
conditions (Figure 3c). NaOH-treated L. acidophilus demonstrated the
highest remove 57.14% and 61.9% Cd in SMG and NG conditions,
respectively (Figure 3c). Also, Figure 4 demonstrated that concentra-
tions of Pb after 24 h of exposure to NaOH-pretreated L. acidophilus
ATCC were decreased in SMG conditions (Figure 4c). Also, Figure 4
demonstrated that remove of Pb after 24 h of exposure to NaOH-
pretreated L. acidophilus ATCC were 42.85% in SMG conditions
(Figure 4c). NaOH-treatment of lactic acid bacteria cells by altering the
availability of various latent sites, rupturing cell membranes, neutral-
izing acidic chemical groups, and improving cell surface negative elec-
trons can eliminate components porous surface coatings. Therefore, the
electrophilic properties of heavy metals can increase the absorption of
heavy metals in the lactic acid bacteria strains treated with NaOH
treatment. This result is consistent with the results of Guo et al., (2013)
and Wang et al., (2015) that reported pretreatment L. acidophilus had a
high ability to increase patulin absorption (Guo et al., 2013; Wang et al.,
2015). On the other hand, a report by G€oksungur et al., (2005) states
that Heat treatment increases the removal of Cd and Pb by bacterial
lactic acid, which increases access to metal-binding sites on the bacterial
surface.

Based on Figure 5, The most adsorption of Hg for SMG and NG
conditions was shown in untreated bacteria cells. Based on Figure 5,
showed that best biosorption of Hg untreated bacteria for SMG (95.71%)
and NG (99.01%) conditions. As a result, no significant differences be-
tween SMG and NG conditions by untreated bacteria cells. Lactic acid
bacteria (Toolabi et al., 2018) are generally known as probiotic micro-
organisms for decreasing aflatoxins (Hotel and Cordoba, 2001; Zoghi
et al., 2014). The main structural component of the LAB cell wall is
peptidoglycan, teichoic, lipoteichoic acid, proteinaceous S-layer, and
some neutral polysaccharides (Zoghi et al., 2014). According to previous
studies, negatively charged functional groups (such as O–H, C–H, C¼O,
5

and C–O–C) can adsorb cations of heavy metals (Chen et al., 2016; Xing
et al., 2017). Moreover, S-layer proteins in the L. acidophilus cell wall
cause the filling of the cell surface with anionic compounds to absorb the
cationic metal ions (Gerbino et al., 2011). The rapid removal of Hg by
aminated L. acidophilus indicates that the binding occurs at the bacterial
surface and the peptidoglycan layer of the L. acidophilus cell wall plays
main role in adsorption of heavy metal (Tripathi et al., 2012; Zoghi
et al., 2014).

3.2. Stability assessment of L. acidophilus–heavy metal complex through
simulated gastrointestinal conditions

Changes in heavy metal concentration following exposure to pre-
treated (heat and NaOH) L. acidophilus ATCC 4356 (2 h in simulated
gastric juice, 2 h of exposure to the simulated small intestinal condition)
are shown in Figures.

As illustrated in Figure 2, considering that Heat-treated L. acidophilus
was mighty to reduce the concentration of As in normal gravity (NG)
conditions, but after simulated stomach conditions more bonds were
released and it could not maintain any As binding. Also, no significant
differences between initial concentration and intestinal conditions in all
treated L. acidophilus (untreated, heat, and NaOH treated) normal gravity
conditions. These results were similar to the Petruzzi et al. results (Pet-
ruzzi et al., 2016). However, in the SMG conditions, the best ability of As
bioremediation belongs to heat-treated L. acidophiluswere after simulated
stomach conditions (68.57%) and after simulated intestinal conditions
(92.85%). As you can see in Figure 3, pretreatment of L. acidophilus cells
using all treated led to the highest Cd concentration absorption (97.14%)
after simulated intestinal conditions in SMG conditions. Also, for normal
gravity conditions, biosorption of Cd increased after simulated stomach
conditions by untreated L. acidophilus (37.71%). The best removed in
normal gravity conditions is related to NaOH-treated L. acidophilus
(71.57%) after simulated intestinal conditions.
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Regarding absorption of Pb in normal gravity conditions, after
exposure to simulated stomach conditions release of Pb increased but
after exposure to simulated intestinal conditions biosorption of Pb was
increased. In connection with SMG conditions, no significant differences
between treated bacteria cells (untreated, heat and NaOH treated) were
observed after simulated intestinal conditions. In connection with SMG
conditions, NaOH treated L. acidophilus could remove 80% after simu-
lated gastric conditions. Also, heat and NaOH treated L. acidophilus could
remove 97.14% after simulated intestinal conditions. Consequently, high
concentrations of Pb were removal after exposure to under simulated GIT
conditions in SMG conditions (Figure 4).

