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ARTICLE INFO ABSTRACT

Surface active compounds such as biosurfactants and bioemulsifiers have emerged as potential
biomolecules because of their unique structure and diverse properties that are potentially useful
for many therapeutic applications. Biosurfactants and bioemulsifiersof microbial origin have
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Biosurfactants (BSs) and bioemulsifiers (BEs) are thus, amphiphilic
INTRODUCTION molecules mainly produced by microorganisms including bacteria,
yeast and fungi. They possess both hydrophilic and hydrophobic
moieties (Ohadi et al. 2017). They possess the characteristic property
of reducing the surface and interfacial tensions using the same
mechanisms as chemical surfactants. However, BS/BE show better
environmental sustainability, improved foaming properties and stable
activity at extremes of temperature,pH and salinity. These
characteristics make BS/BE superior tothe chemical surfactants
(Sandeep and Rajasree 2017; Gharaei-Fathabad2011; Satpute et al.
2010; Singh and Cameotra 2004). Surfactants synthesized by
microbes have recently received increased attention in scientific
world, due to their unique characteristics relative to their chemical
counterparts. The unique features include non-toxicity,

A surfactant is an amphiphilic agent with both hydrophilic and
hydrophobic structural moieties in its molecule and tends to be
distributed at the interface between liquid phases with different
degrees of polarity (oil/water). Surfactants reduce both surface and
interfacial tension, leading to the capacity for detergency,
emulsification, foaming, lubrication, solubilisation and phase
dispersion. These traits make surfactants one of the most versatile
process chemicals. Surfactants are commercially important due to
various industrial applications of these compounds. These compounds
are used in detergents, textile, leather, paper, chemical processes,

pharmaceuticals, cosmetics, agriculture and food industries (Sobrinho biodegradability. bi tibili focti (1 trati
et al. 2014; Harshada 2014; Gharaci-Fathabad, 2011). Most of the todegradabriity, biocompahi thity, effective at low concentrations
and are synthesized from natural substrates under moderate

environmental conditions (Banat et al. 2000, Singh and Cameotra
2004; Gharaei-Fathabad 2011; Uzoigwe et al. 2015). Moreover, they
can be produced by microbial fermentation using several cheaper
agro-based substrates and waste materials, thereby reducing the
production cost (Sawant et al. 2021; Sandeep and Rajasree 2017;

surfactants, that are commercially available are synthesised from
petroleum derivatives. However, concerns among users and
environmental legislation have led to the search for natural surfactants
as a green alternative to the chemical surfactants. Several natural
compounds with tensioactive properties are synthesised by living
organisms. Compounds of a microbial origin that exhibit surfactant

properties (emulsification capacity and a reduction in surface tension) ggnjiégt L.Zl' 20(11.4; ls lfflglﬁ End Cam}:ﬁtr{i 2004). dTéle .pOtiEnal utsef of
are called biosurfactant (Sandeep and Rajasree 2017; Sobrinho et al. SABLs m medical e have raplaly increased during the past 1ew
2014; Gharaei-Fathabad 2011). years. The antimicrobial, antifungal and antiviral activity exhibited by
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the BSs/BEsmake them significant molecules for application as
therapeutic agents in combating many diseases (Shah et al. 2016;
Fracchia et al. 2012; Okoliegbe 2012; Kiran et al. 2010; Rodrigues et
al. 2006). These molecules also exhibit anti-adhesive, anticancer,
anti-inflammatoryand immunomodulatoryproperties, thus have
widespread applications in medical field. These surface-
activemolecules, therefore, exhibit potential candidature for new age
chemotherapy (Sandeep and Rajasree 2017; Shekhar er al. 2015;
Okoliegbe 2012; Fracchia et al. 2012; Rodrigues and Teixeira 2010).

