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Delving into the lifestyle of Sundarban 
Wetland resident, biofilm producing, 
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Abstract 

Background  Microbial community played an essential role in ecosystem processes, be it mangrove wetland or other 
intertidal ecologies. Several enzymatic activities like hydrolases are effective ecological indicators of soil microbial 
function. So far, little is known on halophilic bacterial contribution and function on a genomic viewpoint of Indian 
Sundarban Wetland. Considering the above mentioned issues, the aims of this study was to understand the life style, 
metabolic functionalities and genomic features of the isolated bacterium, Salinicoccus roseus strain RF1H. A com-
parative genome-based study of S. roseus has not been reported yet. Henceforth, we have considered the inclusion 
of the intra-species genome comparison of S. roseus to gain insight into the high degree of variation in the genome 
of strain RF1H among others.

Results  Salinicoccus roseus strain RF1H is a pink-red pigmented, Gram-positive and non-motile cocci. The bacterium 
exhibited high salt tolerance (up to 15% NaCl), antibiotic resistance, biofilm formation and secretion of extracellu-
lar hydrolytic enzymes. The circular genome was approximately 2.62978 Mb in size, encoding 574 predicted genes 
with GC content 49.5%. Presence of genomic elements (prophages, transposable elements, CRISPR-Cas system) rep-
resented bacterial virulence and multidrug-resistance. Furthermore, genes associated with salt tolerance, temperature 
adaptation and DNA repair system were distributed in 17 genomic islands. Genes related to hydrocarbon degradation 
manifested metabolic capability of the bacterium for potential biotechnological applications. A comparative pange-
nome analysis revealed two-component response regulator, modified C4-dicarboxylate transport system and osmotic 
stress regulated ATP-binding proteins. Presence of genes encoding arginine decarboxylase (ADC) enzyme being 
involved in biofilm formation was reported from the genome. In silico study revealed the protein is thermostable 
and made up with ~ 415 amino acids, and hydrophilic in nature. Three motifs appeared to be evolutionary conserved 
in all Salinicoccus sequences.

Conclusion  The first report of whole genome analysis of Salinicoccus roseus strain RF1H provided information 
of metabolic functionalities, biofilm formation, resistance mechanism and adaptation strategies to thrive in climate-
change induced vulnerable spot like Sundarban. Comparative genome analysis highlighted the unique genome con-
tent that contributed the strain’s adaptability. The biomolecules produced during metabolism are important sources 
of compounds with potential beneficial applications in pharmaceuticals.
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such as amino acid composition, extinction coefficient, 
instability index, aliphatic index and grand average of 
hydropathy (GRAVY) of the ADC proteins of S. roseus 
RF1H, S. carnicancri, S. cyprini, S. halodurans and S. sedi-
minis were calculated by using Expasy ProtParam tool 
[https://​web.​expasy.​org/​protp​aram/]. Secondary struc-
ture prediction of ADC was carried out by SOPMA from 
the NPS server  [https://​npsa-​pbil.​ibcp.​fr/​cgi-​bin/​npsa_​
autom​at.​pl?​page=/​NPSA/​npsa_​sopma.​html]. S. roseus 
strain RF1H was selected to predict the tertiary structure 
of ADC. SWISS-MODEL [https://​swiss​model.​expasy.​org/] 
was used to build 3D models and the model quality was 
assessed by ProSA-web [https://​prosa.​servi​ces.​came.​sbg.​
ac.​at/​prosa.​php]. Multiple protein sequences were aligned 
with COBALT tool [https://​www.​ncbi.​nlm.​nih.​gov/​tools/​
cobalt/​re_​cobalt.​cgi] to understand the amino acid differ-
ences in the structure. The conserved protein motifs were 
analyzed by MEME tool [https://​meme-​suite.​org/​meme/​
index.​html]. The deduced domains were subjected to find 
protein family using the NCBI conserved domain database 
(CDD) [https://​www.​ncbi.​nlm.​nih.​gov/​cdd].

Biochemical characteristics
Qualitative detection of extracellular hydrolytic enzymes 
like amylase, cellulase, protease, lipase/esterase, catalase 
and carbohydrate fermentation using various sugars like- 
ribose, fructose, starch, mannose and triple sugar (lac-
tose, sucrose, glucose and iron) were performed on agar 
plate assays [63].