According to Figure 5, in all NG conditions, some Hg ions were
released after exposure to simulated stomach conditions and this action
continued after simulated intestinal conditions. Thus, stable
L. acidophilus-Hg complexes did not occur in simulated GIT conditions.
Even, there was no significant difference between the initial concentra-
tion and after exposure to simulated intestinal conditions (except un-
treated bacteria). In SMG conditions, the trend of increasing adsorption
simulated GIT conditions of all treatments was ascendant, so that in
gastrointestinal conditions, Hg concentration reached its lowest value,
and the highest stability related to L. acidophilus-Hg complexes in intes-
tinal conditions was observed for all treatments. The NaOH-treated
L. acidophilus-Cd and L. acidophilus-Pb complexes showed the best sta-
bility in simulated GIT conditions compared to other complexes for both
conditions in Figures 2 and 3. Generally, after exposure to simulated
intestinal conditions biosorption of all metals in this study for SMG
conditions was enhanced by treated and untreated cells.

According to previous studies, factors affecting the metal removal of
microorganisms include microbial strains, environmental conditions, pH,
temperature, cell wall structure and surface charge (Afraz et al., 2020;
Banwo et al., 2021; Zoghi et al., 2014).

Based on the results, the adsorption of heavy metals using
L. acidophilus ATCC 4356 was somewhat reversible under simulated GIT
conditions in normal gravity conditions. It might be due to the simulta-
neous chemical and physical adsorption in the heavy metal adsorption
process. Zoghi et al. stated reversibility of binding indicating the signif-
icance of non-covalent electrostatic bonds (hydrogen and Van der Waals
bonds) (Zoghi et al., 2021). In another study, potential probiotic capacity
against Cd toxicity was screened with 33 strains of lactic acid bacteria
(Toolabi et al., 2018). The results noted that Lactobacillus plantarum
CCFM8610 showed significantly better binding ability and Cd tolerance
than the other tested strains (Zhai et al., 2015). Henceforth, Elsanhoty
et al. reported that the complex of M1-LAB (L. rhamnosus TISTR 541 and
L. Plantarum EMCC) was stable under simulated GIT conditions (Elsan-
hoty et al., 2014).

The results of SMG conditions showed significant performance under
GIT conditions. So that in the simulated intestinal conditions had the
highest absorption of heavy metals compared to the simulated stomach
conditions, which could be due to the effect of pH on the removal of
heavy metals. According to studies, the lowest Heavy metal removal
occurs at pHs below 2–3 and the highest Heavy metal removal occurs at
pHs above 3.

Also, maximum absorption is often achieved at pH 4–6 (Aryal and
Liakopoulou-Kyriakides, 2015). In addition, it has been inferred that one
of the obstacles to metal ion adsorption is the high aggregation of Hþ
ions. However, high pH leads to an increase in the number of negatively
charged ligands that adsorb metal cations (Afraz et al., 2020).

