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Abstract: Oxidative stress is an elevated intracellular level of free oxygen radicals that cause lipid 

peroxidation, protein denaturation, DNA hydroxylation, and apoptosis, ultimately negotiating cells 

viability. Antioxidants can scavenge such free radicals, thus reducing the oxidative stress and even-

tually prevent cellular damage. Medicinal plants, fruits, and spices remain the prioritized sources of 

antioxidants and antimicrobial properties since the time immemorial, but in contrast to plants, mi-

croorganisms can be grown at a faster rate under controlled conditions. They are non-toxic, non-

carcinogenic, and biodegradable as compared to synthetic antioxidants. Microorganisms including 

actinomycetes, archaea, bacteria, protozoa, yeast, and fungi are auspicious source of vital bioactive 

compounds. The list comprises ample of bioactive components from microorganisms. One of them 

is bacteriocins, which are ribosomally synthesized antimicrobial peptides product of Eurotium sp., 

Streptomyces parvulus, S. thermophiles, Lactococcus lactis, etc. It has a great potential as next-generation 

antibiotics targeting the multiple-drug resistant pathogens. Pneumocandins are antifungal lipohex-

apeptides derived from the fungus Glarea lozoyensis, and inhibit 1,3-β-glucan synthase of the fungal 

cell wall and act as a precursor for the synthesis of caspofungin. It is widely used against invasive 

fungal infections and has been recently approved by the FDA. Taxol (paclitaxel), a chemotherapeutic 

drug derived from the bark of Taxus brevifolia can also be produced by endophytic fungi Taxomyces 

andreanae and Nodulisporium sylviforme. It is known to inhibit several fungi such as Pythium, Aphano-

myces and Phytophthora. Hispidin and its derivate isolated from P. hispidus, reduce inducible nitric 

oxide synthase (iNOS) expression, obstruct the transcriptional activity of NF-κB, and also decrease 

the production of reactive oxygen species (ROS) in macrophages. Astaxanthin, known as an 

“aquatic” carotenoid produced by H. pluvialis, also has excellent ROS quenching activity. This study 

mainly focuses on fascinating antioxidant and antimicrobial compounds that have been scarcely in-

vestigated in microorganisms and discuss the promise and challenges of microorganisms as provid-

ers of health benefits.  
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1. Introduction 

Microorganisms are a heterogeneous group of diverse living things that are too small 

to be viewed with naked eyes. The major clusters of microorganisms include archaea, bac-

teria, fungi, protozoa, algae, and viruses. Microbial diversity produces a massive pool of 

inimitable chemicals, which nowadays become a treasured source for innovative biotech-

nology. About 23,000 secondary metabolites from microorganisms are known, out of 

which approximately 42% are exclusively produced by actinomycetes, whereas fungi 

form almost parallel amount (42%), and remaining 16% is produced by eubacteria [1]. 
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Microbial secondary metabolites, including growth hormones, pigments, antibiotics, an-

titumor agents, etc. are not utilised for their growth and development, yet they have re-

vealed an excellent prospective for human health. These bioactive compounds have be-

come significant sources for life saving drugs, which include penicillin, amphotericin, 

streptomycin, erythromycins, tetracycline, vancomycin, etc. (Figure 1) [2]. Antibiotics tes-

tified from different microorganism act at particular target sites (Figure 1). These second-

ary metabolites are chiefly produced due to the initiation of some cryptic gene clusters, 

which are generally inactive under normal conditions; hence their expression would be 

significant in exploiting the chemical diversity of microorganisms. Many of these second-

ary metabolites hold specific antioxidant and antimicrobial potential. Such bioactive mol-

ecules are the attentive source for biotechnological applications, specifically for pharma-

ceuticals, nutraceuticals, and cosmetics. 

Figure 1. Antibiotics reported from different microorganism with their target sites. 

As estimated by the Business Communication Company (BCC), in 2014, the total 

world-wide market for microbial products was assessed at approximately $143.5 billion 

and was expected to increase up to $306 billion from 2015 to 2020, at a compound annual 

growth rate (CAGR) of nearly 14.6%. Advancement in new technologies and economical 

advantages are substituting the synthetic products and production processes with the mi-

crobial products. The major end-user market for microbes and microbial products is 

healthcare sector, which was about $100.4 billion in 2014, approximately $111.5 billion in 

2015, and is expected to increases upto $187.8 billion by 2020 [3, 4]. According to Boeckel 

et al. (2015), by 2030 the antimicrobial consumption will increase upto 67%, and increase 

upto two fold in India, Brazil, China, Russia, and South Africa, due to increased consump-

tion of livestock products in middle-income countries [5]. However, the approval of anti-

bacterial agents decreased by 56 % during the period of 1983 to 1987 and only 3% of anti-

microbial agents were approved by the United States Food and Drug Administration 

(FDA). Gemifloxacin and daptomycin were approved on 7 April and 12 September of 

2003, whereas in 2018, no antibacterial drug was approved. Besides, in 2015 FDA ap-

proved 6 novel antibacterial drugs including the 3rd generation cephalosporin and β-lac-

tamase inhibitor combination ceftazidime/avibactam [6]. 

Antioxidants scavange free radicals to avoid cellular damage caused due to oxidative 

stress. Microorganisms produce many bioactive compounds bearing antioxidant proper-

ties. For example astaxanthin produced by Haematococcus pulvialis (microalgae), Xantho-

phyllomyces dendrorhous (yeast) and Paracoccus sp. (bacteria) [7], has antioxidant activities 

and health benefits to humans and animals. Astaxanthin was primarily discovered in 1938 

and was initially used as a colorant for aquaculture besides being approved as a colouring 

agent for food supplement since 1991. Due to emerging health benefits, demand for 

astaxanthin has increased rapidly in medicine, food industries and cosmetics, etc. Its mar-

ket share was USD 512.8 million in 2016, which increases in 2017 at a CAGR of 6.73% and 

is expected to reach up to USD 814.1 million by 2022 and $2.57 billion by 2025 worldwide 

[7, 8]. Same is the case with carotenoid, whose market demand was 1.24 billion USD (B$) 

in 2015 and is expected to raise to 1.6 B$ by 2023 with a CAGR of 3.5%. The demand for 

lutein in market in 2015 was 135 M$, which may rise up to 200 M$ in 2024, with a CAGR 

of 5.3 %. This hike is due to the increasing demand of lutein-rich dietary supplements [9]. 
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Figure 1. Antibiotics reported from different microorganism with their target sites. 

 2. Concept of ROS (Reactive Oxygen Species) and antioxidants  

Life on Earth cannot be possible without oxygen; however, it can be harmful to life 

by instigating oxidative stress in cells and tissues due to the formation of ROS (reactive 

oxygen species). Exceptionally high levels of ROS, reactive nitrogen species (RNS), and 

reactive sulfur species (RSS) cause metabolic malfunctioning, destruction to cellular pro-

teins, nucleic acids (RNA and DNA), lipids and ultimately cell death. Several sources and 

mechanisms have been advocated, which contribute to the generation of these ROS.  An-

tioxidants are ROS scavengers can shield, scavenge, and repair oxidative damage, thereby 

defending target assemblies or molecules from oxidative damages. According to the mode 

of action antioxidants are either primary or secondary antioxidants. Primary antioxidants 

nullify free radicals by two mechanism, one is by donating an H‐atom known as hydrogen 

atom transfer (HAT), other is through a single electron transfer (SET) mechanism. These 

antioxidants are required in lesser amount to neutralize a huge sum of free radicals. For 

example phenolic antioxidants have high catalytic properties and can be easily regener-

ated [10]. The secondary antioxidants neutralize the ROS through prooxidant catalysts 

mechanism such as β‐carotene, which neutralize ROS like singlet oxygen by quenching 

free radical and are thus certainly exhausted. Both primary antioxidants and secondary 

antioxidants can be either synthetic or natural [10]. Synthetic antioxidants, such as bu-

tylated hydroxytoluene (BHT), tertbutyl hydroquinone (TBHQ), butylated hydroxyani-

sole (BHA), and propyl gallate (PG) have been used to prevent lipid peroxidation (LPO), 

in food products. However, these synthetic antioxidants are cheap and stable at extreme 

ranges of environmental conditions, but they negatively impact the health causing toxicity 

that endorses DNA damage (Figure 2). To cope up with such side effects, microorganisms 

were preferred and since early 1980s, antioxidants from microorganisms were identified 

and used in healthcare, and agriculture due to their valuable therapeutic efficacy and ac-

cessibility [11]. Antioxidants not only protect against ROS but also enhance human phys-

iological functions, consequently assisting to sustain a healthy state and defend against 

ailments. Living organisms have different antioxidant mechanisms, including enzymatic 

and non-enzymatic for inactivating ROS. Enzymes, including catalase, glutathione perox-

idase and superoxide dismutase are the endogenous antioxidants that control the damage 

of ROS, whereas carotenes, flavonoids, reduced glutathione, bilirubin, coenzyme Q, and 

vitamin C, are the sources of exogenous antioxidants. 
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Figure 2. Various sources of oxidative stress and antioxidants. 

After exposure to a maximum concentration of ROS, sometimes the endogenous an-

tioxidant system is conceded and unable to assure thorough security of the organism, to 

reimburse this scarcity of antioxidant; exogenous antioxidants are supplied through food 

or nutritional supplements. Antioxidants not only play a key role in inhibiting oxidative 

damages but also aid in the prevention of diseases like degenerative neuropathies, cardi-

ovascular diseases, and cancer, as well as exerting anti-inflammatory, antiviral and anti-

aging activities.  

Many microorganisms have been identified as a natural source of antioxidants in-

cluding both Gram- and Gram+ bacteria. Antioxidant fraction extracted from  marine bac-

teria, Kocuria marina CDMP 10, from the Gulf of Mannar, Bay of Bengal, India contains the 

short hydrophobic peptide Ser–Ser–Gln, which is demonstrated as a potent free radical 

scavenger in Hepatocellular carcinoma cell lines, signifying its potential as a potent phar-

maceutical candidate with antioxidant activity [12].  

 

3. Microorganisms as a Source of Antioxidant and Antimicrobial Compounds 

3.1 Actinomycetes 

The actinomycetes are gram-positive, aerobic, filamentous and spore-forming bacte-

ria, with a foremost reputation in producing chemically different metabolites bearing a 

broad spectrum of biological activities, including antifungal, antibacterial and insecticidal 

activities. Mycothiol (MSH), a principal ‘sugar’ thiol present in the cell wall of actinomy‐

cetes that serves as the glutathione (GSH) analog. Actinomycetes lack the enzymes for 

GSH biosynthesis, but as a substitute, they utilize alternative low molecular weight thiols 

(LMW), such as bacillithiol (BSH) and MSH, ergothioneine (ESH) [13]. MSH maintains the 

intracellular redox homeostasis, allowing the appropriate working of many biological 

processes, counting enzyme activation, DNA synthesis, and cell-cycle regulation. MSH 

acts as an electron donor/acceptor and also assists as a cofactor in detoxifying free radicals, 

xenobiotics and alkylating agents. Unlike GSH, MSH has two sugar component viz N-
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glucosamine and inositol along with cysteine component as an alternative of the two 

amino acids, glycine, and glutamic acid [13].  

 

3.1.1 Actinomycetes as a source for antioxidants 

 

3.1.1.1 Biosynthesis of MSH  

MSH biosynthesis involves five enzymes and the substrates myo-inositol-1-phos-

phate (Ins-P), UDP-N-acetyl glucosamine (UDP-GlcNAc) and Cysteine (Cys), represented 

in Figure 3. Firstly Ins-P is conjugated with UDP-GlcNAc to yield N-acetyl glucosamine 

myo-inositol-1-phosphate (GlcNAc-Ins-P) via enzyme glycosyltransferase MshA. The 

MSH phosphatase MshA2 dephosphorylated GlcNAc-Ins-P, which is further deacety-

lated by the metal-dependent deacetylase MshB generating glucosamine inositol [1-O-(2-

amino-1-deoxy-a-Dglucopyranosyl)-D-myo-inositol]. The Cys ligase MshC inserted Cys 

to yield Cys-GlcN-Ins. Finally, the Cys amino group is acetylated by the MSH acetyltrans-

ferase MshD to produce MSH [14] . 

 

3.1.1.2 Catalytic action of the mycothiol disulfide reductase (Mtr): 

When there is an oxidative stress, MSH get oxidized to mycothiol disulfide (MSSM), 

which further get reduced by the NADPH-dependent Mtr. Mtr is the key enzyme in-

volved in retaining MSH levels, which reduces the oxidized MSH disulfide. Mtr is a ho-

modimeric flavoprotein disulfide isomerase which requires a cofactor viz. FAD (flavin 

adenine dinucleotide). The oxidized Mtr (Mtrox) comprises of a disulfide bridge between 

Cys39-Cys44, which is further reduced by accepting electrons from NADPH through FAD 

cofactor to produce reduced Mtr, as depicted in Figure 3. MSSM is confronted via the 

swapping of Cys39, resulting in the generation of Cys39-SSM and discharge of first MSH 

moiety. Consequently the disulfide bond in Cys39-SSM is condemned by the thiolate pre-

sent at Cys44 forming Mtrox [15] and [16].  

 

3.1.1.3 Mycothiol-dependent detoxification of electrophiles: 

MSH S-transferases (Mst) conjugate with MSH electrophiles (RX), creating MS-elec-

trophiles (MSR), MSH S-conjugate amidase (Mca) cleave an amide bond of MSR to form 

a glucosaminylinositol (GlcN-Ins) and mercapturic acid (AcCys-R). AcCys-R or MSH-S-

associates of antibiotics or toxins are expelled from cells via ABC transporters, whereas 

GlcN-Ins is salvaged back to mycothiol (Figure 3) [17, 18]. 

 

3.1.2 Detoxification of NO: 

Detoxification of NO requires the MSH-dependent detoxification enzyme nitro-

sothiol reductase (MscR) that exhibits S-nitrosomycothiol (MSNO) reductase action gen-

erating MSH sulfonamide (MSO2H) [19]. Both MSH-dependent formaldehyde dehydro-

genase AdhE and MscR oxidize formaldehyde to formate. In the case of Corynebacte-

rium glutamicum, maleylpyruvate that is a ring fission output of gentisic acid and is con-

verted to fumarylpyruvate through gentisate pathway by the MSH-dependent maleylpy-

ruvate isomerase (Figure 3) [15, 18]. 
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Figure 3. MSH biosynthesis and regulation in actinomycetes. Synthesis of MSH is catalyzed by five enzymes, including MshA, 

MshA2, MshB, MshC and MshD. 1) Under ROS, MSH is oxidized to MSSM which is further reduced by Mtr. 2) S-mycothiolation and 

protein regeneration occur via Mrx1/MSH/Mtr and Trx/TrxR pathway. 3) Arsenate reductases CgArsC1/CgArsC2 along with MSH 

and Mrx1 reduced As (V) to As (III), which is exported through ABC transporter. 4) MSH acts as thiol cofactor for alcohol dehydro-

genase MscR and formaldehyde dehydrogenase AdhE and are involved in the detoxification of NO and formaldehyde. 5) Mycothiol 

amidase (Mca) and mycothiol-S-tranferases are involved in the ROS and xenobiotic detoxification.  

3.1.3 Detoxification of arsenate: 

Arsenate detoxification is catalysed by the arsenate reductases (CgArsC1/CgArsC2), 

which associate arsenate As (V) to MSH, generating As(V)-SM adduct, that is later on re-

duced by mycoredoxin-1 (Mrx1), forming Mrx1-SSM intermediate and As (III). As (III) is 

disseminated from the cells using two arsenite permeases of the Acr3 family (Figure 3). 

Mrx1-SSM depend on MSH for the regenerating Mrx1 [17] and[13]. 