Acinetobacter: Acinetobacter are Gram negative, non-spore forming,
non-fermenting often coccobacillary bacteria that belong in the family
Moraxellaceae. The genome comprises a single circular chromosome
sized 2.6—4.7 Mb and a strain-dependent set of plasmids. Flagella are
absent; therefore, cells do not exhibit swimming motility. However,
cells exhibit twitching motility because of presence of fimbriae. Cells
commonly occur in pairs. Metabolism is strictly aerobic with oxygen
as the terminal electron acceptor. All strains are mesophilic, grow
between 20-30°C, with an optimal temperature of 33-35°C for most
strains. Acinetobacter strains are oxidase-negative, catalase-positive
and most strains do not show positive nitrate reduction test. All
strains show good growth on complex media. Colonies are generally
nonpigmented and show mucoid appearance when the cells are
encapsulated (Bergey 1930; Nemec 2022; Shete et al. 2015).
Acinetobacter strains are widespread in nature, hence, inhabit
variedwater and soil ecosystems and inhabit plant and animal bodies.
Several species are also responsible for causing the nosocomial
infections. Such strains are generally resistant to multiple antibiotics.
Acinetobacter are a key source of infection in immunocompromised
patients in the hospital, particularlydcinetobacter baumannii.
According to the recent reports, the genus included 73 species
(Nikolova and Gutierrez 2023).

tension at gas-liquid-solid interfaces where as, BEs lower the
interfacial tension between immiscible liquids, or at the solid-liquid
interface, resulting in the formation of more stable emulsions. BSs
usually exhibit emulsifying capacity but BEs do not necessarily
reduce surface tension (Varjani and Upasani 2017; Sandeep and
Rajasree 2017; Fracchia et al. 2012). Thus, SACs are grouped into
surfactants and emulsifiers. BSs reduce the surface tension, BEs form
and stabilize of emulsions (Satpute et al. 2010). Biosurfactants are
commonly low molecular weight produced by microorganisms and
are composed of sugars, amino acids (hydrophilic moieties), saturated
and unsaturated fatty acids (hydrophobic moieties) and functional
moieties such as carboxylic acids e.g. glycolipids and lipopeptides
(Sivapathasekaran and Sen 2017; Uzoigwe et al. 2015). These
molecules beenamphiphiles can dissolve in both polar and non-polar
solvents. BSs are well known for good surface activity which
involves reducing the surface and interfacial tension between
different phases such as liquid-air, liquid-liquid, and liquid-solid,
exhibiting a low critical micelle concentration (CMC) and formation
of stable emulsions. They can act as wetting, foaming and
solubilizing agents in different industrial processes (Uzoigwe et al.
2015; Rahman and Gakpe 2008). Bioemulsifiers are high molecular
weight biopolymers or exopolysaccharides. These are complex
mixtures of heteropolysaccharides, lipopolysaccharides, lipoproteins
and proteins (Uzoigwe et al. 2015). Like BSs, these molecules can
proficiently emulsify two immiscible liquids such as hydrocarbons or
other hydrophobic substrates even at low concentrations.However,
these molecules are less efficient at surface tension reduction
(Sandeep and Rajasree 2017; Shah et al. 2016). BEs are thus, useful
in solubilization of poorly soluble substrates, increasing their access
and availability for biodegradation. BEs can stabilize emulsions, thus
increasing their use in various industries such as cosmetics, food,
pharmaceutical and petroleum (Uzoigwe et al. 2015).

Table 1. Classification of microbial surfactants based on molecular weight and chemical nature with examples