Statistical analyses
Statistical analyses of the basic genomic features like 
genome length, GC content, number of CDS etc. were 
performed with a t-test in R Studio [47]. The p-value 
of < 0.05 was considered as significant threshold. Experi-
ments were performed in triplicates. Standard errors 
were calculated and shown in charts as error bars.
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ABSTRACT: A dimer of Pd(II), [(bpy)Pd(μ-OH)2Pd(bpy)]2+, (complex 1)
(where bpy = 2,2′-bipyridyl) has been synthesized at physiological pH (7.4) and
characterized by electronic spectroscopy, electrospray ionization mass spectrom-
etry (ESI-MS) spectroscopy, and Fourier transform infrared (FT-IR) analysis.
Reaction kinetics of 1 with glycine (L1H), L-glutamic acid (L2H), and L-arginine
(L3H) were investigated in an aqueous medium at pH of 7.4 and constant ionic
strength via a spectrophotometer as a function of temperature and different
concentrations of substrate-complex and ligand. The interactions were supported
by two discrete successive steps, i.e., ligand-dependent and ligand-independent
steps. The equilibrium constant of complex formation (outer-sphere association)
and the rate constant during complex-substrate−ligand interaction were
calculated. The Eyring equation was applied to evaluate activation factors (ΔH‡

and ΔS‡), and associative mechanisms of all reactions were proposed.
Thermodynamic parameters (ΔH° and ΔS°) were also estimated from the standard plot of ln KE against 103/T. Spectroscopic
titration of 1 at pH 7.4 in Tris−HCl buffer with calf thymus DNA, electronic emission titration with ethidium bromide (EtBr),
antimicrobial activities, and an agarose gel electrophoresis run of 1 on pBR322 plasmid DNA have shown strong evidence of
anticancer activity. Moreover, it has nontoxic water molecules as leaving groups.

1. INTRODUCTION
Metal-based anticancer chemotherapeutic drugs that are less
toxic to normal cells and more effective to cancerous cells have
been in search ever since the successful clinical application of
cisplatin, cis-diamminedichloroplatinum(II) (cis-DDP) in
cancer therapy.1,2 However, various types of side effects,
such as vomiting, nausea as well as nephrotoxicity, neuro-
toxicity, hemolytic anemia, and ototoxicity, have limited the
wide application of cisplatin as an anticancerous drug.3 Other
newly synthesized Pt(II)-based anticancer drugs viz. carbopla-
tin, nedaplatin, lobaplatin, and oxaliplatin are not as successful
as cisplatin due to severe side effects and no longer have the
clinical advantages.4,5 Moreover, inherent and acquired
resistances have marred the success of cisplatin and limited
its efficacy during chemotherapy.6 The adverse effect of Pt(II)-
based anticancer drugs leads the attention toward the less
toxic7 but similar efficacy of Pd(II) complexes showing iso-
structural pattern (square planar) and analogues with Pt(II)
complexes.8,9 Moreover, Pd(II) complexes could attain rapid
equilibrium in comparison to Pt(II) (105 times faster)10,11

analogues which might be applied as a model complex for
studying the mechanism of interaction of Pt-analogues with
DNA.12

From this background, we have chosen Pd(II)13 as the metal
center and an aromatic ligand having an N,N donor center
(2,2′-bipyridine)14,15 as a building block considering the donor
center of cis-DDP to explore its kinetic and mechanistic
behavior for in vitro studies using three selected amino acids:
glycine, L-arginine, and L-glutamic acids. In addition, such
metal complexes interrelate noncovalently with DNA due to
their planar aromatic rings, which have the potential of
powerful anticancerous drugs.16,17 The calf thymus (ctDNA)
has been used primarily for DNA binding studies during the
development of metallodrugs for chemotherapeutic applica-
tions using different metal-based complexes such as Pd, Cu,
Zn, and Ru.14,18 In vitro studies, such as evaluation of the
linear Stern−Volmer quenching constant (Ksv), ability to
cleave plasmid DNA (pBR 322), and antimicrobial activity of
the complex and ligand, are beneficial to understand the
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4. CONCLUSIONS
The dimer of the Pd(II) complex was synthesized at pH 7.4
and characterized by electronic spectroscopy, FT-IR, and ESI-
MS spectroscopy. Reaction kinetics of 1’s substitution
reactions with the three selected amino acids containing N
and O donor centers at 7.4 pH in the aqueous solution have
been studied to optimize reactivity and selectivity. Low
positive values of enthalpy of activation (ΔH1