3.1.4 Protein S-mycothiolation under NaClO and H2O2 stress: 

Proteins are S-mycothiolated and recreated by the Mrx1/MSH/Mtr and Trx/TrxR 

pathways during NaOCl and H2O2 stress. These proteins control the activity of Mpx, Tpx 

and MsrA in vitro [17]. Mpx and MsrA result in the formation of intramolecular disulfides 

and S-mycothiolations and involve both the Trx and Mrx1 pathways for reformation [20]. 
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The Mrx1/Mtr/MSH pathways are likewise involved in the reduction of the peroxiredoxin 

AhpE in Mycobacterium tuberculosis (Figure 3) [21]. 

3.1.5 Antimicrobial applications of Actinomycetes: 

Approximately 75% of the known industrial antibiotics and abundant economically 

important compounds were attained from the Streptomyces’s [22]. Actinobacteria have the 

capability to synthesize antifungal, antiviral, antitumor, anti-inflammatory, antioxidants, 

immunosuppressive, plant growth-promoting and herbicidal compounds [23].  Among 

actinobacteria, Streptomyces is the utmost and dominant cause of bioactive metabolites 

with a broad range of bioactivity. Genus Streptomyces alone contributes approximately 

7500 compounds among the 10,000 known compounds from Actinobacteria, whereas the 

other genera including Actinomadura, Micromonospora, Nocardia, Saccharopolyspora, Actino-

planes and Streptosporangium contributes approx. 2500 compounds [24]. Marine or terres-

trial Actinobacteria utilize enzymes polyketide synthases (PKS) or non-ribosomal peptide 

synthetases (NRPS) for the synthesis of metabolic bioactive compounds [25]. Marine sed-

iment sampled off the coast of San Diego, California, has a new marine actinomycete, 

NPS12745, associated with it. After 16S rRNA sequences, it is confirmed that NPS12745 is 

a innovative strain of genus Marinispora, which produced ample of new chlorinated bisin-

dole pyrroles and lynamicins A-E. The bisindole pyrrole derivatives include chro-

mopyrrolic acid, earlier isolated from Chromobacterium violaceum [26]. The first halogen-

ated bisindole derivative was Lynamicins A–E, having antibacterial activity against a 

panel of Gram+ and Gram- bacteria, i.e., MSSA, MRSA: methicillin-resistant S. aureus, 

Staphylococcus epidermidis and Enterococcus faecalis, signifying possible cure of nosocomial 

infections [27]. 

Siddharth & Vittal (2018) isolated Streptomyces sp.S2A from marine sediment from 

Gulf of Mannar, that was reported to bear persuasive antagonistic activity against bacte-

rial (Micrococcus luteus, Staphylococcus epidermidis, Klebsiella pneumoniae, Bacillus  cereus 

and Staphylococcus aureus) and fungal (Fusarium moniliforme and Bipolaris maydis) patho-

gens [24]. Igarashi et al., in 2011, isolated Maklamicin, a novel spirotetronate of class 

polyketide from an endophytic actinomycete Micromonospora sp. GMKU326. The Mak-

lamicin bears antimicrobial activity against Micrococcus luteus, Bacillus  subtilis,  Staphylo-

coccus aureus, Bacillus  cereus, and Enterococcus faecalis, Gram+ bacteria with MIC values of  

0.2, 1.7, 13, 6.5, and 13 μg/ml respectively [28]. A unique prenylated-indole derivative 

known as 3-acetonylidene-7- prenylindolin-2-one was extracted from endophytic actino-

mycete Streptomyces sp. neau-D50. Other compounds isolated from Streptomyces sp. neau-

D50 were hybrid isoprenoids, 3-cyanomethyl-6- prenylindole, 7-isoprenylindole-3-car-

boxylic acid and 6-isoprenylindole-3-carboxylic acid. These compounds display antifun-

gal activity against phytopathogenic fungi Corynespora cassiicola, Phytophthora capsici Colle-

totrichum orbiculare and Fusarium oxysporum [29].  Streptomyces sundarbansensis WR1L1S8, 

an endophyte sequestered from brown algae yields an innovative anti-MRSA compound, 

[2-hydroxy-5-((6-hydroxy-4-oxo-4H-pyran-2-yl)methyl)-2-ropylchroman-4-one] beside 

three reported polyketides namely phaeochromycin B, C, and E which are Gram+ patho-

genic MRSA MIC value of 6 μM [30]. Vinaceuline, a cyclopeptide active against bacteria, 

was extracted from the broth culture of endophytic Streptomyces sp. YIM64018 allied with 

Paraboea sinensis. Yang et al. (2015) isolated a new benzamide, 2-amino-3, 4-dihydroxy-5-

methoxybenzamide from endophytic StreptomycesYIM67086 attacks Escherichia coli and 

Candida albicans (MICs of 64 and 32 μg/ml, respectively) [31]. Ding et al. (2013) reported 

the production of a novel antifungal compound, 7, 3’-di-(c,cdimethylallyloxy)-5-hydroxy-

40-methoxyflavone from the broth culture of endophytic actinomycete Streptomyces sp. 

MA-12 identified from the root of the Myoporum bontioides A. Gray, an associated man-

grove and it inhibits the growth of plant pathogens Penicillium citrinum, Gibberella zeae 

(Schweinitz) Petch and Colletotrichum musae [32]. Table 1 represents the list of bioactive 

compounds reported from some endophytic actinomycetes. 
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Table 1. Bioactive compounds from endophytic actinomycetes 

Endophytic 

Actinomycetes 
Host 

Bioactive com-

pounds 
Bioactivity 

Reference 

 

Streptomyces 

sp. YIM64018 

 

Paraboea sinen-

sis 
Vinaceuline 

Antibacterial 

activity [33] 

Streptomyces 

sp. neau-D50 

 

Glycine max 

3-acetonyli-

dene-7-prenyl-

indolin-2-one, 

7-isoprenylin-

dole-3-carbox-

ylic acid 

Cytotoxic and 

antifungal ac-

tivities 

 

[29] 

Streptomyces 

sp. YIM56209 

 

Drymaria cor-

data 

Bafilomycin D, 

B1, B2, C1, C2, 

C1 amide and 

C2 amide 

Antibacterial, 

antifungal, in-

secticidal, anti-

helmintic and 

cytotoxic activ-

ity 

[34, 35] 

Streptomyces di-

astaticus 

subsp. 

ardesiacus 

Artemisia an-

nua 

Diastaphena-

zine 

Antibacterial 

and antifungal 

activity 
[36, 37] 

Streptomyces 

sp. YIM67086 

 

Dysophylla stel-

lata 

4-hydroxy-3-

methoxyben-

zoic acid, p-

hydroxytrux-

inic acid 

Antifungal ac-

tivity [31, 38] 

Microbispora sp. 

LGMB259 

 

Vochysia diver-

gens 

1-vinyl-b-car-

boline-3-car-

boxylic acid 

Antibacterial, 

antifungal and 

anticancer ac-

tivity 
[39] 

Streptomyces 

sp. YIM66017 

Alpinia oxy-

phylla 

Yangjinhualine 

A and 2,6-di-

methoxy ter-

ephthalic acid 

Radical scav-

enging activity [40] 

Streptomyces 

sp. YIM65408 

 

Tripterygium 

wilfordii 

1”-O-methyl-8-

hydroxyme-

thyl-daidzein 

Radical scav-

enging activity [33, 38] 

Streptomyces al-

bidoflavus 

Bruguiera gym-

norrhiza 
Antimycin A18 

Antifungal ac-

tivity [41, 42] 
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3.2 Archaea 

3.2.1 Antioxidant activity 

Finding list about carotenoids reported from extremophile microorganisms are lim-

ited in comparison to knowledge existing about carotenoids from non-extremophile mi-

croorganisms. Halophilic archaea are a promising candidate for generating carotenoids, 

thereby show red and orange coloured colonies. A universal purpose of carotenoids their 

antioxidant activity leading to the protection of cells against oxidative stress, thus bene-

fiting human health. Most haloarchaea biosynthesized bacterioruberin (BR), a C50 carot-

enoid, and its precursors bis-anhydrobacterioruberin (BABR), 2-isopentenyl-3,4-dehydro-

rhodopin (IDR), and mono-anhydrobacterioruberin (MABR) represented in Table 2 [43]. 

Bacterioruberin (BR) present in the cell membrane assist haloarchaeal cells to acclimatize 

to hypersaline environments, resulting in stabilization of the cell membrane under such 

stress.  BR acts as a ‘‘rivet” and affects membrane fluidity by imitating as a water barri-

cade and permitting  

Table 2. Characterization of bacterioruberin, and its most abundant derivatives. 

Common name 
Molecular 

formulae 
Scientific name Producers Mode of action References 

Bacterioruberin 

(BR) 
C50H76O4 

2,2’ - bis (3- hydroxy- 

3- methylbutyl)- 

3,4,3’ ,4’ - tetradehy-

dro- 1,2,1’ ,2’ - tetra-

hydro- γ,γ- carotene- 

1,1’ - diol 

Haloarcula  ja-

ponica, Halobacte-

rium salinarum, 

Halorubrum 

sodomense and 

Haloarcula  val-

limortis and 

Halorubrum sp. 

TBZ126 

Protection against 

oxidative stress by 

arachidonic acid 

and H2O2 

[43, 44] 

Mono-anhydro-

bacterioruberin 

(MABR) 

C50H74O3 

30- (2- hydroxypro-

pan- 2- yl)- 

2,6,10,14,19,23,27,33- 

octamethyl3- (3- 

methylbut- 2- en- 1- 

yl) tetratri-

aconta4,6,8,10,12,14,

16,18,20,22,24,26,28- 

tridecaene- 2,33- diol 

Haloferax volcanii 
Scavenging activ-

ity 
[44]; [43] 

Bis-anhydro-

bacterioruberin 

(BABR) 

C50H72O2 

2,6,10,14,19,23,27,31- 

octamethyl3,30- bis 

(3- methylbut- 2- en- 

1- yl) dotri-

aconta4,6,8,10,12,14,

16,18,20,22,24,26,28- 

tridecaene- 2,31- diol 

Haloferax volcanii 
Scavenging activ-

ity 
[44] 
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permeability to oxygen and other molecules [45]. In BR 13 pairs of conjugated double 

bonds are present as compared to the nine pairs of conjugated double bonds present in β-

carotene. This transformation makes BR a better ROS scavenger as compared to β -caro-

tene [46]. This offers resistant to gamma irradiation, intense light, and DNA damage 

caused due to UV irradiation, radiography, and H2O2 exposure [47]. Carotenoids from 

Halorubrum sp. BS2 reported having extraordinary antioxidant capacity than that of the 

ascorbic acid, a standard antioxidant [48]. The antioxidant capabilities of carotenoids pro-

duced by Haloterrigena turkmenica, Haloferax volcanii, Halococcus morrhuae, Halogranum 

rubrum, and Halobacterium salinarum were significantly higher than the standards β-caro-

tene [43]. 

3.2.2 Antimicrobial activity of Archaea 

The use of antibiotics in the last few decades leads to the rise of multi-drug resistant 

bacteria (MDR), which reduces and nullifies the effect of antibiotics. So, there is a vital 

requirement to discover novel and effective antimicrobial therapies by exploiting all pos-

sible natural and sustainable resources, including extreme environments. Archaeocins are 

protein antibiotics produced from archaea, and it marks the chronicled beginning in the 

series of antimicrobial compounds. The term “archaeocin” was used to differentiate the 

peptide and protein based antibiotics generated from Archaea than those produced by 

Bacteria [49]. Till date archaeocins (Table 3) have been produced by only two phylogenetic 

groups, one is euryarchaeal, that are extreme halophiles (haloarchaea) producing 

“halocins”  whereas the other group producing “sulfolobicin” is crenarchaeal genus Sul‐

folobus that are aerobic hyperthermophile [50]. Valera et al in 1982 reported the first pro-

teinaceous antimicrobial compounds i.e., halocins, from halophilic members of the Ar-

chaeal domain [51]. Peptide antibiotics are generally synthesized in two distinguished 

ways, one is ribosomally using transcripts (gene-encoded) and other is stepwise synthesis 

hiring either multienzyme complexes or sequential enzyme reactions. H1 and H4 are pro-

tein halocins of roughly 30-40 kDa  [52], whereas C8, H6, H7, R1, U1 and  S8 and are 

microhalocins of size smaller than 10kDa. Microhalocins are more vigorous than protein 

halocins since they are resistant to flexibility in temperature, salinity,  exposure to or-

ganic solvents, acids and bases [52]. Halocins have a wide ranging of activity against Halo-

archaea and members of family Halobacteriaceae [53] . Mostly halocin production is 

prompted during the progression between exponential and stationary phases, with H1 

being an exception, which is produced during the exponential phase of the growth cycle 

[54]. Many workers reported the mode of action of halocins that they alter the cell permia-

bility at membrane level and inhibit Na+/H+ antiporter and proton flux ultimately causing 

cell lysis and death [55]. Still till today only the mechanism of halocin H6/H7, produced 

by Haloferax gibbonsii Ma2.39 was explored. H6/H7 halocin kills delicate cells by inhibiting 

Na+/H+ antiporter resulting in cell lysis [53]. In 2020, Sahil et al screened 81 halophilic 

strains collected from solar salterns of the northern coast of Algeria for the production of 

antimicrobial compounds. Through partial 16S rRNA sequencing, these strains were rec-

ognized to belong to Haloferax (Hfx) sp.  [48]. 

Table 3. Archaeocins reported from halobacteria. 

Halo

cin 

Producers Size 

(kDa) 

Origin Active against Mode of action  Reference 

HalH

1 

Hfx. mediterra-

nei Xia3 

31  Solar salterns, 

Alicante, Spain 

Members of the  

Halobacteriales 

Alter membrane permea-

bility 

[13] 

HalH

4 

Hfx. mediterra-

nei R4 

34.9  Solar salterns, 

Tunisia 

Members of the 

Halobacteriales, 

Strains of Sulfol-

obus sp. 

Alter macromolecular 

synthesis, cell wall con-

formation and Na + /H+ 

antiport inhibitor 

 [56] 
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3.3 Bacteria 

3.3.1 Antioxidant activities of bacteria 

Carotenoids, a yellow-red precursor of vitamin A and fat-soluble pigment that is as-

sociated with plants, animals, and microorganisms. They represent a valuable group of 

molecules associated with chemical, pharmaceutical, food, and feed industries for their 

coloring and antioxidant activities. Ingestion of carotenoids might decrease the threat 

of diseases linked with oxidative stress. The carotenoids are proficient scavenger of  ROS, 

RNS, singlet oxygen species (1O2), and non-biological radicals [62] . In the case of bacteria, 

carotenoids are produced by the extremophiles, including Thermus filiformis, Halococcus 

morrhuae, and Halobacterium salinarium. Halophilic microorganisms produce carotenoids 

viz. bacterioruberin, trisanhydrobacterioruberin, bisanhydrobacterioruberin, and their 

derivatives, whereas thermophilic bacterium produces all-trans-zeaxanthin, zeaxanthin 

monoglucoside, thermobiszeaxanthins, and thermozeaxanthins [63].  

The biosynthesis of carotenoids is characteristic of the genus Rhodotorula [64]. Correa 

et al (2012) analyzed that when Antarctica bacteria belonging to the Pedobacter genus were 

exposed to cold temperatures and high UV radiation, they had developed an important 

antioxidant system and produce variety of pigments that belongs to the carotenoids group 

and are capable of preventing oxidative damage. The antioxidant capacity of a mix of pig-

ments viz. yelcho2, β-Carotene, and α-Tocopherol, was analysed by three different meth-

HalH

6 

Hfx. gibbonsii 

Ma2.39 

32  Solar salterns, 

Alicante, Spain 

Members of the 

Halobacteriales 

Alter intracellular osmotic 

balance, Na + /H+ antiport 

inhibitor  

[9] 

HalS

8 

 

Haloarchaeal 

strain S8a, Ha-

lobacterium sa-

linarum strain 

ETD5 

3.58  Great Salt 

Lake, UT  

Hbt. salinarum 

NRC817, Halo-

bacterium sp. 

strain GRB and 

Hfx. gibbonsii 

ND [57, 58] 

HalC

8 

Natrinema sp. 