Changes in gravity can lead to changes in cell types. Thus, micro-
gravity is a specially environmental condition for cell types that some of
the significant effects of this environment include reduction or elimina-
tion of shear stress and low-turbulence environment. Such conditions
lead to changes in microorganisms, such as changes in growth rate,
changes in the production of secondary metabolism, changes in patho-
genicity, changes in resistance to environmental stresses, including an-
tibiotics, changes in genetic, and changes in morphology and physiology
6

are some of these (Nickerson et al., 2004; Senatore et al., 2018). In the
human body, environments with low shear stress and low turbulence due
to weightlessness were found (Senatore et al., 2018).

Differences in movement properties of the strains are one of the
characteristics of microbial growth that was SMG, were investigated.
In a study by Baker, two bacteria were isolated, Sphingobacterium
thalpophilium that was motile and flagellated, and Ralstonia pickettii
that was non-motile and not flagellated, were inoculated into the
water, high and low concentrations of nutrient broth and subjected to
SMG. The results showed no significant differences between SMG and
the normal gravity control regardless of the method of enumeration
and medium for Sphingobacterium thalpophilium. While Ralstonia pick-
ettii had significantly higher numbers in high nutrient broth under
SMG compared to normal gravity. According to the experiments per-
formed, microgravity depended on the strain used (differences in
motility), enumeration method, and nutrient concentration (Baker and
Leff, 2004).

4. Conclusion and future perspective

Water and food heavy metal contamination is the major problems in
maintaining public health. One of the safe strategy to minimize and
even completely eliminate these types of contamination is biosorbtion
of them by bacteria. Exopolymeric substances in bacterial outer mem-
brane are able to effectively bind to positively charged heavy metals
(Gupta and Diwan, 2017). Any agent that increases the thickness of the
bacterial exopolymeric substances will improve the removal capacity of
heavy metals. Due to the increasement of exopolymeric substances of
some bacteria under microgravity condition compared to normal
gravity (Mauclaire and Egli, 2010), in the current study, potency ab-
sorption of heavy metals metals (As, Cd, Pb, and Hg) from water by
L. acidophilus ATCC 4356 was investigated. The results showed that
biosorption of As increased by Heat-pretreated L. acidophilus for both
SMG (31.42%) and NG (91.28%) conditions. Also, we observed that Cd
(57.14% and 61.9%) and Pb (42.85% and 83%) absorption were
increased by NaOH-pretreated L. acidophilus respectively in SMG and
NG conditions, but according to the results, biosorption of Hg by un-
treated bacterial cells was more effective for both conditions SMG
(95.71%) and NG (99.01%). Regarding absorption of Hg and As con-
centration in normal gravity conditions, the highest release was
observed after exposure to simulated intestinal conditions in all treated.
While the biosorption of Cd and Pb were increased after exposure to
simulated intestinal conditions compared to exposure to simulated
stomach conditions. For SMG conditions, the highest stability related to
L. acidophilus-Heavy metals complexes in GIT conditions were observed
for all treatments. Taken together, these experiments indicate that in
SMG conditions desired Heavy metals decrease levels by pretreated
(NaOH and Heat pretreated) L. acidophilus ATCC 4356 occurred Due to
the incensement of heavy metals biosorption by this bacteria in under
simulated microgravity conditions, the results of this project can be
used in the food industry to elimination of these contaminations. Ac-
cording to that the adsorption of the heavy metals by L. acidophilus
ATCC 4356 is controlled by many functional factors, our study is not
perfect enough, needs more assessment in this field. So for preciseness,
future studies should take another important aspect into attention:
bacterial strains, assess the possible binding sites and functional groups
with FTIR, different concentrations of bacteria cells, type of clinostat
(3-D clinostats, high-aspect rotating vessels, rotating wall vessels,
rotating-wall bioreactor, rotary cell culture system, diamagnetic levi-
tation apparatus), and rotation speeds. Obtained results of this research
show the favorable potential of simulated microgravity condition to
increase bioremoval capacity of L. acidophilus for heavy metals. Future
research about investigation of in vivo bioremoval of heavy metals by
probiotics could be recommended and applicable for astronauts and life
on earth.
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