≠ and ΔH2
‡)

and high negative values of entropy of activation (ΔS ≠ 1 and
ΔS ≠ 2) for the three reactions suggest a reasonable degree of
ligand participation in the associative mode of the transition
state, which implies ligand-dependent step I. In contrast, step
II is ligand-independent ring closure. The high nucleophilicity
of glycine among the three amino acids leads to greater
stabilization of the transition state with the Pd(II) dimer and
requires the lowest activation enthalpy. In vitro DNA binding
studies suggest a strong interaction of 1 with ctDNA. The
antimicrobial and antifungal activities reveal that 1 can be
active against selected bacterial and fungal strains. Comparing
the Kb and KSV values (Table 6), it is found that 1 has a higher
value than 2 but a lower value than the other (Pd 1, Pd 2, Pd 3,
and Pd 4). So, dimerization from 2 to 1 increases DNA
binding capacity. In the case of Pd 2, Pd 3, Pd 4, and Pd 5,
though they are dimers having a higher DNA binding value
than 1, each of the four has toxic chloride (Cl−) as a leaving
group, while 1 has a nontoxic water molecule as a leaving
group.
Further studies can be carried out to evaluate its

pharmacological properties in vivo and the definite mechanism
of its bioactivity. However, the results of this study can be
beneficial in understanding the reaction kinetics and the
interaction of the Pd(II) complex with amino acids, DNA, and
selected microbes. It can encourage the development and
production of superior anticancer therapeutic reagents. The
following points summarize the novelty of this study, such as a
correlation between kinetic study and bioactivity assay in an
aqueous medium at physiological pH, optimization between
reactivity and selectivity, optimum rate, nontoxic side product
(H2O), and antimicrobial activity.
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A B S T R A C T

In this study, arsenic tolerating bacteria Bacillus pacificus (AKS1a) was isolated from arsenic cont-
aminated groundwater of Purbasthali, Purba Bardhaman, West Bengal, India and its bioremedia-
tion potential was preliminary screened. This multimetal resistant strain was able to grow against
more than 20 mM arsenate and 10 mM arsenite salts. The genome was more than 5.16 Mb in
length, with an average of around 35.2% GC content, bearing 5403 protein coding genes. Arsenic
resistant genes like arsC, arsB, arsR, etc. were also identified. Rapid Annotation using Subsystem
Technology (RAST) identified 328 subsystems within the genome. Presence of six Genomic Is-
lands (GIs) and five phage virus genomic parts indicated its ecological adaptations to overcome
environmental stresses. The production of about 415 μg mL−1 indole acetic acid (IAA),
258.0 μg mL−1 gibberellic acid (GA), and 183 μg mL−1 proline by the bacterium, along with nitro-
gen fixation ability under in-vitro conditions, indicate its plant growth promoting potential. This
was further confirmed through rice seedling growth enhancement under arsenic stress. Beside ar-
senite oxidation to arsenate, its arsenic adsorption property was confirmed through X-ray Fluo-
rescence spectroscopy (XRF), Fourier Transform Infrared spectroscopy (FTIR), and Energy Dis-
persive X-ray spectroscopic (EDS) analysis. Genomic comparisons among 25 different strains of B.
pacificus showed that there are tremendous genetic differences in respect to their accessory
genome content. In future, this strain can be applied as biofertilizer or biostimulant for improving
rice plant growth.

1. Introduction
Arsenic and its detrimental impacts on different organisms are well established today (Sher and Rehman, 2019). Arsenic, a metal-

loid, is ubiquitously distributed in environment and its presence markedly dependent on biotic and abiotic factors like nature of soil,
microbial population, pH, water content, etc. Background concentration of arsenic ranges from 0.1 to 40 mg kg−1 in soil and <0.5 to
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Copper removal capability and genomic insight into the lifestyle of copper 
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A B S T R A C T   