AS7092 

7.4 Chaidan Salt 

Lake in Qing-

hai province, 

China 

 ND [1, 59] 

HalR

1  

Hbt. salinarum 

GN101 

3.8  Guerrero Ne-

gro, Mexico 

Members of the 

Halobacteriales, 

Strains of Sulfol-

obus sp., 

Methanosarcina 

thermophile 

ND  [9, 60] 

Sul-

folo-

bi-

cins 

Sulfolobus 

Islandicus 

HEN2/2 

33.9 

pro-

pro-

tein), 

3.6 

(ma-

ture) 

Solfataric 

fields, Iceland 

Strains of Sulfol-

obus sp. 

ND [61] 
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ods viz. 1,1-diphenyl-2-picrylhydrazyl, ROS detection, and oxygen electrode [65]. In De-

cember 1988, the Marine Biotechnology Institute Co., Ltd. (MBI, Kamaishi, Japan) was es-

tablished and began the isolation of novel or rare marine bacteria, many among them have 

been revealed to yield dicyclic or monocyclic C40 carotenoids, along with several acyclic 

C30 carotenoids [66]. MBI reported that Paracoccus sp. strain N81106 [67], Brevundimonas 

sp. strain SD212 [68] and Flavobacterium sp. PC-6 [69] produce astaxanthin glucoside, 2-

hydroxyastaxanthin and 4-ketonostoxanthin 3′-sulfate, respectively. These are novel dicy-

clic C40 carotenoids with β-carotene (β, β-carotene) skeleton. The carotenoid biosynthesis 

gene cluster that is responsible for the manufacturing of astaxanthin was reported from 

the marine bacterium Agrobacterium aurantiacum [70]. This carotenoid gene cluster consists 

of five carotenogenic genes viz. crtB, crtW, crtZ, crtY and crtI with the same orientation. 

Mishra et al (2013) investigated the capabilities of a semiquinone glucoside derivative 

(SQGD) reported from a Bacillus  sp. INM-1 toward SOD, Catalase, GSH, GST antioxidant 

enzymes. There were a significant increase in SOD (35%) activity and GST level 

(0.46 ± 0.03 μmol/min/mg of protein) in the kidney of mice after SQGD treatment as com‐

pared to untreated control mice within 12–72 h [71]. Sy et al in 2015 demonstrated that 

(gastrointestinal) GI tract sometimes undergoes considerable oxidative stress in postpran-

dial circumstances when dietary iron is exceedingly existing in food in the form both as 

heme or free form [72].  Excessive iron accumulation results in lipid peroxidation, specif-

ically in acidic conditions.  Sy et al (2015) isolated Bacillus  indicus HU36, producing ca-

rotenoids from human fecal and assessed the stability (sensitivity to iron-induced autoxi-

dation) and antioxidant activity (inhibition of iron-induced lipid peroxidation) [72]. The 

most notable initiators in lipid oxidation are ROS, especially HO∙ The common mecha‐

nism of heme-induced lipid peroxidation include the lipid hydroperoxide (LOOH) cleav-

age by hemeFeIII forming hemeFeIV and causing oxidization of linoleic acid (LH) in the 

medium.    

3.3.2 Antimicrobial compounds from bacterial strains  

Bacterial antimicrobial compounds have been used traditionally for numerous rea-

sons, which include delaying the spoilage of food material or crops by plant pathogens in 

agriculture and extending the shelf life of products in the food industry [73]. Bacil-

lus  strains are well acknowledged to produce extensive biocontrol metabolites, which in-

clude the ribosomally synthesized antimicrobial peptides (bacteriocins) [74], as well as 

non-ribosomally synthesized peptides (NRPs) and polyketides (PKs) [75].  

3.3.2.1 Bacteriocins and bacteriocin-like inhibitory substances (BLIS):  

Bacteriocins are antimicrobial ribosomal peptides reported from all major lineages 

of bacteria and also from some members of Archaea. Gram- bacteria Escherichia coli pro-

duces colicins that is bacteriocidal protein, larger than 20 kDa, and prevent the growth of 

closely related strains [76]. Bacteriocins have attracted more attention because of their im-

pending use both as a usual food preservative and as therapeutic antibiotics. Another rea-

son is that they have a rapid acting mechanism by forming pores in the membrane of target 

bacterial cells, even at very low concentrations. The recently reported bacteriocins along 

with their characteristics are presented in Table 4. LAB bacteriocins have gained significant 

attention due to its food-grade quality and industrial significance of these bacteria. LAB 

and its by-products are generally regarded as safe (GRAS) as a human food component by 

the U.S. Food and Drug Administration (FDA). Hence it is safer to use LAB bacteriocin to 

constrain the growth of pathogenic/undesirable bacteria [77]. Lozo et al (2004) isolated the 

strain LactoBacillus   paracasei subsp. paracasei BGBUK2-16, from customarily homemade 

white-pickled cheese, and reported that this species produced bacteriocin 217 (Bac217) 

having molecular weight of approximately 7 kDa. Bac217 displayed antimicrobial activity 

against a few pathogenic bacteria, including Pseudomonas aeruginosa ATCC27853, Bacillus  

cereus, Salmonella sp., and Staphylococcus aureus  [78]. 
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Table 4. List of recently reported Bacteriocins (ND: not determined) 

Type Characteristics  Example Producer  Mode of action References 

Bacteriocin 

type I 

Lantibiotics, very small (<5 

kDa) peptides containing 

lanthionine and β-

methyllanthionine 

Nisin Z and 

Q, Enterocin 

W  

Nukacin ISK-

1 

L. lactis 

Membrane 

permeabilization 

forming pore 

[79] 

Bacteriocin 

type II 
Small (<10 kDa), non-lanthio-

nine-containing peptides 
    

 IIa 

heat-stable peptides 

synthesized as a 

precursor and  

processed after two 

glycine residues, 

antilisterial, bear 

consensus sequence 

YGNGV-C at the N-

terminal 

Enterocin 

NKR-5-3C, 

Enterocin A, 

Leucocin A, 

Munditicin 

 

P. 

pentosaceus, 

P. 

Acidilactici 

and 

LactoBacillus   

sakei 

Membrane 

permeabilization 

forming pore 
[56] 

 IIb 

Two component 

systems: two different 

peptides work 

together and generate 

an active poration 

complex 

Lactococcin 

Q, 

Enterocin 

NKR-5-3AZ, 

Enterocin X  

L. lactis 

subsp. 

cremoris, 

Lb. 

plantarum 

 

Membrane 

permeabilization 

forming pore 
[80] 

 IIc 

N- and C- termini are 

covalently linked, 

generating a circular 

bacteriocin 

Lactocyclicin 

Q, 

Leucocyclicin 

Q  

L. gasseri, E. 

faecalis, L. 

garvieae 

Membrane 

permeabilization 

forming pore 
[56, 81] 

 IId 

Other class II 

bacteriocins, 

including unmodified, 

sec-dependent 

bacteriocins and 

leaderless, non 

pediocin-like 

bacteriocins 

Lacticin Q 

and Z, 

Weissellicin 

Y and M, 

Leucocin Q 

and N, 

Bactofencin 

A, LsbB 

L. salivarius, 

L. lactis 

subsp. Lactis 

ND [82] 

Bacteriocin 

type III 

Large peptides,  sensitive to 

heat  

Helveticin M, 

helveticin J 

and 

enterolysin A 

Lb. crispatus, 

L. helveticus, 

E. faecalis 

ND [61] 

 

Nisin is the first antimicrobial peptide that has been regarded as GRAS status from 

both FDA and WHO. It was reported that when nisin was cross-linked to chitosan mini-

mum inhibitory concentration (MIC) decreased from 48 μg/ml to 40 μg/ml for Staphylococ-

cus aureus ATCC6538. Nisin antimicrobial activity was increased after crosslinking with a 

lesser concentration of chitosan i.e., the ratio of 200:1, thereby allowing better penetration 

into the lipid membrane [83]. The antibacterial constancy of nisin was successfully en-

hanced after conjugating it with gellan. The gellan–nisin conjugate was able to tolerate 

broad range of pH and temperature and also its antibacterial duration n against Staphylo-

coccus epidermidis was improved from 48 h to 144 h under alkaline environments and from 
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96 h to 216 h under acidic environments. Therefore this conjugate can be an encouraging 

biomaterial for wound dressings and transplant coatings [84]. Heunis et al (2013) stated 

that the application of nisin-coated wound dressing prevented the bacterial colonization 

of Staphylococcus aureus and quickened the healing procedure [85]. 

3.3.2.2 Mode of action of Bacteriocins: 

Bacteriocins in Gram-positive bacteria follow two possible mechanisms as shown in 

the Figure 4. Class I bacteriocins are cationic lantibiotic (e.g., nisin) that electrostatically 

binds with the negatively charged membrane phospholipids II, allowing further interac-

tion of bacteriocin's hydrophobic domain with the target cytoplasmic membrane (lipid II). 

Bacteriocins cross the cell wall and bind with lipid II present in the cell membrane, thereby 

preventing the biosynthesis of peptidoglycan (a cell wall component) [86].  

Class II bacteriocins (e.g., lactococcin), cross the cell wall and bind with the pore-

forming receptor in the mannose-phosphotransferase (man-PTS) resulting in the pore for-

mation in the cell membrane.  Several Class I bacteriocins, for example, nisin, can follow 

both mechanisms. Nisin generated pores in cell membrane result in the submissive efflux 

of ions (K+ and Mg2+), amino acids (glutamic acid, lysin), generating proton motive force 

dissipation, and ultimately cause cell death [87]. 

 

Figure 4. Mode of action of bacteriocins via dual mechanism (a) inhibition of cell wall synthesis 

and (b) pore formation. Adapted from: [87, 88]. 

3.3.3  Non-ribosomal synthesized peptides (NRPs) and polyketides (PKs):  

NRPs and PKs include a range of cyclic, linear, and branched compounds, synthe-

sized by composite enzymes viz. non-ribosomal peptide synthetases (NRPS), polyketide 

synthetases (PKS) and hybrid of NRPS/PKS, respectively [89]. Lipopeptides (LPs), which 

bears significant antimicrobial activity is a NRPs produced by Bacillales [90].  

3.3.4 Lipopeptides (LPs): 

LPs occur naturally and are of bacterial origin, contain a hydrophobic long alkyl 

chain which associat with a hydrophilic polypeptide and form a cyclic or linear structure 

[91]. Traditional LPs including the iturins, surfactins and fengycins produced from Bacillus  

and are homologues which differ in length, branching pattern, and saturation of their acyl 

chain. 
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3.3.5 Surfactins: 

They comprise of a cyclic heptapeptide that formulate a lactone bridge with ß hy-

droxy fatty acids (92) and is the most potent biosurfactants. Surfactins are considered for 

their extraordinary foaming, emulsifying, anti-mycoplasma and antiviral activities (93); 

however, these peptides are not fungi toxic but they still exhibit some synergistic effects 

on the antifungal activity of iturin A. Iturin group comprises of A, C, D and E isoforms, 

bacillomycin D, F and L and mycosubtilin. Iturin A, mycosubtilin and bacillomycins also 

inhibit bacterial growth in the same manner as Class I and Class II bacteriocins, i.e. by 

pores formation in the cell membrane (94), whereas mycosubtilin modifies the plasma 

membrane permeability, thereby liberating nucleotides, proteins, and lipids from the cell 

(95). a marine-derived Bacillus  velezensis 11-5 produced a cyclic lipopeptide (CLP) iturin 

A, which has been considered as an antagonist against Magnaporthe oryzae, a rice patho-

gen (96). 

Fengycin consists of a ß-hydroxy fatty acid linked to the N-terminus of a decapep-

tide. Its isoforms fengycin A and fengycin B vary in a single amino acid at the sixth position 

(D-alanine and D-valine, respectively) (97). Both iturins and fengycins are used as a bio-

control to prevent plant diseases and inhibit the progression of an extensive variety of 

plant fungal pathogens (Aspergillus  flavus, Rhizoctonia solani, Fusarium graminearum, 

Botritis cinerea and Penicillium expansum) (98). Kurstakins is a cyclic heptalipopeptides, 

whereas Cerexins are linear LPs, and both are isolated from B. thuringiensis and B. cereus 

strains, respectively (99). Cerexins is active against S. aureus and Streptococcus pneu-

moniae (100). 

3.4 Fungi  

Whenever there is a discussion about fungal metabolites, the story of penicillin has 

been told many times. Alexander Fleming, in 1929 discovered that mold juice’ from Peni-

cillium notatum had antibacterial action and named this biological activity ‘Penicillin’ [92]. 

A decade later, researchers instigated to look for a higher yielding strain that could be 

grown quickly in submerged culture. Later on, Penicillium chrysogenum was selected for 

large-scale production of Penicillium [93]. Revilla et al in 1986 reported the formation of the 

intermediate isopenicillin N in the course of penicillin G production in P. chrysogenum cul-

tures [94] and the formation of isopenicillin N/penicillin N and its late transformation to 

cephalosporin C in Acremonium chrysogenum [95]. 

3.4.1 Antioxidant compounds produced by endophytic fungi 

Endophytic fungi are those living internally healthy and asymptomatic hosts. De 

Bary, in 1866 introduced the term “Endophyte” [96]. Recently, many studies had guided 

the way towards the discovery of significant plant secondary metabolites from endophytic 

fungi, thereby educating the viewpoint of consuming endophytic fungi as substitute of 

such metabolites. From 1987 to 2000, around 140 new natural products were extracted from 

endophytic fungi [97]. 5% fungal species had been characterized to produce bioactive me-

tabolites [98]. 

A wide range of natural products including antioxidants, anti-cancerous, anti-viral, 

antiinsecticidal, immunosuppressant, anti-mycobacterial, anti-microbial and anti-malar-

ial, has been considered from endophytic fungi [99]. The discovery of antioxidant com-

pounds from Pestalotiopsis microspore, an endophytic fungus which was isolated from Ter-

minalia morobensis, has directed the way towards the exploration for endophytic fungi with 

such potential [100]. Zeng et al. (2011) explored 49 endophytic fungi, which were isolated 

from the liverwort Scapania verrucosa for in-vitro antioxidant activities. These isolates of 

endophytic fungi have its place in one family, Xylariaceae and seven genera including 
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Penicillium, Hypocrea, Tolypocladium, Chaetomium, Nemania, Xylaria, and Creo-

sphaeria. Among them, endophytic fungi from S. verrucosa were reported as a budding 

and novel source of natural antioxidants [101]. Pestacin and Isopestacin were isolated from 

Pestalotiopsis microspora from plant Terminalia morobensis, a native of the Papua New Guinea 

[102]. Prihantini et al. (2017) isolated seven fungal strains of the genus Pestalotiopsis from 

the leaves and stems of Elaeocarpus sylvestris. Pestalotiopsis sp. EST 02 and Pseudocercospora 

sp. ESL 02 were reported to have antioxidant activity.  The team isolated terreic acid and 

6-methylsalicylic acid from Pseudocercospora sp. ESL 02  [103]. Nuraini et al. in 2019 isolated 

Aspergillus  minisclerotigens AKF1 and Aspergillus  oryzae from an endemic plant from 

South Kalimantan named Mangifera casturi Kosterm. AKF1 and DK7 exhibited antioxidant 

ability with an IC50 of 142.96μg/mL and 145.01μg/mL respectively. GC-MS analysis  con-

firmed that the most dynamic compound isolated from AKF1 and DK7 was dihydropyran 

and 4H-Pyran-4-one,5-hydroxy-2-(hydroxymethyl-(CAS) Kojic acid, respectively [104]. 