Molecular Type of the  Description Examples References
weight biosurfactant
Low mol  Glycolipids Carbohydrates in  Rhamnolipids (mono or di), (Sandeep and Rajasree
weight combination with  Trehalolipids, Sophorolipids, 2017;Kuyukina et al. 2001;Christofi
aliphatic acids or Mannosylerythritol  lipids ~ (MELs), and Ivshina 2002; Desai and Banat
hydrooxyaliphatic acids Trehalose tetraester, Trehalose  1997; Inés and Dhouha 2015; Shah
dicorynomycolate, Cellobiolipids, et al. 2016;Rahman and Gakpe
Alpha-galactosylceramide, 2008;Tanaka et al. 1990)
sulfoquinovosyl diacylglycerol,
Polylol lipid, MyrmeKioside,
Trikentoside
Lipopeptides and  Cyclic lipopeptides Surfactin, (Fracchia et al. 2012; Gharaei-
lipoproteins Lichenysin, Fathabad2011; Desai and Banat
Iturin ~ family, Fengycins family, 1997;Dey et al. 2015; Shah et al.
Serrawettins, 2016; Rahman and Gakpe 2008;
Non-inoniccyclodepsipeptides, Viscosin, Sobrinho et al. 2014)
Subtilisin, Arthrofactin, Gramicidins,
Polymyxin,
Peptide-lipid, Hallobacilin,
Mixirin, Somocystinamide A,
Fellutamide, Pseudofactin, Rakicidin,
Apratoxin
High Polymeric Emulsan, (Fracchia et al. 2012; Gharaei-
molecular (lipoproteins, Liposan, Mannoprotein, Alasan, Fathabad 2011; Desai and Banat
weight proteins, Biodispersan, Carbohydrate-protein-lipid,  1997; Hyder 2015;Shekhar et al.
polysaccharides, Aminolipids, Polysaccharide, 2015; Shah et al. 2016; Rahman and
lipopolysaccharides) Lipoglycan, Gakpe 2008; Sobrinho et al. 2014)
Particulate Vesicles and fimbriae, Whole cells (Desai and Banat 1997; Shah et al.
biosurfactant 2016; Rahman and Gakpe 2008;

Sobrinho et al. 2014)

Fatty acids, neutral Fatty acids, Neutral lipids and (Desai and Banat 1997; Shah et al.
lipids and phospholipids 2016;Sandeep and Rajasree
phospholipids 2017;Rahman and Gakpe 2008;

Sobrinho et al. 2014)

Biosurfactants and bioemulsifiers: Surface active compounds
(SACs) such as BSs/BEs are structurally diverse compounds mainly
yielded by microorganisms utilizing hydrocarbons. BSs/BEsare
surface active biomolecules, however, there are significant
differences between them especially, based on their physico-chemical
properties and physiological roles. BSs lower surface and interfacial