Heavy metal pollution in mining areas is a serious environmental concern. The exploration of mine-inhabiting 
microbes, especially bacteria may use as an effective alternative for the remediation of mining hazards. A 
highly copper-tolerant strain GKSM13 was isolated from the soil of the Singhbhum copper mining area and 
characterized for significant copper (Cu) removal potential and tolerance to other heavy metals. The punctate, 
yellow-colored, coccoid strain GKSM13 was able to tolerate 500 mg L− 1 Cu2+. Whole-genome sequencing 
identified strain GKSM13 as Micrococcus yunnanensis, which has a 2.44 Mb genome with 2176 protein-coding 
genes. The presence of putative Cu homeostasis genes and other heavy metal transporters/response regulators 
or transcription factors may responsible for multi-metal resistance. The maximum Cu2+ removal of 89.2% was 
achieved at a pH of 7.5, a temperature of 35.5 ◦C, and an initial Cu2+ ion concentration of 31.5 mg L− 1. 
Alteration of the cell surface, deposition of Cu2+ in the bacterial cell, and the involvement of hydroxyl, carboxyl 
amide, and amine groups in Cu2+ removal were observed using microscopic and spectroscopic analysis. This 
study is the first to reveal a molecular-based approach for the multi-metal tolerance and copper homeostasis 
mechanism of M. yunnanensis GKSM13.   

1. Introduction 

The term “heavy metal” refers to the group of metallic elements and 
metalloids with high molecular weight and atomic density greater than 
5 g cm− 1 (Dhaliwal et al., 2020). The non-degradable and persistent 
metals such as copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb), 
arsenic (As), nickel (Ni), cobalt (Co), zinc (Zn), and mercury (Hg) 
(Kumar et al., 2021) exacerbate the negative impacts on the ecosystem. 
The bioaccumulation and biomagnification of these heavy metals in 
ecosystems pose an acute threat to the entire food chain (Duruibe et al., 
2007; Das et al., 2022). These pollutants are cytotoxic in nature, create 
gastrointestinal complications, short time memory loss, mental retar
dation, etc. even at low concentrations (Priyadarshanee and Das, 2021). 
In addition, adverse effects on human are generally dose-dependent and 
metal specific. For example, Pb causes oxidative damage by forming 
reactive oxygen species (ROS), Cr (VI) and Cd effect on cellular integrity, 
As and Hg form toxic derivatives of methyl and thiol groups, and Fe 

cause lipid peroxidation (Balali-Mood et al., 2021; Priyadarshanee and 
Das, 2021). 

Among the heavy metals, copper (Cu) is considered an essential 
micronutrient and acts as a cofactor for multiple enzymes and proteins 
involved in photosynthesis, oxidation, nitrogen fixation, and other 
cellular metabolisms (Rehman et al., 2019). According to the World 
Health Organization (WHO), the permissible limit of Cu in drinking 
water is 2 mg L− 1 (Chan et al., 2022). However, several natural and 
anthropogenic activities such as soil erosion, leaching, mining, smelting, 
automobile exhaust, coal combustion, municipal compost, fertilizers, 
pesticides, and fungicides are the major contributors for the excessive Cu 
inputs into the environment (Kumar et al., 2021; Saha et al., 2022). This 
may cause vegetation loss, soil nutrient depletion, and human health 
risks (Shabbir et al., 2020). In humans, Cu toxicity generates free radi
cals within the cell and causes nausea, headache, vomiting, diarrhoea, 
respiratory infections, liver and kidney failure (Rathi and Yogalakshmi, 
2021; Shabbir et al., 2020). Nevertheless, the excessive Cu 
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A B S T R A C T   

Heavy metal pollution in mining areas is a serious environmental concern. The exploration of mine-inhabiting 
microbes, especially bacteria may use as an effective alternative for the remediation of mining hazards. A 
highly copper-tolerant strain GKSM13 was isolated from the soil of the Singhbhum copper mining area and 
characterized for significant copper (Cu) removal potential and tolerance to other heavy metals. The punctate, 
yellow-colored, coccoid strain GKSM13 was able to tolerate 500 mg L− 1 Cu2+. Whole-genome sequencing 
identified strain GKSM13 as Micrococcus yunnanensis, which has a 2.44 Mb genome with 2176 protein-coding 
genes. The presence of putative Cu homeostasis genes and other heavy metal transporters/response regulators 
or transcription factors may responsible for multi-metal resistance. The maximum Cu2+ removal of 89.2% was 
achieved at a pH of 7.5, a temperature of 35.5 ◦C, and an initial Cu2+ ion concentration of 31.5 mg L− 1. 
Alteration of the cell surface, deposition of Cu2+ in the bacterial cell, and the involvement of hydroxyl, carboxyl 
amide, and amine groups in Cu2+ removal were observed using microscopic and spectroscopic analysis. This 
study is the first to reveal a molecular-based approach for the multi-metal tolerance and copper homeostasis 
mechanism of M. yunnanensis GKSM13.   