Fusarium oxysporum was isolated by Caicedo et al. (2019) from the leaves of Otoba gracilipes 

which is a medicinal tree found in a tropical rainforest of Colombia [105]. Jaszek et al. (2013) 

extracted three bioactive portions viz. crude endopolysaccharides (c-EPL), a low molecular 

subfraction of secondary metabolites (ex-LMS) and extracellular laccase (ex-LAC) exhibit-

ing scavenging abilities, from the idiophasic cultures of Cerrena unicolor, a white rot fun-

gus. These fractions have antibacterial activity against S. aureus and E. coli [106]. Methanol 

extracts from M. purpureus, OYRM1, P. 32783, P. salmoneo-stramineus and T. versicolor in-

hibit linoleic acid oxidation by at least 53% [107]. Total 42 fungal endophyte strains related 

to a medicinal plant, Nerium oleander L. (Apocynaceae) were isolated and screened for an-

tioxidant and antimicrobial capacity. Out of these 42 isolated only Chaetomium sp. inhibit 

xanthine oxidase activity with an IC50 of 109.8 lg/mL, had antioxidant activity with highest 

level of phenolics [108]. 

3.4.2 Antioxidants from mushrooms 

Many fungal species are edible, which include mushrooms that are both cultivated 

and harvested wild. Now a day’s cultivated mushrooms are more common and readily 

available in the market as compared to wild mushrooms. Porcini (Boletus edulis) is culti-

vated on a small scale and is one of the most common palatable mycorrhizal mushrooms 

in China also called “white bolete” in Yunnan [109]. Edible mushrooms are a substantial 

source of vitamins (B1, B2, B12, C, D and E), PUFA, etc. Mushrooms are used as a vital source 

of home remedies against several ailments stimulated by oxidative stress in Asia [110] . 

The investigation of the methanolic extract of Cantharellus cibarius by Kozarski et al. (2015) 

exhibited that the major antioxidant components were phenols followed by flavonoids. 

Polysaccharides ((1→6)-β-d-glucans) obtained from Aspergillus  brasiliensis after pronase 

deproteinization had maximum antioxidant activity against •OH and •O2− radicals [111]. 

β-glycan  is a major contributor of the antioxidant effects of mushroom, which can be di-

rectly taken up by M cells of Peyer’s patches or dendritic cells activating systemic response 

in organisms [112] and [113]. Chen et al. (2012) reported the presence of ergothioneine (ET) 

from the fruiting bodies of palatable species, P. ostreatus, P. citrinopileatus,  P. salmoneostra-

mineus and P. ostreatus  ET play a part in guarding mitochondrial apparatuses from oxida-

tive damage caused by the mitochondrial generation of •O2− [114]. 

3.4.3 Antimicrobial activity of Endophytes  

Huang et al. (2008) discovered ten membered lactones from endophytic fungus Pho-

mopsis sp. YM 311483, which displays antifungal activity against Aspergillus  niger, 

Fusarium, and Botrytis cinere [115]. Endophytic Fusarium sp. isolated from Selaginella pol-

lescens collected from the Guanacaste conservation area of Costa Rica displays potent in-

hibitory activity against Candida albicans [116]. Ample of antimicrobial compounds were 

reported from the endophytic fungi, some of which are listed in Table 5. 
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Table 5. Antimicrobial compounds extracted from endophytic fungi. 

Compound 

 
Producer Active against Host  Reference  

e 1, 4-naphtho-

quinone deriv-

atives 

Talaromyces sp. 

SK-S009 

Pseudomonas 

sp. 
Kandelia obovata [117] 

Clavatol 

Aspergillus  

clavatonanicus, 

Aspergillus  el-

e-

gans KUFA0015 

Botrytis ci-

nerea, Didy-

mella bryo-

niae, Fusarium 

oxysporum f. 

sp. cucumeri-

num, Rhi-

zoctonia solani, 

and Pythium 

ultimum 

Taxus mairei, 

Monanchora un-

guiculate (Ma-

rine sponge) 

[118, 119] 

Lactones 
Phomopsis sp. 

YM 311483 

A. niger, Botry-

tis cinere, and 

Fusarium 

Azadirachta in-

dica 

 
[120, 121] 

Jesterone 
Pestalotiopsis 

jesteri 

Pythium ulti-

mum, Phy-

tophthora 

citrophthora, 

Rhizoctonia 

solani and Scle-

rotinia scleroti-

orum 

Fragraea bodenii [122] 

Peniciadamet-

izine A 

Penicillium 

adametzioides 

AS-53, Penicil-

lium janthinel-

lum strain 

HDN13-309 

Alternaria bras-

sica  

Sponge col-

lected at the 

Hainan Island 

of China, roots 

of Sonneratia 

caseolaris 

[123, 124] 

 

3.4.4 Antimicrobial activity of marine-derived fungi: 

Meng et al. in 2015 discovered Pyranonigrin F from fungus Penicillium brocae MA-231 

allied with the Avicennia marina, a marine mangrove plant and have inhibitory action 

against S. aureus (Gram+) and Vibrio harveyi and Vibrio parahemolyticus (Gram- bacteria), 

with considerably lower MIC values as compared to the positive control (chloromycetin). 

It is likewise active against plant fungal pathogens Alternaria brassicae and Colletotrichum 

gloeosprioides, with improved MIC values as compared to the positive control (bleomycin) 

[125]. Wu et al. (2015) discovered Lindgomycin from Lindgomyces strains LF327 and KF970, 

reported from a sponge in the Baltic Sea, Germany, and the Antarctic, respectively. Lind-

gomycin displayed antimicrobial activity against S. aureus, Staphylococcus epidermidis, and 

methicillin-resistant S. epidermidis (MRSE). However, the inhibiting potential was two times 

lesser as compared to the positive control chloramphenicol. It also constrains plant patho-

genic bacterium Xanthomonas campestris [126].  There is a never-ending list of antimicro-

bial compounds from marine associated fungi; few of them are listed in Table 6, mention-

ing their host, producer species and bioactivity.  
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Table 6. Antimicrobial compounds extracted from marine fungi. 

Compounds Producer  Active against  Environment source Refer-

ence  

Penicisteroid A  Penicillium chryso-

genum 

QEN-24S 

A. niger and Alternaria 

brassicae 

Marine algae-associ-

ated Penicillium sp. 

[127, 

128]  

Arisugacin K  P. echinulatum E. coli Marine alga Chondrus 

ocellatus. 

  [129] 

 

Methyl (Z)-3-(3, 

4-dihydroxy-

phenyl)-2- 

Formamidoacry-

late 

P. oxalicum EN- 

290 

S. aureus Marine algae associ-

ated Penicillium  

[130] 

Chermesins A 

and B 

P. chermesinum 

EN-480, 

C. albicans, 

E. coli, M. luteus, and V. 

alginolyticus 

Marine algae associ-

ated Penicillium  

[123]. 

Comazaphilones 

C–E  

P. commune QSD-

17 

antibacterial Penicillium sp. from 

marine sediments 

[131, 

132]  

Penicibilaenes A P. bilaiae MA-267 Colletotrichum gloeo-

sporioides 

Rhizospheric soil of 

Lumnitzera racemosa 

[133] 

Xylarinonericin 

D and E 

Penicillium sp. H1 Fusarium oxysporum 

f. sp. cubense, F. ox-

ysporum f. sp. cubense 

(antifungal) 

Beibu Gulf nearby 

Guangxi 

[134] 

Terretonin G  Aspergillus  sp. 

OPMF00272 

S. aureus FDA209P, Ba-

cillus  

subtillis PCI219 and Mi-

crococus luteus 

(ATCC9341) 

Ishigaki island [135] 

Schevalone E  A. similanensis sp. 

nov. 

MRSA Sponge Rhabdermia 

sp. from the coral reef 

of the Similan Island 

[136] 

 

Asperitaconic 

acids A–C 

A. niger LS11 S. aureus Sponges-associated 

Aspergillus  sp. 

[137] 

 

Ochramide B 

and ochralate A 

A. ochraceus 

LCJ11-102 

Enterobacter aerogenes Marine sponge Di-

chotella gemmacea  

[84] 

Spiculisporic ac-

ids F and G 

A. candidus HDf2 P. solanacearum and S. 

aureus 

Marine animals asso-

ciated Aspergillus  

sp. 

[138] 

Aspergicin Aspergillus  sp. 

FSY-01 and Asper-

gillus  sp. 

S. aureus, S. epidermidis, 

B. subtilis, B. dysente-

riae, B. 

Mangrove Avicennia 

marina in 

Guangdong. 

[139, 

140] 
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FSW-02 proteus and E. coli,  

Asperamide and 

nigerasperone C 

A. niger EN-13 C. albicans Marine algae associ-

ated Aspergillus  sp. 

[141, 

142]  

Flavusides A 

and B 

A. flavus S. aureus 

and MRSA 

Marine algae associ-

ated Aspergillus  sp. 

[143, 

144] 

Isorhodop-

tilometrin- 

1-methyl ether 

A. versicolor B. subtilis, B. cereus and 

S. aureus 

Marine algae associ-

ated Aspergillus  sp. 

[145, 

146] 

 

Asperterrein Paecilomyces lilaci-

nus EN-531 and 

A. terreus EN-539 

Alternaria brassicae, E. 

coli, Edwardsiella 

tarda, Physalospora 

piricola, and S. aureus 

Marine algae associ-

ated Aspergillus  sp. 

[147] 

Speradine A A. tamarii M143 Mycrococcus luteus driftwood in Oki-

nawa 

[148] 

Versiperol A A. versicolor 

MCCC 3A00080 

S. aureus 

 

seawater-associated 

Aspergillus  sp. 

[149] 

Ergosterdiacids 

A and B 

Aspergillus  sp. M. tuberculosis  

 

Marine sediments as-

sociated Aspergillus  

sp. 

[150] 

Heptapeptide 

RHM1 

Acremonium sp. 

HM1 

S. epidermidis Marine sponges-as-

sociated fungi 

  

Trichoderins A  Trichoderma sp. 

05FI48 

M. smegmatis  Marine sponges-as-

sociated fungi 

[151, 

152] 

Botryorhodines I 

and J  

Setosphaeria sp. 

SCSIO 

41009  

Colletotrichum 

asianum 

Marine sponge Cally-

spongia sp. 

[153] 

Peniciadametizine A and Peniciadametizine B derivative of thiolated diketopiperazine 

was isolated from a sponges-associated Penicillium sp. viz. Penicillium adametzioides AS-

53 and Penicillium sp. LS54 respectively. Peniciadametizine A and Peniciadametizine B 

both inhibits Alternaria brassicae (pathogenic fungus) with an MIC value of 4.0 lg/mL and 

32.0 lg/mL (Liu et al. 2015a respectively [154]. Communol A, communol G, and communol 

F extracted from P. commune 518 displayed antibacterial activities against E. coli with MIC 

values of 4.1, 6.4 and 23.8 lM, respectively and also against E. aerogenes [134]. Pyrrospirones 

were produced by marine derived fungus Penicillium sp. ZZ380, isolated from Pachygrapsus 

crassipes which is a wild crab found on the seaside rocks of Putuo Mountain (Zhoushan, 

China). Pyrrospirones C-F, H and I inhibit both MRSA (methicillin-resistant Staphylococcus 

aureus) and E. coli having MIC values of 2.0–19.0 lg/mL [155]. Song et al. (2018), following 

the previous lead, separated penicipyrrodiether A from a cultured marine fungal strain 

Penicillium  sp. ZZ380, which inhibits E. coli  and S. aureus with MIC values of 34.0 and 

5.0 lg/mL, respectively [156]. 

3.5 Microalgae 

More than 28,000 potential compounds are reported from microalgae, including hundreds 

of new compounds discovered every year [157]. Most of them have been reported from 

Chordata (including ascidians) and Porifera (sponges), but they are hard to cultivate, and to 

attain a sustainable supply of the compounds of interest is problematic.  In recent times, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

high interest is paid in analysing the biotechnological potential of microalgae as they have 

short generation time, easier to cultivate, and signify an eco-friendly approach but a less 

explored resource for drug discovery. Microalgae are photosynthetic eukaryotes compris-

ing one of the key members of freshwater and marine phytoplankton and are exceptional 

cradles of pigments, carotenoids, ω-3 fatty acids, lipids and other fine chemicals [158]. 

More than 7000 species are enlisted as “Green microalgae” and they all grow in a diversity 

of habitats. Among the, Haematococcus pluvialis is most important microalgae commercially 

and is also the richest source of natural astaxanthin which is regarded as “super anti-oxi-

dant.” [159]. 

3.5.1 Antioxidants from microalgae: 

L-Ascorbic acid (vitamin C), present both in cytosol and chloroplast, reduce many ROS 

and act as a scavenger for hydroxyl radicals, superoxide, and lipid hydroperoxides. Max-

imum concentration of vitamin C was reported from Chlorella sp. [160] and Dunaliella sp. 

[161], Skeletonema costatum and Chaetoceros calcitrans. Glutathione (GSH), a tripeptide (Glu-

Cys-Gly), acts as a sequence breaker of ROS reactions and regeneration of ascorbate. α-

tocopherol is the most active antioxidant synthesized in the chloroplasts of microalgae Du-

naliella tertiolecta and Tetraselmis suecica. The lipophilic carotenoids, synthesized in diatoms 

and dinoflagellates  (Figure 5) allow quenching of singlet oxygen [162], leading to the for-

mation of a carotenoid triplet state (equation 1).  

1O2 * + CAR                  3O2 + 3CAR*  (1) 

 

Figure 5. Some antioxidant compounds reported from microalgae. 

Lutein is a xanthophyll and can defend long-chain polyunsaturated fatty acids. A 

microalgae Muriellopsis sp. accumulate high levels of lutein, whereas, in Scenedesmus, lu-

tein production and β-carotene production is accelerated by increasing both the pH and 

temperature throughout the cultivation [163]. The commercial source of lutein is Chloro-

phyte Muriellopsis sp. The secondary carotenoid astaxanthin, an “aquatic” carotenoid, is 

produced by Haematococcus pluvialis via non-mevalonate (MEP) pathway, and sold as an 

antioxidant. It is a secondary metabolite belonging to family lutein, and is present in many 
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seafood including trout, salmon, shrimp, fish eggs and lobster, etc. Its antioxidant activity 

is 65 times stronger than vitamin C and 54 times more powerful than β-carotene. An an-

nual worldwide market of astaxanthin is estimated to be US$ 200 million. Approximately 

95% astaxanthin is synthetically synthesized, whereas only 1.5-3.0% is naturally derived 

from H. pluvialis [164]. 