Classification of microbial surfactants

Microbial surfactants are classified mainly on the chemical
composition (Santos et al. 2016; Shoeb er al. 2013) Tablel
summarises different types of surface-active compounds produced by
microbial world.
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Table 2. Microbial surfactants produced by different strains of Acinetobacter spp. and their chemical nature
Sr. No  Acinetobacter spp. (Producer  Isolation site Type of the surfactant References
organism)
1 Acinetobacter radioresistens - BE- Alasan (Navon-Venezia ef al. 1995)
2 Acinetobacter calcoaceticus - BE- Emulsan (Desai and Banat 1997)
3 Acinetobacter calcoaceticus - BE- Biodispersan (Desai and Banat 1997)
4 Acinetobacter calcoaceticus - BE- Polysaccharide/  (Shabtai and Gutnick 1985)
lipopolysaccharide
complexed with protein or
pplypeptide
5 Acinetobacter baumannii A25 - BE- Protein- Polysaccharide (Mujumdar and Chopade
complex 2002)
6 Acinetobacter juniiA6 - BE- Not specified (Mujumdar and Chopade
2002)
7 Acinetobacter calcoaceticussubsp.  oil-spilled seawater BE- Not specified (Phetrong et al. 2008)
anitratusSM7
8 Acinetobacter genospecies A15 Wheat rhizosphere BE- Polysaccharide-protein-  (Bhawsar et al. 2011)
lipid complex
9 Acinetobacter baumannii SS4 Marine BE- complex of (Bhuyan 2011)
polysaccharide-protein-lipid
10 Acinetobacter calcoaceticus C42 Rhizosphere of corn BE- Lipopeptide (Bashettiet al. 2012)
11 Acinetobacter baumaniiAC5 - BE- Lipoglycan (Hyder 2015)
12 Acinetobacter beijerinckii ZRS Oil contaminated soil samples BE- Polymeric (Zhao et al. 2016)
13 Acinetobacter sp Healthy human skin BE- Not specified (Jagtap et al. 2010)
14 Acinetobacter calcoaceticus - BS- Polysaccharide (Tanaka et al. 1990)
15 Acinetobacter calcoaceticus - Particulate BS- Vesicles and  (Desai and Banat 1997)
fimbriae
16 Acinetobacter junii Soil BS- Not specified (Menezes Bento et al. 2005)
17 Acinetobacter calcoaceticusBUO3 petroleum-contaminated BS- Not specified (Zhao and Wong 2009)
soil
18 Acinetobacter calcoaceticusIMV  Petroleum contaminated soils BS- Trehalose Mycolates (Pirog et al. 2012)
B_7241 (Glycolipid)
19 Acinetobacter sp. D3-2 Petroleum contaminated soil BS- Lipopeptide (Bao et al. 2014)
20 Acinetobacter sp Hydrocarbon contaminated soil BS- Not specified (Yuan et al. 2014)
21 Acinetobacter baylyiZJ2 Oil-contaminated soil BS- Lipopeptide (Zou et al. 2014)
22 Acinetbacter indicus M6 Marine water BS- Glycolipoprotein. (Peele et al. 2016)
23 Acinetobacter junii Petroleum reservior BS- Rhamnolipid (Dong et al. 2016)
24 AcinetbacterjuniiB6 Oil excavation site BS- lipopeptide (Ohadi et al. 2017)
25 Acinetobacter baumannii MKS2 Oil polluted soil BS- Glycolipids (Muthukamalam et al. 2017)
26 Acinetobacter bouvetiiUAM25 Culture collection from The National BE-lipo- (Ortega-de la Rosa et al.
Polytechnic Institute (Mexico) heteropolysaccharide 2018)
27 Acinetobacter sp. Ab9-ES  Lipid-rich wastewater BE- Glycoprotein (Adetunji and Olaniran 2019)
andAcinetobacter sp. Ab33-ES
28 Acinetobacter venetianusAMO1502 oil spilled off BS- Not specified (D'Almeida et al. 2024)
29 Acinetobacter sp. V2 BS- Complex of protein and  (Ntshingila et al. 2022)
fatty acid
30 Acinetobacter. juniiB6 BS- Lipopeptide (Mehrabani et al. 2021)
31 Acinetobacter calcoaceticus Oil contaminated sample from BS- Not specified (Moshtagh et al. 2021)
PI-1A offshore oil and gas platform
32 Acinetobacter sp. AKBS16 Petrol pump site BS- Emulsan (Jadeja et al. 2018)
33 Acinetobacter baumannii MN3 Production water from crude oil BS- Lipopeptide (Parthipan et al. 2017)
reservoir
34 Acinetobacter baumannii BJ5 Petroleum oil contaminated soil BS- Glycolipid (Gupta et al. 2020)
35 Acinetobacter calcoaceticus palm oil mill facility soil BS- Lipopeptide (Chooklin et al. 2023)
36 Acinetobacter sp. strain JR7 Oil spilled soil BS- Lipopeptide (Zobaer et al. 2023)
37 Acinetobacter baumanii strain  agro-industrial wastes BS- Not specified (Onajobi et al. 2023)
MS14413
38 Acinetobacter junii petroleum hydrocarbon-contaminated ~ BS- Glycolipid (Sahu and Shrivastava 2022)
soil
39 Acinetobacter  radioresistens(Strain  sediment and seawater samples from  BS- Not specified (Hassanshahian and Ravan
S1-2) the Caspian Sea 2018)
40 Acinetobacter  calcoaceticus(Strain ~ sediment and seawater samples from BS- Not specified (Hassanshahian and
K4-2) the Caspian Sea Ravan2018)
41 Acinetobacter sp. P 2(1) Microbiology Laboratory of Biology BS- Not specified (Triawan et al. 2017)
Department, Faculty of Science and
Technology, Airlangga University.
42 Acinetobacter johnsoniiABR6 Petroleum reservoir BS- lipopeptide Akbari et al. 2020

Biosurfactants and Bioemulsifiers produced by Acinetobacter
spp.: Several Acinetobacter spp. have been reported to be the potent
producers of BSs and BEs till date. Table 2 summaries BS/BE
produced by different species from Acinetobacter genus and their

chemical nature.