1. Introduction 

The term “heavy metal” refers to the group of metallic elements and 
metalloids with high molecular weight and atomic density greater than 
5 g cm− 1 (Dhaliwal et al., 2020). The non-degradable and persistent 
metals such as copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb), 
arsenic (As), nickel (Ni), cobalt (Co), zinc (Zn), and mercury (Hg) 
(Kumar et al., 2021) exacerbate the negative impacts on the ecosystem. 
The bioaccumulation and biomagnification of these heavy metals in 
ecosystems pose an acute threat to the entire food chain (Duruibe et al., 
2007; Das et al., 2022). These pollutants are cytotoxic in nature, create 
gastrointestinal complications, short time memory loss, mental retar
dation, etc. even at low concentrations (Priyadarshanee and Das, 2021). 
In addition, adverse effects on human are generally dose-dependent and 
metal specific. For example, Pb causes oxidative damage by forming 
reactive oxygen species (ROS), Cr (VI) and Cd effect on cellular integrity, 
As and Hg form toxic derivatives of methyl and thiol groups, and Fe 

cause lipid peroxidation (Balali-Mood et al., 2021; Priyadarshanee and 
Das, 2021). 

Among the heavy metals, copper (Cu) is considered an essential 
micronutrient and acts as a cofactor for multiple enzymes and proteins 
involved in photosynthesis, oxidation, nitrogen fixation, and other 
cellular metabolisms (Rehman et al., 2019). According to the World 
Health Organization (WHO), the permissible limit of Cu in drinking 
water is 2 mg L− 1 (Chan et al., 2022). However, several natural and 
anthropogenic activities such as soil erosion, leaching, mining, smelting, 
automobile exhaust, coal combustion, municipal compost, fertilizers, 
pesticides, and fungicides are the major contributors for the excessive Cu 
inputs into the environment (Kumar et al., 2021; Saha et al., 2022). This 
may cause vegetation loss, soil nutrient depletion, and human health 
risks (Shabbir et al., 2020). In humans, Cu toxicity generates free radi
cals within the cell and causes nausea, headache, vomiting, diarrhoea, 
respiratory infections, liver and kidney failure (Rathi and Yogalakshmi, 
2021; Shabbir et al., 2020). Nevertheless, the excessive Cu 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Ag–Ag3PO4-BCP nanocomposites hy
drothermally synthesized in neem and 
aloe vera media. 

• Epitaxial attachments of metallic phases 
to mesoporous uniaxial BCP nanorods. 

• Biocompatibility and stability up to high 
dosage for 72 h studied on healthy cells. 

• High interfacial polarization and surface 
charge retention ability for 
osteoconduction. 

• Bulk porosity and unique structure- 
dependent dielectric and mechanical 
properties.  
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A B S T R A C T   

The present work reports the development of novel ternary silver-silver phosphate-biphasic calcium phosphate 
nanocomposites by plant-extract mediated hydrothermal route. Unique epitaxial morphological growth of the 
Ag–Ag3PO4 core-shell structure influences the internal grain-grain boundary arrangement. The green-assisted 
development of the constituent phases helps significant biocompatibility enhancement (~89–93% for 50 μg/ 
mL; 72 h). Hence long-term bone-replacement purposes and polar fluid osmosis are favorable due to higher cell 
attachment on the rough surface of the mesoporous nanocomposites. The heterogeneous attachment between the 
three phases creates defect states indicating intense interfacial polarization, as elucidated by the dielectric 
spectroscopic studies. The surface charge essential for bone regeneration is likely to be developed. Besides, the 
porous nanocomposite compacts exhibit superior phase-composition-dependent mechanical (Hardness ~1.3 
GPa; load 4.9 N) and dielectric properties (permittivity ~1.2 × 103; 200 Hz, 613 K) helping in conduction 
through bones. Thus the green-synthesized ternary nanocomposites exhibit the essential aspects of a promising 
bone-implant material.  
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