Recently, AIgatechnologies, Mera Pharmaceuticals Inc, Cyanotech Corporation, Fuji 

Chemical Industry Co. Ltd etc. are involved in commercial production of H. pluvialis and 

astaxanthin, which is approved in several  European countries, USA, and Japan as a color 

additive and as a dietry-supplement for human consumption [165]. The UK Food stand-

ards Agency (FSA) approved CO2 extracts from H. pluvialis as a “novel food” and US FDA 

(Food and Drug Administration) approved it as a “GRAS” (Generally Recognised as Safe) 

for human consumption [164]. The European Food Safety Authority (EFSA) recommended 

the use of 0.034 mg/kg of body weight of astaxanthin. Spiller and Dewell (2003) reported 

that 2-4 mg of a daily dose of astaxanthin is safe whereas not toxicity was repoted upto 

6mg/day consumption [166]. β-carotene, isolated from the halophile Dunaliella salina, is 

commercially produced for its antioxidant properties. Marennine is isolated from the ma-

rine diatom Haslea ostrearia also have antioxidant and antimicrobial activities [167]. Apart 

from diatoms, additional microalgae, including flagellates, dinoflagellates and green algae 

have also been scrutinized for potential biotechnological applications [168]. Carotenoid 

fucoxanthin reported from brown seaweeds and some diatom species also have antioxi-

dant, antidiabetic, antiangiogenic, anti-inflammatory, anticancer, and antimalarial activi-

ties. Methanolic extract of  microlgae, Spirulina maxima exhibit antioxidant properties with 

the IC50 of 0.18 mg/ml [169]. The methanol extract from Chlorococcum minu-

tum NIOF17/002, isolated from the Delta region of Egypt, revealed the maximum reducing 

activity and total antioxidant activity of 3.92 and 9.83 mg of ascorbic acid equivalents g−1, 

respectively [170]. 

3.5.2 Antimicrobial activity of microalgae: 

The antimicrobial activity of microalgae is due to the presence of phytochemicals 

(table 8), including indoles, acetogenins, terpenes, fatty acids, phenols, and volatile halo-

genated hydrocarbons  in them (Table 7) [171] . The antimicrobial activity of Chaetoceros 

muelleri extracts is due to its lipid configuration, whereas the antimicrobial activity of Du-

naliella salina is attributed to the presence of β-cyclocitral, α and β-ionone, phytol and neo-

phytadiene [172]. In natural environmental conditions microalgal cells releases fatty acids 

against predators and pathogenic bacteria. It is elucidated that these fatty acids act on bac-

terial cellular membrane causing a cell seepage, a decline in nutrient intake and a reduces 

cellular respiration, ultimately resulting in cell death [173].  

Table 7. Selected antimicrobial extracts from microalgae.  

Microalga  Target microorganism Active extract Refer-

ences 

Scenedesmus 

quadricauda 

Staphylococcus aureus and Pseudo-

monas aeruginosa 

Methanolic ex-

tract 

[174] 

Tetraselmis 

sp.  

Escherichia coli, Pseudomonas 

aeruginosa and Staphylococcus 

aureus 

Ethanolic extract [175]  

Phaeodacty-

lum tricornu-

tum 

Listonella anguillarum, Lactococcus 

garvieae,Vibrio spp. and MRSA 

Eicosapentae-

noic acid 

[173, 

176] 
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C. vulgaris Steinernema feltiae Hydrophilic ex-

tracts 

[177] 

Skeletonema 

costatum 

Listeria monocytogenes Extra-metabo-

lites 

 

Skeletonema 

costatum 

Vibrio spp., Pseudomonas sp. 

and Listeria monocytogenes 

Unsaturated, sat-

urated 

long chain fatty 

acids 

[178] 

Haematococ-

cus pluvialis 

Escherichia coli, Staphylococcus 

aureus, Candida albicans 

Short-chain fatty 

acids 

(butanoic acid 

and 

methyl lactate), 

Astaxanthin 

  [178] 

Am-

phidinium 

sp. 

A. niger, Trichomonas foetus Karatungiols  [179] 

Chlamydo-

monas rein-

hardtii 

Aspergillus  niger, Aspergillus  

fumigatus, Candida albicans, S. au-

reus and E. coli 

Methanolic ex-

tracts 

[180] 

Chlorellin, the first antibacterial compound from a microalga, Chlorella is composed 

of a mixture of fatty acid and it was isolated by Pratt et al. in 1994 and also inhibit the 

activity of both Gram+ and Gram- bacteria [181]. Arthrospira platensis, commercially known 

as Spirulina had MIC values of 0.20% for L. innocua and P. fluorescens and 0.25% for Serratia 

whereas minimal bactericidal concentration (MBC) value was 0.30% for all the species 

[182]. HPTLC screening and GC–MS analyses is done to detect and screen the antimicro-

bial compounds present in macroalgae. Peptides namely AQ-1756, AQ-1757, and AQ-1766 

identified from Tetraselmis suecica exhibited an antibacterial activity resulting in decreasing 

cell viability (human embryonic kidney cells) (HEK293) upto 75% after 24 h of treatment. 

AQ-1766 was more active against Gram+ than Gram– bacteria, with MBC values between 

40 and 50 µM [183]. 

3.6 Yeast 

Yeasts are mostly occurred in milk, processed milk, raw materials, meat, and food 

products such as fruit yogurt, sausage and cheeses. Yeasts usually produce antimicrobial 

compounds that inhibit growth of harmful bacteria or mold. Some classes of yeasts secrete 

toxins thereby naming them killer yeasts. Killer yeasts naturally occur in rotten vegetables 

and fruits and constrain growth of other yeast strains and also inhibit microbial growth 

[184]. Saccharomyces cerevisiae (Baker’s yeast), unicellular yeast, is most widely studied mi-

croorganisms that are involved in many biotechnological practices because of its good fer-

mentation capacity [185]. Inhibitory mechanism of S. cerevisiae killer strains were discov-

ered in 1963 by Bevan and his team and the phenomenon is related with the secretion of a 

protein toxin, k1 and k28 from host that kills sensitive target pathogenic cells in a receptor-

mediated approach without direct cell-to-cell contact [186]. Other strains producing killer 

toxins include Cryptococcus, Candida, Kluyveromyces, Williopsis, Pichia, Debaromyces, and Zy-

gosaccharomyces [187]. Anti-bacterial capability of S. cerevisiae is attributed to: 

a) Secretion of inhibitory proteins 
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b) Production of extracellular protease  

c) Stimulation of immunoglobulin A  

d) Procurement and eradication of secreted toxins  

e) Killer toxins, sulfur dioxide etc.  

Sequential repitching of Saccharomyces biomass is a common process during brewing. 

Therefore, yeast is reused many times before its final dumping [188]. Hence yeast develops 

an adaptive response against oxidative stress alike to that of human cells, leading to the 

accumulation of vitamins (B6 and B12) and minerals (enzyme co-factors including zinc, 

manganese, and copper) in yeast cell. Phenolic compounds are also adsorbed by Saccharo-

myces from the exterior medium, which increases the phenolic content and antioxidant ac-

tivity within yeast cells [189]. Efficient means are required of disrupting yeast cell walls 

and separating the products of interest which are further used for food applications.  

The antioxidant property of yeast is due to the high content of polysaccharides, β-D-glu-

cans, and α-D-mannans existing in the yeast cell wall. These two cell wall polysaccharides 

were isolated from the industrial yeast strains, Saccharomyces cerevisiae, and Candida utilis.  

β-D-glucans and α-D-mannans exhibited a protective effect of water-soluble carboxymeth-

ylated yeast (1→3)-β-D-glucan (CMG) alongside lipid peroxidation in phosphatidylcho-

line liposomes, which act as a cell membrane model. CMG is also cable of inhibiting pe-

roxidation persuaded by ultraviolet radiation (UVA), which causes the production of sin-

glet oxygen. The use of Saccharomyces β-glucans had already been approved by the Euro-

pean Food Safety Authority (EFSA). Saccharomyces β-glucans, denoted as “yeast beta-glu-

cans,” is used as a latest food ingredient [190].  

Peroxiredoxins (Prxs) are discovered as an abundant proteins’ family of antioxidant 

enzymes, expressed ubiquitously, and act as peroxidases which reduce H2O2 and alkyl hy-

droperoxides into water or alcohol, respectively. The Prx superfamily comprises of  two 

subgroups, 1-Cys Prx and 2-Cys Prx, based on the occurrence of one or two preserved 

cysteine residues (Figure 6) [191]. Prx had first discovered in Saccharomyces cerevisiae as a 

protein that could prevent the reactivation of glutamine synthetase via thiol/Fe (III)/oxy-

gen oxidation system. The genome of S. cerevisiae encompasses a sequence (ORF 

YBL064C), which codes for a protein corresponding to human 1-Cys Prx [192]. 
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Figure 6.  Two-step catalytic mechanism of 2-Cys Prx. The sulfhydryl group at the 2-Cys Prxs is oxidized to sulfenic acid (–SOH) 

which condenses with the –SH group at the cysteine from the other subunit forming an inter-subunit disulfide bond. This bond if 

further reduced by thioredoxin (Trx) or another reductase. Continuous peroxide signalling lead tversible hyperoxidation and for-

mation of sulfinic acid (–SOOH) at the peroxidatic cysteine. Sulfinic 2-Cys Prx is reduced by sulfiredoxin (Srx) with the consumption 

of an ATP and generates a sulfinic phosphoryl ester intermediate. Cys 99 present in Srx react with this intermediate to form thiosul-

finate that can be attacked by RSH to generate sulfenic acid. (RSH signifies a thiol equivalent such as glutathione, dithiothreitol, or 

thioredoxin). Adapted from [193]. 

3.7 Protozoa 

Protozoa are regarded as first and simplest organisms of the animal kingdom dis-

covered by Anton van Leeuwenhoek using simple lens microscopes, he constructed. Most 

protozoan species are unicellular, free-living, motile and microscopic in size whereas some 

species are mutualistic and parasitic in nature. More than 10,000 protozoan species are 

described as parasitic [194]. Protozoan diseases are either very mild or life-threaten-

ing.  Toxoplasma gondii is a very usual protozoan parasite which causes a slight prelimi-

nary illness which is followed by a long-lasting latent infection. Entamoeba histolytica, Tryp-

anosoma, Giardia, Leishmania, Trichomonads and Plasmodium are usually anaerobic but some-

times found to be microaerobic or microaerophilic and produce H202 as a product of me-

tabolism. Some intracellular protozoans are manifest to the toxic oxygen metabolites pro-

duced by the host’s effector immune cells. Protozoa lack or are deficient in antioxidant 

enzyme systems i.e. catalase, GSH and SOD, which are necessary for the detoxification of 

H202. However, they have alternative detoxification mechanisms. Higher concentration of 

NADH dependent oxidase and lower concentration of NADH dependent peroxidase ac-

tivities were perceived to accomplish this task. Entamoeba histolytica, Trichomonas vaginalis 

and Tritrichomonas foetus were reported to encompass NADH oxidase activity. Since pro-

tozoa are known to be parasitic, very few reports are available regarding their antimicro-

bial activity. Pant et al. in 1997 reported the production of photosensitive red pigment, 

blepharismin (BLR) from a ciliated protozoan Blepharisma japonicum. BLR prevents the 

growth of Gram positive methicillin resistant Staphylococcus aureus (MRSA) which is re-

sistant to arbekacin (ABK) [195]. Another report is of climacostol (5-[(2Z)-non-2-en-1-yl] 

benzene-1, 3-diol) from Buonanno et al. (2020) which is a toxic secondary metabolite re-

ported from ciliate Climacostomum virens and are used for defence against predators. Cli-

macostol was analyzed to be cytotoxic against Blepharisma japonicum, Dileptus margaritifer, 

Didinium nasutum, Spirostomum ambiguum, Euplotes aediculatus, Paramecium tetraure-

lia, Stentor coeruleus, Spirostomum teres and Stentor niger. Alkyl and alkynyl derivatives of 

climacostol also inhibits the fungus Candida albicans, some Gram positive and Gram nega-

tive pathogen bacteria [196]. Yet a lot is remained to be explored about the protozoan. 

4. Future prospectus  

Bioactive pigments producing microorganisms are relatively common in nature. 

Hence research on antioxidants and antimicrobial agents is a real and major challenge of 

this century, predominantly due to cumulative resistance of microorganisms to synthetic 

antibiotics. Antimicrobial resistance to an extensive range of contagious agents is a severe 

global threat to public health and arose a major concern to various countries and multiple 

sectors. Microorganisms are presently considered as a significant source of therapeutic bi-

oactive compounds that might lead to the advancement towards the novel drugs. Maxi-

mum bioactive compounds from microbial sources include phenolics and flavonoids that 

exhibit positive impact on health and wellbeing. Nowadays about 60% of drugs available 

in the market are from natural sources. Microorganisms produce nearly 23,000 known sec-

ondary metabolites including 42% entirely produced by actinomycetes and fungi, and ap-

proximately 16% is formed by eubacteria. Increased level of ROS, RNS, and RSS results in 

metabolic malfunctioning, aberrations in cellular proteins, RNA and DNA, lipids and ul-

timately cell death. Antioxidant, including catalase, glutathione peroxidase, SOD, caro-

tenes, flavonoids, reduced glutathione, bilirubin, coenzyme Q, and vitamin C control the 

damage caused by ROS. MSH present in the cell wall of actinomycetes is an analogue of 
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GSH that detoxify electrophiles, NO, arsenate, NaClO and H2O2 stress. Same as MSH, BR 

is manufactured by archaea, which is equivalent to carotenoids and offers resistant against 

gamma irradiation and DNA damage same as bacterial carotenoid. From 1987 to 2000, 

around 140 new natural products were mined from endophytic fungi and mushroom, 

which are utilized as a cure for various ailments caused due to oxidative stress. Ample of 

research were conducted to testify the antioxidant activity of various extracts from the mi-

crobes. The methanolic extract of Cantharellus cibarius had antioxidant components that are 

phenols and flavonoids. Astaxanthin produced by H. pluvialis is sold as an antioxidant and 

H. pluvialis is approved by FSA and US FDA as a “GRAS” (Generally Recognised as Safe) 

for human consumption. Likewise, yeast cell wall contains polysaccharides, β-D-glucans, 

and α-D-mannans which act as a cell membrane model. 

Apart from antioxidant activity, microorganisms also have antimicrobial activities. 

The discovery of Penicillin by Alexander Fleming was the beginning of a marvellous trend 

of using microorganisms for the human welfare. Marine or terrestrial Actinobacteria uti-

lize enzymes PKS or NRPS to synthesize bioactive compounds having antibacterial activ-

ity against a panel of Gram+ and Gram- bacteria. Whereas, archaea produce archaeocins 

including halocins and sulfolobicins marking the beginning of the series of antimicrobial 

compounds. Bacteriocins are antimicrobial ribosomal peptides described from all major 

bacterial lineages. Bacteriocins from LAB are considered GRAS by FDA, preventing the 

biosynthesis of peptidoglycan by binding with lipid II. Colicins, a bacteriocidal protein, 

synthesized by Gram- bacteria Escherichia coli. Nisin is the first antimicrobial peptide and 

is also considered as GRAS by both FDA and WHO. Similarly, chlorellin is the first anti-

bacterial compound isolated from a microalga, Chlorella, inhibiting the activity of both 

Gram+ and Gram- bacteria. Overall, there are auspicious signs for antioxidant and antimi-

crobial compound discovery, but extensive research is required to interpret scientific pro-

gresses into clinically accepted components. 

5. Conclusions 

The present review highlights the potential of microorganisms to produces antioxi-

dant and antimicrobial compounds and their importance as innovative sources of natural 

bioactive molecules. Microorganisms are easily cultivable and deliver quicker production 

of natural antioxidants as compared to higher plants and are non-mutagenic and non-

cytotoxic over synthetic antioxidants. Microorganisms, due to its potential activity against 

several pathogenic microbial strains, can act as a potential source of many drugs to cure 

patients infected with pathogenic microbial strains. There is a vast diversity of microor-

ganisms, but only a minor section of microbes has been cultured and examined for sec-

ondary metabolite production. A deeper inspection of known microbial bioactive com-

pounds might lead to the development of new drugs. The factors significant for the dis-

covery of novel compounds of the future are our capability to exploit nature's biodiver-

sity. 

Author Contributions: Aacquisition of data, analysis and original draft and table preparation, A.R.; 

Formal analysis, reviewing and figure preparation, K. C. S.; review and editing, F.B., S. M., S. K. B., 

R. L. and A. Z. All authors have read and agreed to the published version of the manuscript. 

Funding: Please add: “This research received no external funding. 