Genetics for production of SACs by Acinetobacter spp: SAC’s
production involves operons which code for the enzymes necessary to
synthesize the SAC’s. Environmental conditions play a pivotal role in
triggering the expression and further regulation of the genes that code

to synthesize SAC’s (Chabhadiya et al. 2024).
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Studies demonstrated that genes associated with the synthesis of BE
emulsan produced Acinetobacter Iwoffii RAG-1 are clustered in the
region termed as the wee cluster. This study reported that two genes
wzb and wzcfrom the wee cluster are involved in the synthesis of
emulsan (Nakar and Gutnik 2003). A study revealed that extracellular
anionic  lipoheteropolysaccharide emulsan, produced by A.
venetianus RAG-1 was encoded by 27kbp wee gene cluster. Emulsan
produced by 4. venetianus RAG-1assisted in alkane degradation by
capturing and transporting the hydrocarbon to the cell (Fondi et al.
2016). The bioemulsifier of Acinetobacterradioresistens KAS53,
referred to as alasan, encoded by gene alnA is a high-molecular-
weight complex of an anionic polysaccharide containing covalently
bound alanine (apoalasan) and protein (Toren ef al. 2002).

Biomedical applications of biosurfactants and bioemulsifiers
produced by Acinetobacter spp.: Surface active molecules such as
BSs exhibit unique properties such as higher biodegradability and
lower toxicity. Rigorous research on BSs/BEs have revealed
interesting biological and chemical properties that divulge promising
applications in various fields related to pharmaceutical and other
sectors (Imtiaz et al. 2022; Ceresa et al. 2021; Sonawane et al. 2021;
De Giani ef al. 2021; Pendse and Aruna 2020; Naughton ef al. 2019;
Jemil et al. 2017; Prasad et al. 2015; Tomar and Singh 2014;
Chakraborty et al. 2014; Gudiia et al. 2013).

Antimicrobial activity: In recent years, researchers have
discoveredthatBSs/BEs exhibit various properties of biomedical
importancesuch as, antibacterial, antifungal and antiviral activities.
These properties make BSs/BEs promising candidates for treatment
of many diseases (Sharma and Saharan 2016). In recent decades,
there has been a global urge to find alternatives for currently used
antibiotics and BSs/BEs have exhibited promising candidature as
antimicrobial agents through research in this field (De Giani et al.
2021; Pendse and Aruna 2020; Naughton et al. 2019; Ndlovu et al.
2017; Prasad et al. 2015; Sharma et al. 2015; Gudifia et al. 2015;
Chakraborty et al. 2014). A lipopeptide BS produced by
Acinetobacter junii effectively exhibited antimicrobial activity against
C. albicans and C. utilis and many bacterial pathogens e.g.,
Pseudomonas  aeruginosa, Staphylococcus —aureus, Klebsiella
pneumoniae, Escherichia coli and Salmonella typhi at concentration
of 5 ug/ml. The MIC values of the BS were lower as compared to the
standard antifungal agent fluconazole, also according to the
researchers BS form A. junii exhibited 100% inhibition against C.
utilis (Ohadi et al. 2020). A novel BS produced by Acinetobacter
indicus M6 reduced the surface tension of water from 72.0 to 39.8
mN/m and exhibited thermophilic, halophytic and acidophilicstability
as well. The BS was purified by acetone precipitation and was
recovered by column chromatography. The composition of the BS
was studied by H'NMR and LC-MS and was characterised as
glycolipoprotein. Antimicrobial activity of the BS was determined by
agar well diffusion assay for 50% and 100% growth inhibition for
different concentrations of the BS ranging from 20-50 mg ml™. The
effect of the BS on the cell membranes of the bacteria was elucidated
by TEM. The BS showed antimicrobial activity against a broad range
of pathogenic and non-pathogenic strains, including Gram-positive,
Gram-negative bacteria and yeasts. Except for S. aureus, nearly
complete inhibition was observed by the researchers, with different
BS concentrations ranging from 20-50 mg ml™. E. coli showed the
highest degree of inhibition at the lowest concentration of the BS. BS
induced structural changes in the bacterial cell membrane as
elucidated by the TEM images, whereas the cell membranes of the
bacterial cells not exposed to the BS remained intact (Karlapudi et al.
2020). BE producing Acinetobacter baumaniiAC5 was isolated from
the sediments and the antimicrobial activity of the BEwas evaluated.
BE production was growth dependent and was induced by presence of
edible oil in the culture medium. Partially purified BEwas obtained by
the solvent precipitation method using chloroform: methanol (2:1v/v)
solvent system. Chemical composition analysis of the partially
purified BE revealed that it is lipoglycan containing lipids 63%,
carbohydrates 35% and a minor fraction of proteins 2%. Antibacterial
activity of three different concentrations (10, 20 and 30 mg ml") of
the BEwas determined by agar disc diffusion method against F.