Informed Consent Statement: Not applicable. 

Acknowledgments: R. A. acknowledges the Indian Council of Medical Research (ICMR), New 

Delhi, India for the SRF. S. K.C. gratefully acknowledges Council of Scientific and Industrial Re-

search (CSIR), New Delhi, India, for the financial support towards Ph.D. Both R. A. and S.K.C. 

Acknowledges Central University of Punjab, for administrative and technical support. Diagrams 

were created with BioRender.com 

Conflicts of Interest: The authors declare no conflict of interest 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

References 

  

1. Nannipieri, P., Ascher-Jenull, J., Ceccherini, M.T., Pietramellara, G., Renella, G., Schloter, M. Beyond microbial diversity for 

predicting soil functions: A mini review. Pedosphere. 2020;30(1):5-17. 

2. Demain, A.L. Importance of microbial natural products and the need to revitalize their discovery. Journal of industrial 

microbiology & biotechnology. 2014;41(2):185-201. 

4. Singh, R., Kumar, M., Mittal, A., Mehta, P.K. Microbial metabolites in nutrition, healthcare and agriculture. 3 Biotech. 

2017;7(1):15. 

5. Van Boeckel, T.P., Brower, C., Gilbert, M., Grenfell, B.T., Levin, S.A., Robinson, T.P., Teillant, A., Laxminarayan, R. Global 

trends in antimicrobial use in food animals. Proceedings of the National Academy of Sciences. 2015;112(18):5649-54. 

6. Andrei, S., Valeanu, L., Chirvasuta, R., Stefan, M.-G. New FDA approved antibacterial drugs: 2015-2017. Discoveries (Craiova). 

2018;6(1):e81-e. 

7. Zhang, C., Chen, X., Too, H.-P. Microbial astaxanthin biosynthesis: recent achievements, challenges, and commercialization 

outlook. Applied Microbiology and Biotechnology. 2020;104(13):5725-37. 

8. Park, S.Y., Binkley, R.M., Kim, W.J., Lee, M.H., Lee, S.Y. Metabolic engineering of Escherichia coli for high-level astaxanthin 

production with high productivity. Metabolic Engineering. 2018;49:105-15. 

9. Molino, A., Mehariya, S., Di Sanzo, G., Larocca, V., Martino, M., Leone, G.P., Marino, T., Chianese, S., Balducchi, R., Musmarra, 

D. Recent developments in supercritical fluid extraction of bioactive compounds from microalgae: Role of key parameters, 

technological achievements and challenges. Journal of CO2 Utilization. 2020;36:196-209. 

10. Zeb, A. Concept, mechanism, and applications of phenolic antioxidants in foods. Journal of Food Biochemistry. 2020;44(9):e13394. 

11. Amany, M., Abdel-Raheam, H.E. Red and yellow monascus pigments as potential natural antioxidants for fatty foods. Plant 

Archives. 2020;20(2):444-9. 

12. Tripathi, V.C., Horam, S., Singh, A., Lata, M., Reddy, T.J., Arockiaraj, J., Pasupuleti, M. The discovery of antioxidants in marine 

microorganisms and their protective effects on the hepatic cells from chemical-induced oxidative stress. Free Radical Research. 

2020;54(2-3):150-61. 

14. Fan, F., Vetting, M.W., Frantom, P.A., Blanchard, J.S. Structures and mechanisms of the mycothiol biosynthetic enzymes. 

Current opinion in chemical biology. 2009;13(4):451-9. 

15. Reyes, A.M., Pedre, B., De Armas, M.I., Tossounian, M.-A., Radi, R., Messens, J., Trujillo, M. Chemistry and redox biology of 

mycothiol. Antioxidants & Redox Signaling. 2018;28(6):487-504. 

16. Li, X., Liu, Y., Zhong, J., Che, C., Gong, Z., Si, M., Yang, G. Molecular mechanisms of Mycoredoxin-1 in resistance to oxidative 

stress in Corynebacterium glutamicum. The Journal of General and Applied Microbiology. 2020. 

17. Loi, V.V., Rossius, M., Antelmann, H. Redox regulation by reversible protein S-thiolation in bacteria. Frontiers in microbiology. 

2015;6:187. 

18. Imber, M., Pietrzyk-Brzezinska, A.J., Antelmann, H. Redox regulation by reversible protein S-thiolation in Gram-positive 

bacteria. Redox biology. 2019;20:130-45. 

19. Chandrangsu, P., Loi, V.V., Antelmann, H., Helmann, J.D. The role of bacillithiol in Gram-positive Firmicutes. Antioxidants & 

redox signaling. 2018;28(6):445-62. 

20. Tossounian, M.-A., Pedre, B., Wahni, K., Erdogan, H., Vertommen, D., Van Molle, I., Messens, J. Corynebacterium diphtheriae 

methionine sulfoxide reductase a exploits a unique mycothiol redox relay mechanism. Journal of Biological Chemistry. 

2015;290(18):11365-75. 

22. Harir, M., Bendif, H., Bellahcene, M., Fortas, Z., Pogni, R. Streptomyces secondary metabolites. Basic Biology and Applications of 

Actinobacteria. 2018;6:99-122. 

23. Dholakiya, R.N., Kumar, R., Mishra, A., Mody, K.H., Jha, B. Antibacterial and antioxidant activities of novel actinobacteria 

strain isolated from Gulf of Khambhat, Gujarat. Frontiers in microbiology. 2017;8:2420. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

24. Siddharth, S., Vittal, R.R. Evaluation of antimicrobial, enzyme inhibitory, antioxidant and cytotoxic activities of partially 

purified volatile metabolites of marine Streptomyces sp. S2A. Microorganisms. 2018;6(3):72. 

25. Martínez-Núñez, M.A., Rodríguez-Escamilla, Z. Mining the Yucatan Coastal Microbiome for the Identification of Non-

Ribosomal Peptides Synthetase (NRPS) Genes. Toxins. 2020;12(6):349. 

26. Asamizu, S. Biosynthesis of nitrogen-containing natural products, C7N aminocyclitols and bis-indoles, from actinomycetes. 

Bioscience, Biotechnology, and Biochemistry. 2017;81(5):871-81. 

27. McArthur, K.A., Mitchell, S.S., Tsueng, G., Rheingold, A., White, D.J., Grodberg, J., Lam, K.S., Potts, B.C. Lynamicins a− e, 

chlorinated bisindole pyrrole antibiotics from a novel marine actinomycete. Journal of Natural Products. 2008;71(10):1732-7. 

28. Igarashi, Y., Ogura, H., Furihata, K., Oku, N., Indananda, C., Thamchaipenet, A. Maklamicin, an antibacterial polyketide from 

an endophytic Micromonospora sp. Journal of natural products. 2011;74(4):670-4. 

29. Zhang, J., Wang, J.-D., Liu, C.-X., Yuan, J.-H., Wang, X.-J., Xiang, W.-S. A new prenylated indole derivative from endophytic 

actinobacteria Streptomyces sp. neau-D50. Natural Product Research. 2014;28(7):431-7. 

30. Djinni, I., Defant, A., Kecha, M., Mancini, I. Metabolite profile of marine‐derived endophytic Streptomyces sundarbansensis WR 

1 L 1 S 8 by liquid chromatography–mass spectrometry and evaluation of culture conditions on antibacterial activity and mycelial 

growth. Journal of applied microbiology. 2014;116(1):39-50. 

31. Yang, X., Peng, T., Yang, Y., Li, W., Xiong, J., Zhao, L., Ding, Z. Antimicrobial and antioxidant activities of a new benzamide 

from endophytic Streptomyces sp. YIM 67086. Natural product research. 2015;29(4):331-5. 

32. Ding, W.-J., Zhang, S.-Q., Wang, J.-H., Lin, Y.-X., Liang, Q.-X., Zhao, W.-J., Li, C.-Y. A new di-O-prenylated flavone from an 

actinomycete Streptomyces sp. MA-12. Journal of asian natural products research. 2013;15(2):209-14. 

33. Yang, X., Yang, Y., Peng, T., Yang, F., Zhou, H., Zhao, L., Xu, L., Ding, Z. A new cyclopeptide from endophytic Streptomyces 

sp. YIM 64018. Natural product communications. 2013;8(12):1934578X1300801225. 

34. Nguyen, H.Q., Vu, N.T.-H., Chu, H.H., Chu, S.K., Hoang, H., Tran, T.T., Nguyen, C., Dinh, L.T.-M., Trinh, H.T.-T., Phi, T.Q. 

Draft genome sequence of Streptomyces cavourensis YBQ59, an endophytic producer of antibiotics bafilomycin D, Nonactic Acid, 

Prelactone B, and 5, 11-Epoxy-10-Cadinanol. Microbiology Resource Announcements. 2018;7(11). 

35. Sabino, C., Basic, M., Bender, D., Elgner, F., Himmelsbach, K., Hildt, E. Bafilomycin A1 and U18666A efficiently impair ZIKV 

infection. Viruses. 2019;11(6):524. 

36. Dai, J., Han, R., Xu, Y., Li, N., Wang, J.-R., Dan, W. Recent progress of antibacterial natural products: Future antibiotics 

candidates. Bioorganic Chemistry. 2020;101:103922. 

37. Li, Y., Han, L., Rong, H., Li, L., Zhao, L., Wu, L., Xu, L., Jiang, Y., Huang, X. Diastaphenazine, a new dimeric phenazine from 

an endophytic Streptomyces diastaticus subsp. ardesiacus. The Journal of Antibiotics. 2015;68(3):210-2. 

39. Savi, D.C., Shaaban, K.A., Vargas, N., Ponomareva, L.V., Possiede, Y.M., Thorson, J.S., Glienke, C., Rohr, J. Microbispora  sp. 

LGMB259 endophytic actinomycete isolated from Vochysia divergens (Pantanal, Brazil) producing β-carbolines and indoles with 

biological activity. Current microbiology. 2015;70(3):345-54. 

40. Zhou, H., Yang, Y., Peng, T., Li, W., Zhao, L., Xu, L., Ding, Z. Metabolites of Streptomyces sp., an endophytic actinomycete from 

Alpinia oxyphylla. Natural Product Research. 2014;28(4):265-7. 

41. Ayswaria, R., Vasu, V., Krishna, R. Diverse endophytic Streptomyces species with dynamic metabolites and their meritorious 

applications: a critical review. Critical Reviews in Microbiology. 2020;46(6):750-8. 

42. Yan, L.-L., Han, N.-N., Zhang, Y.-Q., Yu, L.-Y., Chen, J., Wei, Y.-Z., Li, Q.-P., Tao, L., Zheng, G.-H., Yang, S.-E. Antimycin A 18 

produced by an endophytic Streptomyces albidoflavus isolated from a mangrove plant. The Journal of Antibiotics. 2010;63(5):259-61. 

43. Giani, M., Garbayo, I., Vílchez, C., Martínez-Espinosa, R.M. Haloarchaeal carotenoids: healthy novel compounds from extreme 

environments. Marine drugs. 2019;17(9):524. 

44. Rodrigo-Baños, M., Garbayo, I., Vílchez, C., Bonete, M.J., Martínez-Espinosa, R.M. Carotenoids from Haloarchaea and their 

potential in biotechnology. Marine Drugs. 2015;13(9):5508-32. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

45. Madern, D., Camacho, M., Rodríguez-Arnedo, A., Bonete, M.-J., Zaccai, G. Salt-dependent studies of NADP-dependent 

isocitrate dehydrogenase from the halophilic archaeon Haloferax volcanii. Extremophiles. 2004;8(5):377-84. 

46. Yatsunami, R., Ando, A., Yang, Y., Takaichi, S., Kohno, M., Matsumura, Y., Ikeda, H., Fukui, T., Nakasone, K., Fujita, N. 

Identification of carotenoids from the extremely halophilic archaeon Haloarcula  japonica. Frontiers in microbiology. 2014;5:100. 

47. Barkur, S., Bankapur, A., Chidangil, S., Mathur, D. Effect of infrared light on live blood cells: Role of β-carotene. Journal of 

Photochemistry and Photobiology B: Biology. 2017;171:104-16. 

48. Sahli, K., Gomri, M.A., Esclapez, J., Gómez‐Villegas, P., Ghennai, O., Bonete, M.J., León, R., Kharroub, K. Bioprospecting and 

characterization of pigmented halophilic archaeal strains from Algerian hypersaline environments with analysis of carotenoids 

produced by Halorubrum sp. BS2. Journal of Basic Microbiology. 2020. 

49. Kumar, V., Tiwari, S.K. Halocin HA1: An archaeocin produced by the haloarchaeon Haloferax larsenii HA1. Process Biochemistry. 

2017;61:202-8. 

50. Quehenberger, J., Shen, L., Albers, S.-V., Siebers, B., Spadiut, O. Sulfolobus–a potential key organism in future biotechnology. 

Frontiers in microbiology. 2017;8:2474. 

51. Rodriguez-Valera, F., Juez, G., Kushner, D. Halocins: salt-dependent bacteriocins produced by extremely halophilic rods. 

Canadian Journal of Microbiology. 1982;28(1):151-4. 

53. Mazguene, S., Rossi, M., Gogliettino, M., Palmieri, G., Cocca, E., Mirino, S., Imadalou-Idres, N., Benallaoua, S. Isolation and 

characterization from solar salterns of North Algeria of a haloarchaeon producing a new halocin. Extremophiles. 2018;22(2):259-70. 

54. de Castro, I., Mendo, S., Caetano, T. Antibiotics from Haloarchaea: What Can We Learn from Comparative Genomics? Marine 

Biotechnology. 2020;22(2):308-16. 

55. Karthikeyan, P., Bhat, S.G., Chandrasekaran, M. Halocin SH10 production by an extreme haloarchaeon Natrinema sp. BTSH10 

isolated from salt pans of South India. Saudi journal of biological sciences. 2013;20(2):205-12. 

56. Negash, A.W., Tsehai, B.A. Current Applications of Bacteriocin. International Journal of Microbiology. 2020;2020. 

57. Price, L.B., Shand, R.F. Halocin S8: a 36-amino-acid microhalocin from the haloarchaeal strain S8a. Journal of bacteriology. 

2000;182(17):4951-8. 

58. Ghanmi, F., Carré-Mlouka, A., Zarai, Z., Mejdoub, H., Peduzzi, J., Maalej, S., Rebuffat, S. The extremely halophilic archaeon 

Halobacterium salinarum ETD5 from the solar saltern of Sfax (Tunisia) produces multiple halocins. Research in Microbiology. 

2020;171(2):80-90. 

59. Besse, A., Vandervennet, M., Goulard, C., Peduzzi, J., Isaac, S., Rebuffat, S., Carré-Mlouka, A. Halocin C8: an antimicrobial 

peptide distributed among four halophilic archaeal genera: Natrinema, Haloterrigena, Haloferax, and Halobacterium. Extremophiles. 

2017;21(3):623-38. 

60. O'connor, E., Shand, R. Halocins and sulfolobicins: the emerging story of archaeal protein and peptide antibiotics. Journal of 

Industrial Microbiology and Biotechnology. 2002;28(1):23-31. 

61. Kumariya, R., Garsa, A.K., Rajput, Y., Sood, S., Akhtar, N., Patel, S. Bacteriocins: Classification, synthesis, mechanism of action 

and resistance development in food spoilage causing bacteria. Microbial pathogenesis. 2019;128:171-7. 

62. Saini, R.K., Keum, Y.-S. Microbial platforms to produce commercially vital carotenoids at industrial scale: an updated review 

of critical issues. Journal of industrial microbiology & biotechnology. 2019;46(5):657-74. 