coli,S. aureus, Salmonella sp., and P. aeruginosa. Lipoglycan BE
exhibited antibacterial activity against the tested organisms with
maximum antibacterial activity against S. aureus followed by P.
aeruginosa, Salmonella sp. and E. coli. Antifungal activity of the
BEwas determined on the radial growth rate of the P. notatum and F.
oxisporiumusing potato dextrose agar (PDA) medium containing
different concentrations of BE (0,10, 20 and 30 mg ml"). BE
inhibited the radial growth rate of P. notatum and F. oxisporiumand
exhibiteddose dependent antifungal activity (Hyder 2015). Bhawsar et
al. (2011) reported production of a polysaccharide-protein-lipid
complexBE, which exhibited antimicrobial activity against S. aureus,
S. typhimurium, K. pneumoniae, A. niger, A. fumigatus, C. humicola,
C. albicans. Mostafapour et al.(2014) isolated BS producing
Acinetobactersp from oil contaminated sites. The BS produced was
characterised as glycolipid and showed potent antimicrobial activity
against pathogenic bacteria such as Staphylococcus aureus,
Staphylococcus epidermidis and Pseudomonas aeruginosa.

Antibiofilm activity: “Biofilm is the unique pattern of growth
exhibited by certain microbes that provides characteristic features and
advantages to the microbes (Mishra et al. 2020). Biofilms are
aggregation of microorganisms growing on biotic or abiotic surfaces.
Biofilm formation is a crucial mechanismin some of the pathogenic
microorganisms, which contributes to the survival of these pathogenic
microorganisms in the environment (Doghriet al. 2020; Kiran et al.
2010). Biofilm-forming microbes exhibit reduced susceptibility to
many antibiotics. Biofilm formation on devices used in medical
facilities plays an important role causing nosocomial diseases (Kiran
et al. 2010). Thus, biofilms produced by pathogenic microbes are
alarming human health concerns because enhanced pathogenesis in
causing infectious diseases. Biofilms help in survival of the microbes
in a wide range of ecosystems (Doghri ef al. 2020). Therefore, there is
a necessity for promising antibiofilm agents, which can effectively
control the biofilm formation or can contribute to disruption of the
preformed biofilms on biotic and abiotic surfaces. BSs and BEs
produced by many microorganisms can thus, be effective antibiofilm
agents (Ohadi et al. 2020; Mishra et al. 2020; E Silva et al. 2017;
Jemil et al. 2017; Sharma and Saharan 2016; Gudina et al. 2015;
Kiran et al. 2010). Figurel represents different antibiofilm
mechanisms exhibited by BSs/BEs.