63. da Costa Cardoso, L.A., Kanno, K.Y.F., Karp, S.G. Microbial production of carotenoids A review. African Journal of Biotechnology. 

2017;16(4):139-46. 

64. Gong, G., Zhang, X., Tan, T. Simultaneously enhanced intracellular lipogenesis and β-carotene biosynthesis of Rhodotorula 

glutinis by light exposure with sodium acetate as the substrate. Bioresource technology. 2020;295:122274. 

65. Correa-Llantén, D.N., Amenábar, M.J., Blamey, J.M. Antioxidant capacity of novel pigments from an Antarctic bacterium. 

Journal of Microbiology. 2012;50(3):374-9. 

66. Shindo, K., Misawa, N. New and rare carotenoids isolated from marine bacteria and their antioxidant activities. Marine drugs. 

2014;12(3):1690-8. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

67. Yokoyama, A., Adachi, K., Shizuri, Y. New carotenoid glucosides, astaxanthin glucoside and adonixanthin glucoside, isolated 

from the astaxanthin-producing marine bacterium, Agrobacterium aurantiacum. Journal of Natural Products. 1995;58(12):1929-33. 

68. Yokoyama, A., Miki, W., Izumida, H., Shizuri, Y. New trihydroxy-keto-carotenoids isolated from an astaxanthin-producing 

marine bacterium. Bioscience, biotechnology, and biochemistry. 1996;60(2):200-3. 

69. Yokoyama, A., Izumida, H., Shizuri, Y. New carotenoid sulfates isolated from a marine bacterium. Bioscience, biotechnology, and 

biochemistry. 1996;60(11):1877-8. 

70. Liu, H., Zhang, C., Zhang, X., Tan, K., Zhang, H., Cheng, D., Ye, T., Li, S., Ma, H., Zheng, H. A novel carotenoids-producing 

marine bacterium from noble scallop Chlamys nobilis and antioxidant activities of its carotenoid compositions. Food Chemistry. 

2020:126629. 

71. Mishra, S., Reddy, D.S.K., Jamwal, V.S., Bansal, D.D., Patel, D.D., Malhotra, P., Gupta, A.K., Singh, P.K., Jawed, S., Kumar, R. 

Semiquinone derivative isolated from Bacillus  sp. INM-1 protects cellular antioxidant enzymes from γ-radiation-induced renal 

toxicity. Molecular and Cellular Biochemistry. 2013;379(1):19-27. 

72. Sy, C., Dangles, O., Borel, P., Caris-Veyrat, C. Interactions between carotenoids from marine bacteria and other micronutrients: 

impact on stability and antioxidant activity. Marine drugs. 2015;13(11):7020-39. 

73. Sumi, C.D., Yang, B.W., Yeo, I.-C., Hahm, Y.T. Antimicrobial peptides of the genus Bacillus : a new era for antibiotics. Canadian 

journal of microbiology. 2015;61(2):93-103. 

74. Zhao, X., Kuipers, O.P. Identification and classification of known and putative antimicrobial compounds produced by a wide 

variety of Bacillales species. BMC genomics. 2016;17(1):882. 

75. Olishevska, S., Nickzad, A., Déziel, E. Bacillus  and PaeniBacillus  secreted polyketides and peptides involved in controlling 

human and plant pathogens. Applied microbiology and biotechnology. 2019;103(3):1189-215. 

76. Yan, G., Liu, J., Ma, Q., Zhu, R., Guo, Z., Gao, C., Wang, S., Yu, L., Gu, J., Hu, D. The N-terminal and central domain of colicin 

A enables phage lysin to lyse Escherichia coli extracellularly. Antonie Van Leeuwenhoek. 2017;110(12):1627-35. 

77. Register, F. Nisin preparation: affirmation of GRAS status as a direct human food ingredient. Federal Register. 1988;53:11247-

51. 

78. Lozo, J., Vukasinovic, M., Strahinic, I., Topisirovic, L. Characterization and antimicrobial activity of bacteriocin 217 produced 

by natural isolate LactoBacillus   paracasei subsp. paracasei BGBUK2-16. Journal of food protection. 2004;67(12):2727-34. 

79. Newstead, L.L., Varjonen, K., Nuttall, T., Paterson, G.K. Staphylococcal-Produced Bacteriocins and Antimicrobial Peptides: 

Their Potential as Alternative Treatments for Staphylococcus aureus Infections. Antibiotics. 2020;9(2):40. 

80. López-Cuellar, M.d.R., Rodríguez-Hernández, A.-I., Chavarría-Hernández, N. LAB bacteriocin applications in the last decade. 

Biotechnology & Biotechnological Equipment. 2016;30(6):1039-50. 

81. Maqueda, M., Sánchez-Hidalgo, M., Fernández, M., Montalbán-López, M., Valdivia, E., Martínez-Bueno, M. Genetic features 

of circular bacteriocins produced by Gram-positive bacteria. FEMS microbiology reviews. 2008;32(1):2-22. 

82. Baindara, P., Gautam, A., Raghava, G., Korpole, S. Anticancer properties of a defensin like class IId bacteriocin 

Laterosporulin10. Scientific reports. 2017;7:46541. 

83. Yu, X., Lu, N., Wang, J., Chen, Z., Chen, C., Mac Regenstein, J., Zhou, P. Effect of N-terminal modification on the antimicrobial 

activity of nisin. Food Control. 2020:107227. 

84. Peng, X., Zhu, L., Wang, Z., Zhan, X. Enhanced stability of the bactericidal activity of nisin through conjugation with gellan 

gum. International Journal of Biological Macromolecules. 2020;148:525-32. 

85. Heunis, T.D., Smith, C., Dicks, L.M. Evaluation of a nisin-eluting nanofiber scaffold to treat Staphylococcus aureus-induced skin 

infections in mice. Antimicrobial agents and chemotherapy. 2013;57(8):3928-35. 

86. Perez, R.H., Zendo, T., Sonomoto, K. Circular and leaderless bacteriocins: biosynthesis, mode of action, applications, and 

prospects. Frontiers in microbiology. 2018;9:2085. 

87. Perez, R.H., Perez, M.T.M., Elegado, F.B. Bacteriocins from lactic acid bacteria: a review of biosynthesis, mode of action, 

fermentative production, uses, and prospects. International Journal of Philippine Science and Technology. 2015;8(2):61-7. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

88. da Costa, R.J., Voloski, F.L., Mondadori, R.G., Duval, E.H., Fiorentini, Â.M. Preservation of meat products with bacteriocins 

produced by lactic acid bacteria isolated from meat. Journal of Food Quality. 2019;2019. 

89. Wang, H., Fewer, D.P., Holm, L., Rouhiainen, L., Sivonen, K. Atlas of nonribosomal peptide and polyketide biosynthetic 

pathways reveals common occurrence of nonmodular enzymes. Proceedings of the National Academy of Sciences. 2014;111(25):9259-64. 

90. Aleti, G., Sessitsch, A., Brader, G. Genome mining: prediction of lipopeptides and polyketides from Bacillus  and related 

Firmicutes. Computational and Structural Biotechnology Journal. 2015;13:192-203. 

91. Baltz, R.H. Combinatorial biosynthesis of cyclic lipopeptide antibiotics: a model for synthetic biology to accelerate the 

evolution of secondary metabolite biosynthetic pathways. ACS synthetic biology. 2014;3(10):748-58. 

92. Lalchhandama, K. Reappraising Fleming’s snot and mould. Mizo Academy of Sciences. 2020;20(1):29-42. 

93. Costa, M.F., de Oliveira, A.M., de Oliveira Junior, E.N. Biodegradation of linear alkylbenzene sulfonate (LAS) by Penicillium 

chrysogenum. Bioresource Technology Reports. 2020;9:100363. 

94. Revilla, G., Ramos, F., López-Nieto, M., Alvarez, E., Martin, J. Glucose represses formation of delta-(L-alpha-aminoadipyl)-L-

cysteinyl-D-valine and isopenicillin N synthase but not penicillin acyltransferase in Penicillium chrysogenum. Journal of bacteriology. 

1986;168(2):947-52. 

95. Zanca, D.M., Martin, J.F. Carbon catabolite regulation of the conversion of penicillin N into cephalosporin C. The Journal of 

antibiotics. 1983;36(6):700-8. 

97. Tan, R.X., Zou, W.X. Endophytes: a rich source of functional metabolites. Natural product reports. 2001;18(4):448-59. 

99. Ancheeva, E., Daletos, G., Proksch, P. Bioactive Secondary Metabolites from Endophytic Fungi. Current Medicinal Chemistry. 

2020;27(11):1836-54. 

100. Kouipou Toghueo, R.M., Boyom, F.F. Endophytic fungi from Terminalia species: a comprehensive review. Journal of Fungi. 

2019;5(2):43. 

101. Zeng, P., Wu, J., Liao, L., Chen, T., Wu, J., Wong, K. In vitro antioxidant activities of endophytic fungi isolated from the 

liverwort Scapania verrucosa. Genetics and Molecular Research. 2011;10(4):3169-79. 

102. Jalgaonwala, R.E., Mohite, B.V., Mahajan, R.T. A review: natural products from plant associated endophytic fungi. J Microbiol 

Biotechnol Res. 2011;1(2):21-32. 

103. Prihantini, A.I., Tachibana, S. Antioxidant compounds produced by Pseudocercospora sp. ESL 02, an endophytic fungus isolated 

from Elaeocarpus sylvestris. Asian Pacific Journal of Tropical Biomedicine. 2017;7(2):110-5. 

105. Caicedo, N.H., Davalos, A.F., Puente, P.A., Rodríguez, A.Y., Caicedo, P.A. Antioxidant activity of exo‐metabolites produced 

by Fusarium oxysporum: An endophytic fungus isolated from leaves of Otoba gracilipes. MicrobiologyOpen. 2019;8(10):e903. 

106. Jaszek, M., Osińska-Jaroszuk, M., Janusz, G., Matuszewska, A., Stefaniuk, D., Sulej, J., Polak, J., Ruminowicz, M., Grzywnowicz, 

K., Jarosz-Wilkołazka, A. New bioactive fungal molecules with high antioxidant and antimicrobial capacity isolated from Cerrena 

unicolor idiophasic cultures. BioMed research international. 2013;2013. 

107. Smith, H., Doyle, S., Murphy, R. Filamentous fungi as a source of natural antioxidants. Food Chemistry. 2015;185:389-97. 

108. Huang, W.-Y., Cai, Y.-Z., Hyde, K.D., Corke, H., Sun, M. Endophytic fungi from Nerium oleander L. (Apocynaceae): main 

constituents and antioxidant activity. World Journal of Microbiology and Biotechnology. 2007;23(9):1253-63. 

110. Raman, J., Jang, K.-Y., Oh, Y.-L., Oh, M., Im, J.-H., Lakshmanan, H., Sabaratnam, V. Cultivation and Nutritional Value of 

Prominent Pleurotus Spp.: An Overview. Mycobiology. 2020:1-14. 

111. Kozarski, M., Klaus, A., Vunduk, J., Zizak, Z., Niksic, M., Jakovljevic, D., Vrvic, M.M., Van Griensven, L.J. Nutraceutical 

properties of the methanolic extract of edible mushroom Cantharellus cibarius (Fries): primary mechanisms. Food & function. 

2015;6(6):1875-86. 

112. Motta, F., Gershwin, M.E., Selmi, C. Mushrooms and immunity. Journal of Autoimmunity. 2020;117:102576. 

113. Batbayar, S., Lee, D.H., Kim, H.W. Immunomodulation of fungal β-glucan in host defense signaling by dectin-1. Biomolecules 

& Therapeutics. 2012;20(5):433. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

114. Chen, S.-Y., Ho, K.-J., Hsieh, Y.-J., Wang, L.-T., Mau, J.-L. Contents of lovastatin, γ-aminobutyric acid and ergothioneine in 

mushroom fruiting bodies and mycelia. LWT. 2012;47(2):274-8. 

115. Huang, Z., Cai, X., Shao, C., She, Z., Xia, X., Chen, Y., Yang, J., Zhou, S., Lin, Y. Chemistry and weak antimicrobial activities of 

phomopsins produced by mangrove endophytic fungus Phomopsis sp. ZSU-H76. Phytochemistry. 2008;69(7):1604-8. 

116. Strobel, G., Daisy, B. Bioprospecting for microbial endophytes and their natural products. Microbiology and molecular biology 

reviews. 2003;67(4):491-502. 

117. Liu, H., Yan, C., Li, C., You, T., She, Z. Naphthoquinone Derivatives with Anti-Inflammatory Activity from Mangrove-Derived 

Endophytic Fungus Talaromyces sp. SK-S009. Molecules. 2020;25(3):576. 

118. Zhang, C.-L., Zheng, B.-Q., Lao, J.-P., Mao, L.-J., Chen, S.-Y., Kubicek, C.P., Lin, F.-C. Clavatol and patulin formation as the 

antagonistic principle of Aspergillus  clavatonanicus, an endophytic fungus of Taxus mairei. Applied microbiology and biotechnology. 

2008;78(5):833-40. 

119. Kumla, D., Sousa, E., Marengo, A., Dethoup, T., Pereira, J.A., Gales, L., Freitas-Silva, J., Costa, P.M., Mistry, S., Silva, A.M. 1, 3-

Dioxepine and spiropyran derivatives of viomellein and other dimeric naphthopyranones from cultures of Aspergillus elegans 

KUFA0015 and their antibacterial activity. Phytochemistry. 2020;181:112575. 

120. Wu, S.-H., Chen, Y.-W., Shao, S.-C., Wang, L.-D., Li, Z.-Y., Yang, L.-Y., Li, S.-L., Huang, R. Ten-membered lactones from 

Phomopsis sp., an endophytic fungus of Azadirachta indica. Journal of natural products. 2008;71(4):731-4. 

121. Nishad, J.H., Singh, A., Gautam, V.S., Kumar, D., Kumar, J., Kharwar, R. Endophytic Fungi: A Cryptic Fountainhead for 

Biodiversity, Functional Metabolites, Host Stress Tolerance, and Myco-Mediated Nanoparticles (Nps) Synthesis. 2019. 

122. Deshmukh, S.K., Prakash, V., Ranjan, N. Recent advances in the discovery of bioactive metabolites from Pestalotiopsis. 

Phytochemistry Reviews. 2017;16(5):883-920. 

123. Liu, Y., Mándi, A., Li, X.-M., Meng, L.-H., Kurtán, T., Wang, B.-G. Peniciadametizine a, a dithiodiketopiperazine with a unique 

spiro [furan-2, 7'-pyrazino [1, 2-b][1, 2] oxazine] skeleton, and a related analogue, peniciadametizine B, from the marine sponge-

derived fungus Penicillium adametzioides. Marine drugs. 2015;13(6):3640-52. 

124. Zhu, M., Zhang, X., Feng, H., Dai, J., Li, J., Che, Q., Gu, Q., Zhu, T., Li, D. Penicisulfuranols A–F, alkaloids from the mangrove 

endophytic fungus Penicillium janthinellum HDN13-309. Journal of Natural Products. 2017;80(1):71-5. 

125. Meng, L.-H., Zhang, P., Li, X.-M., Wang, B.-G. Penicibrocazines A–E, five new sulfide diketopiperazines from the marine-

derived endophytic fungus Penicillium brocae. Marine drugs. 2015;13(1):276-87. 

126. Wu, B., Wiese, J., Labes, A., Kramer, A., Schmaljohann, R., Imhoff, J.F. Lindgomycin, an unusual antibiotic polyketide from a 

marine fungus of the Lindgomycetaceae. Marine drugs. 2015;13(8):4617-32. 