Qrﬂl e

Biofilm
Cell death

BSs/BEs

Dislodging of cells

Figure 1. Schematic representation of different antibiofilm
mechanisms exhibited by surface-active compounds such as
BSs/BEs

Lipopeptide BS produced by 4. juniidisrupted biofilms formed by S.
aureus, P. mirabilis, and P. aeruginosa up to 35%, 10%, and 32%,
respectively, with the BS concentration at 1250 pgml™. It was
observed by the researchers that further increase in the concentration
of the BS up to 2500 pg ml" increased the disruption of the biofilms
up to52%, 31%, and 70% respectively (Ohadi et al. 2020).
Antibiofilm activity of the purified glycolipoproteinBS produced by
Acinetobacter indicus M6 was determined against P. aeruginosa
ATCC 9027 and S. aureus ATCC 6538. Biofilm formation was
promoted in 96 well plates and the biofilm formed in the plates was
exposed to the different concentrations of the BS. After incubation the
biofilm was stained using crystal violet and the optical density was
also measured at 600 nm. BS showed dose dependent disruption of
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the biofilms of S. aureus. BS concentration of 500 pg ml™ resulted in
around 82.5% inhibition of the biofilms. Decrease in the biofilm was
also demonstrated by crystal violet staining (Karlapudi et al. 2020).

Anticancer activity: In the last few decades, human civilization has
witnessed an increase in the incidence of the different types of
cancers, taking a toll of millions of lives.Chemotherapeutic agents
used for treating cancers are non-specific and are highly cytotoxic
(Adu et al. 2022; Wu et al. 2017). Therefore, there is an urge for
chemotherapeutic agents that can specifically target the cancerous
cells in the patients. Many studies and reviews have focused on
surface active compounds from microbial origin such as BSs and BEs
as promising anticancer agents (Ceresa et al. 2023; Imtiaz et al. 2022;
Wadhawan et al. 2022; Walvekar et al. 2022; Semkova et al 2021;
Wu et al. 2017).Different mechanisms by which BSs/BEs can
induced cell death in cancerous cells are proposed in literature.
BSs/BEs can promote cell death in cancer cells by enzyme activation
pathway, mitochondrial pathway and cell cycle regulation pathway.
Sophorolipids can slow cell growth and therefore promote apoptosis
in cancer cells (Wang et al. 2024; Sonawane et al. 2021; Ceresa et al.
2021). BSs/BEs can also promote death of cancer cells by activation
of WBCs such as natural killer cells, reducing the process of
angiogenesis and by disrupting the cell membranes (Magalhées et al.
2021; Dey et al. 2015). Figure 2 illustrates schematically different
proposed mechanism for anticancer activity exhibited by surface
active compounds such as BSs/BEs.

-

Amphiphilic nature of BS

Structure of BS similar
to mammalian
membrane components

\

Inhibition of

=
N g Nl A
N

Desath of tumor cell
Figure 2. Different mechanisms of anticancer activity of surface-
active compounds such as BSs/BEs

o

The cytotoxic effect of lipopeptide BS produced by 4. junii was
studied on two cancer cell lines (U87 and KB) and normal cells
(HUVEC) by WST-1 assay. This study confirmed that the cytotoxic
effect of the BS was higher on KB cells as compared to U87 cells.
The results further exhibited that the normal cells (HUVEC) showed
higher viability (74%) than the cancer cells (64% and 65% for U87
and KB, respectively) (Ohadi et al. 2020). Anticancer activity of the
purified glycolipoproteinBS produced by Acinetobacter indicus M6
was determined against A549 lung cancer cell line. Non-tumorous
mouse fibroblast cell line MC-3T3-E1 was used to check the
cytotoxicity of the BS. Four different concentrations (50, 100, 200,
500 pug ml™) of the purified BS were tested against A549 lung cancer
cell line and non-tumorous mouse fibroblast cell line MC-3T3-El at
different incubation times. Cell viability was evaluated by
MTTmethod. BS showed decrease in the percentage of the lung
cancer viable cells with increase in concentration and incubation
times as well. Significant decrease in the percentage of the lung
cancer cells was observed at concentration of 200 pg ml™" at 72 h.
Different concentrations of the BS did not affect the cell viability of
the non-tumour cell line. Cell cycle analysis of the cells exposed to
500 pg ml™ of BS for 24 hwas performed by flow cytometry. BS
showed G1 arrest and decreased the viable cells during S phase in the
A549 lung cancer cell line whereas it did not affect the cell viability
of the non-tumorous mouse fibroblast cell line MC-3T3-E. Thus, this
illustrates the non-toxic nature of the BS against normal cells
(Karlapudi et al. 2020).

Antioxidant activity: Biological free radicals such as ROS and RNS
are highly reactive species, as these radicals have an unpaired electron
that can react with various biomolecules such as lipids, DNA and
proteins associated with a cell (Chaudhary et al. 2023; Pham-Huy et
al. 2008). Free radicals can be endogenous or exogenous in origin,
however body keeps balances production of free radicals with
antioxidant defence. If this balance fails, it leads to the oxidative
stress (Pedro et al. 2022; Sen and Chakraborty 2011). Antioxidants
are compounds that can neutralize the free radicals by reducing these
unstable compounds and thus protect the cells from the deleterious
effect of oxidative stress (Sen and Chakraborty 2011; Pham-Huy et
al. 2008). Action of antioxidants is illustrated in Fig. No. 3. In the last
few decades, there has been increase in the exploration of biomaterial
with antioxidant properties which can be put forth for the therapeutic
application to manage diseases related to oxidative stress (Pedro et al.
2022). Recent discoveries reveal the antioxidant property of SAC’s
such as BS (Abdollahi et al. 2020).
atom (H)

electron
/ Free radical
scavenging
@ [ activity of
SAC's
Free Radicle Healthy Atom
Antioxidant activity

L /

Figure 3. Diagrammatic representation of the antioxidant
mechanism of surface-active compounds such as BSs/BEs

Hydrogen

Lipopeptide biosurfactant (LBS) produced by Acinetobacterjunii B6
was investigated for antioxidant mediated wound healing activity.
Antioxidant activity was determined by DPPH radical scavenging
activitiy and FRAP assays. DPPH assay exhibited scavenging activity
in dose dependent manner with IC50 value of 0.7 mg/ml. Researchers
of this study reported that the antioxidant activity of the LBS played a
significant role in wound healing with experiments in laboratory
animals (Ohadi, et al. 2018). Extracellular polysaccharide (ECP’s)
produced by Acinetobacter spp. exhibit diverse medicinal properties.
These ECP’s are being also proved as good emulsifiers. Antioxidant
activity of purifiedECP produced by Acinetobacterindicus M6, was
studied by different methods such as, hydroxyl radical scavenging
activity, super-oxide radical scavenging assay by phenazine
methosul-fate (PMS)-nicotinamide adenine dinucleotide (NADH)-
Nitroblue tetrazolium chloride (NBT) systemand 1,1-diphe-nyl-2-
picrylhydrazyl (DPPH) radical scavenging activity. ECP produced by
the Acinetobacterindicus Mo6exhibited significant antioxidant
potential with 59% of hydroxyl radical scavenging activity at a
concentration of 500 pg/mL, 72.4% of superoxide radical scavenging
activity at a concentration of 300 pg/mL, and 72.2% of DPPH "radical
scavenging activity at a concentration of 500 pg/mL (Teja et al.
2021).

CONCLUSIONS

Microbial surfactants are ecofriendly molecules which exhibit diverse
functional properties. Microbial world is a producer of different types
of BSs/BEs. Genus Acinetobacter is one of the potent producers of
varied BSs and BEs, synthesized by variety of different species.
Though genus Acinetobacter is reported decades back to produce
microbial surfactants, researchers even today focus to explore the
different types of BSs/BEs produced by Acinetobacter spp. Exploring
the genetics involved in surfactant produced by Acinetobacter will
help to increase the yield of the surfactants. Various surfactants
produced by genus Acinetobacter have showcased widespread
applicationsin biomedical field, as antimicrobial, antibiofilm,
anticancer and antioxidant agents. To make commercial production of
microbial surfactants cost effective, researchers have focused on use
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of be low-cost raw materials. Thus, BSs/BEs produced by genus
Acinetobacter holds a promising candidature for application in
medicine.
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