127. Gao, S.-S., Li, X.-M., Du, F.-Y., Li, C.-S., Proksch, P., Wang, B.-G. Secondary metabolites from a marine-derived endophytic 

fungus Penicillium chrysogenum QEN-24S. Marine drugs. 2011;9(1):59-70. 

129. Chen, P., Wu, H., Li, Y., Tang, Y. Total syntheses of (+)-arisugacins F, G. Tetrahedron Letters. 2020;61(33):152172. 

130. Li, X., Li, X.-M., Zhang, P., Wang, B.-G. A new phenolic enamide and a new meroterpenoid from marine alga-derived 

endophytic fungus Penicillium oxalicum EN-290. Journal of Asian Natural Products Research. 2015;17(12):1204-12. 

131. Gao, S.-S., Li, X.-M., Zhang, Y., Li, C.-S., Cui, C.-M., Wang, B.-G. Comazaphilones A− F, azaphilone derivatives from the marine 

sediment-derived fungus Penicillium commune QSD-17. Journal of natural products. 2011;74(2):256-61. 

132. Shao, Y., Yan, H., Yin, T., Sun, Z., Xie, H., Song, L., Sun, K., Li, W. New azaphilones from Penicillium variabile, a fungal 

endophyte from roots of Aconitum vilmorinianum. The Journal of Antibiotics. 2020;73(2):77-81. 

133. Meng, L.-H., Li, X.-M., Liu, Y., Wang, B.-G. Penicibilaenes A and B, sesquiterpenes with a tricyclo [6.3. 1.01, 5] dodecane 

skeleton from the marine isolate of Penicillium bilaiae MA-267. Organic letters. 2014;16(23):6052-5. 

134. Wang, C., Tang, S., Cao, S. Antimicrobial compounds from marine fungi. Phytochemistry Reviews. 2020:1-33. 

135. Fukuda, T., Kurihara, Y., Kanamoto, A., Tomoda, H. Terretonin G, a new sesterterpenoid antibiotic from marine-derived 

Aspergillus sp. OPMF00272. The Journal of Antibiotics. 2014;67(8):593-5. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

136. Prompanya, C., Dethoup, T., Bessa, L.J., Pinto, M.M., Gales, L., Costa, P.M., Silva, A., Kijjoa, A. New isocoumarin derivatives 

and meroterpenoids from the marine sponge-associated fungus Aspergillus similanensis sp. nov. KUFA 0013. Marine drugs. 

2014;12(10):5160-73. 

137. Ding, L., Li, T., Liao, X., He, S., Xu, S. Asperitaconic acids A–C, antibacterial itaconic acid derivatives produced by a marine-

derived fungus of the genus Aspergillus . The Journal of antibiotics. 2018;71(10):902-4. 

138. Wang, R., Guo, Z.K., Li, X.M., Chen, F.X., Zhan, X.F., Shen, M.H. Spiculisporic acid analogues of the marine-derived fungus, 

Aspergillus candidus strain HDf2, and their antibacterial activity. Antonie van Leeuwenhoek. 2015;108(1):215-9. 

139. Zhu, F., Chen, G., Chen, X., Huang, M., Wan, X. Aspergicin, a new antibacterial alkaloid produced by mixed fermentation of 

two marine-derived mangrove epiphytic fungi. Chemistry of Natural Compounds. 2011;47(5):767-9. 

140. Chen, J., Zhang, P., Ye, X., Wei, B., Emam, M., Zhang, H., Wang, H. The Structural Diversity of Marine Microbial Secondary 

Metabolites Based on Co-Culture Strategy: 2009–2019. Marine Drugs. 2020;18(9):449. 

141. Zhang, Y., Wang, S., Li, X.-M., Cui, C.-M., Feng, C., Wang, B.-G. New sphingolipids with a previously unreported 9-methyl-C 

20-sphingosine moiety from a marine algous endophytic fungus Aspergillus niger EN-13. Lipids. 2007;42(8):759-64. 

142. Lima, M.A.S., Oliveira, M.d.C.F.d., Pimenta, A.T., Uchôa, P.K. Aspergillus niger: a hundred years of contribution to the natural 

products chemistry. Journal of the Brazilian Chemical Society. 2019;30(10):2029-59. 

143. Yang, G., Sandjo, L., Yun, K., Leutou, A.S., Kim, G.-D., Choi, H.D., Kang, J.S., Hong, J., Son, B.W. Flavusides A and B, 

antibacterial cerebrosides from the marine-derived fungus Aspergillus flavus. Chemical and Pharmaceutical Bulletin. 2011;59(9):1174-7. 

144. El Awady, M.E., Boulis, A.G., Attia, A.R., Shaaban, M. Dimeric naphtho-γ-pyrones and further diverse bioactive metabolites 

from the marine-derived Aspergillus flavus Af/MMA 2018. Egyptian Pharmaceutical Journal. 2019;18(3):245. 

145. Hawas, U.W., El-Beih, A.A., El-Halawany, A.M. Bioactive anthraquinones from endophytic fungus Aspergillus versicolor 

isolated from red sea algae. Archives of pharmacal research. 2012;35(10):1749-56. 

146. Masi, M., Evidente, A. Fungal Bioactive Anthraquinones and Analogues. Toxins. 2020;12(11):714. 

147. Li, H.-L., Li, X.-M., Yang, S.-Q., Cao, J., Li, Y.-H., Wang, B.-G. Induced terreins production from marine red algal-derived 

endophytic fungus Aspergillus terreus EN-539 co-cultured with symbiotic fungus Paecilomyces lilacinus EN-531. The Journal of antibiotics. 

2020;73(2):108. 

148. Liu, H., Chen, L., Yuan, K., Jia, Y. A Ten‐Step Total Synthesis of Speradine C. Angewandte Chemie. 2019;131(19):6428-31. 

149. Zhu, A., Yang, M.-Y., Zhang, Y.-H., Shao, C.-L., Wang, C.-Y., Hu, L.-D., Cao, F., Zhu, H.-J. Absolute configurations of 14, 15-

hydroxylated prenylxanthones from a marine-derived Aspergillus sp. fungus by chiroptical methods. Scientific reports. 2018;8(1):1-10. 

150. Liu, Z., Dong, Z., Qiu, P., Wang, Q., Yan, J., Lu, Y., Wasu, P.-a., Hong, K., She, Z. Two new bioactive steroids from a mangrove-

derived fungus Aspergillus sp. Steroids. 2018;140:32-8. 

151. Pruksakorn, P., Arai, M., Kotoku, N., Vilchèze, C., Baughn, A.D., Moodley, P., Jacobs Jr, W.R., Kobayashi, M. Trichoderins, 

novel aminolipopeptides from a marine sponge-derived Trichoderma sp., are active against dormant mycobacteria. Bioorganic & 

medicinal chemistry letters. 2010;20(12):3658-63. 

153. Pang, X., Lin, X., Yang, J., Zhou, X., Yang, B., Wang, J., Liu, Y. Spiro-phthalides and isocoumarins isolated from the marine-

sponge-derived fungus Setosphaeria sp. SCSIO41009. Journal of natural products. 2018;81(8):1860-8. 

154. Liu, H., Li, X.-M., Liu, Y., Zhang, P., Wang, J.-N., Wang, B.-G. Chermesins A–D: meroterpenoids with a drimane-type 

spirosesquiterpene skeleton from the marine algal-derived endophytic fungus Penicillium chermesinum EN-480. Journal of Natural 

Products. 2016;79(4):806-11. 

155. Song, T., Chen, M., Chai, W., Zhang, Z., Lian, X.-Y. New bioactive pyrrospirones C− I from a marine-derived fungus Penicillium 

sp. ZZ380. Tetrahedron. 2018;74(8):884-91. 

156. Song, T., Chen, M., Ge, Z.-W., Chai, W., Li, X.-C., Zhang, Z., Lian, X.-Y. Bioactive penicipyrrodiether A, an adduct of GKK1032 

analogue and phenol A derivative, from a marine-sourced fungus Penicillium sp. ZZ380. The Journal of organic chemistry. 

2018;83(21):13395-401. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

157. Blunt, J.W., Copp, B.R., Keyzers, R.A., Munro, M.H., Prinsep, M.R. Marine natural products. Natural Product Reports. 

2015;32(2):116-211. 

158. Torres-Tiji, Y., Fields, F.J., Mayfield, S.P. Microalgae as a future food source. Biotechnology advances. 2020;41:107536. 

159. Mularczyk, M., Michalak, I., Marycz, K. Astaxanthin and other nutrients from Haematococcus pluvialis—Multifunctional 

applications. Marine Drugs. 2020;18(9):459. 

160. Coronado-Reyes, J.A., Salazar-Torres, J.A., Juárez-Campos, B., González-Hernández, J.C. Chlorella vulgaris, a microalgae 

important to be used in Biotechnology: a review. Food Science and Technology. 2020(AHEAD). 

161. Del Mondo, A., Smerilli, A., Sané, E., Sansone, C., Brunet, C. Challenging microalgal vitamins for human health. Microbial Cell 

Factories. 2020;19(1):1-23. 

162. Liebler, D.C. Antioxidant Reactions of Carotenoids a. Annals of the New York Academy of Sciences. 1993;691(1):20-31. 

163. Marticorena, P., Gonzalez, L., Riquelme, C., Silva Aciares, F. Effects of beneficial bacteria on biomass, photosynthetic 

parameters and cell composition of the microalga Muriellopsis sp. adapted to grow in seawater. Aquaculture Research. 2020;51(9):3609-

22. 

164. Shah, M.M.R., Liang, Y., Cheng, J.J., Daroch, M. Astaxanthin-Producing Green Microalga Haematococcus pluvialis: From Single 

Cell to High Value Commercial Products. Frontiers in Plant Science. 2016;7(531). 

165. Li, X., Wang, X., Duan, C., Yi, S., Gao, Z., Xiao, C., Agathos, S.N., Wang, G., Li, J. Biotechnological production of astaxanthin 

from the microalga Haematococcus pluvialis. Biotechnology Advances. 2020:107602. 

166. Spiller, G.A., Dewell, A. Safety of an astaxanthin-rich Haematococcus pluvialis algal extract: a randomized clinical trial. Journal 

of medicinal food. 2003;6(1):51-6. 

167. Gastineau, R., Turcotte, F., Pouvreau, J.-B., Morançais, M., Fleurence, J., Windarto, E., Prasetiya, F.S., Arsad, S., Jaouen, P., 

Babin, M. Marennine, promising blue pigments from a widespread Haslea diatom species complex. Marine Drugs. 2014;12(6):3161-89. 

168. Lauritano, C., Andersen, J.H., Hansen, E., Albrigtsen, M., Escalera, L., Esposito, F., Helland, K., Hanssen, K.Ø., Romano, G., 

Ianora, A. Bioactivity Screening of Microalgae for Antioxidant, Anti-Inflammatory, Anticancer, Anti-Diabetes, and Antibacterial 

Activities. Frontiers in Marine Science. 2016;3(68). 

169. Miranda, M., Cintra, R., Barros, S.d.M., Mancini-Filho, J. Antioxidant activity of the microalga Spirulina maxima. Brazilian 

Journal of Medical and biological research. 1998;31(8):1075-9. 

170. Elshobary, M.E., El-Shenody, R.A., Ashour, M., Zabed, H.M., Qi, X. Antimicrobial and antioxidant characterization of bioactive 

components from Chlorococcum minutum. Food Bioscience. 2020;35:100567. 

171. Riccio, G., Lauritano, C. Microalgae with immunomodulatory activities. Marine Drugs. 2020;18(1):2. 

172. Moreno-Garcia, L., Adjallé, K., Barnabé, S., Raghavan, G. Microalgae biomass production for a biorefinery system: recent 

advances and the way towards sustainability. Renewable and Sustainable Energy Reviews. 2017;76:493-506. 

173. Desbois, A.P., Mearns-Spragg, A., Smith, V.J. A fatty acid from the diatom Phaeodactylum tricornutum is antibacterial against 

diverse bacteria including multi-resistant Staphylococcus aureus (MRSA). Marine Biotechnology. 2009;11(1):45-52. 

174. Arguelles, E. Proximate analysis, antibacterial activity, total phenolic content and antioxidant capacity of a green microalga 

Scenedesmus quadricauda (Turpin) Brébisson. Asian Journal of Microbiology, Biotechnology and Environmental Sciences. 2018;20:150-8. 

175. Maadane, A., Merghoub, N., Mernissi, N.E., Ainane, T., Amzazi, S., Bakri, I.W. Antimicrobial activity of marine microalgae 

isolated from Moroccan coastlines. Journal of Microbiology, Biotechnology and Food Sciences. 2020;9(5):1257-60. 

176. Dhaouadi, F., Awwad, F., Diamond, A., Desgagné-Penix, I. Diatoms’ Breakthroughs in Biotechnology: Phaeodactylum 

tricornutum as a Model for Producing High-Added Value Molecules. American Journal of Plant Sciences. 2020;11(10):1632-70. 

177. Zielinski, D., Fraczyk, J., Debowski, M., Zielinski, M., Kaminski, Z.J., Kregiel, D., Jacob, C., Kolesinska, B. Biological Activity 

of Hydrophilic Extract of Chlorella vulgaris Grown on Post-Fermentation Leachate from a Biogas Plant Supplied with Stillage and 

Maize Silage. Molecules. 2020;25(8):1790. 

178. Alsenani, F., Tupally, K.R., Chua, E.T., Eltanahy, E., Alsufyani, H., Parekh, H.S., Schenk, P.M. Evaluation of microalgae and 

cyanobacteria as potential sources of antimicrobial compounds. Saudi Pharmaceutical Journal. 2020. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1


 

179. Wellkamp, M., García-Camacho, F., Durán-Riveroll, L.M., Tebben, J., Tillmann, U., Krock, B. LC-MS/MS Method Development 

for the Discovery and Identification of Amphidinols Produced by Amphidinium. Marine drugs. 2020;18(10):497. 

180. Ghaidaa, H., Neihaya, H., Nada, Z.M., Amna, M. The Biofilm Inhibitory Potential of Compound Produced from 

Chlamydomonas reinhardtii Against Pathogenic Microorganisms. Baghdad Science Journal. 2020;17(1):34-41. 

181. Pratt, R., Daniels, T., Eiler, J.J., Gunnison, J., Kumler, W., Oneto, J.F., Strait, L.A., Spoehr, H., Hardin, G., Milner, H. Chlorellin, 

an antibacterial substance from Chlorella. Science (Washington). 1944:351-2. 

182. Bancalari, E., Martelli, F., Bernini, V., Neviani, E., Gatti, M. Bacteriostatic or bactericidal? Impedometric measurements to test 

the antimicrobial activity of Arthrospira platensis extract. Food Control. 2020;118:107380. 

183. Guzmán, F., Wong, G., Román, T., Cárdenas, C., Alvárez, C., Schmitt, P., Albericio, F., Rojas, V. Identification of antimicrobial 

peptides from the microalgae Tetraselmis suecica (Kylin) Butcher and bactericidal activity improvement. Marine drugs. 2019;17(8):453. 

184. Abu-Mejdad, N.M., Al-Badran, A.I., Al-Saadoon, A.H. A Novel report on killer yeast strains identification methods. Basrah J. 

Agric. Sci. 2020;33(1):39-49. 

185. Fakruddin, M., Hossain, M.N., Ahmed, M.M. Antimicrobial and antioxidant activities of Saccharomyces cerevisiae IFST062013, 

a potential probiotic. BMC Complementary and Alternative Medicine. 2017;17(1):64. 

186. Breinig, F., Sendzik, T., Eisfeld, K., Schmitt, M.J. Dissecting toxin immunity in virus-infected killer yeast uncovers an intrinsic 

strategy of self-protection. Proceedings of the National Academy of Sciences. 2006;103(10):3810-5. 

187. Muccilli, S., Wemhoff, S., Restuccia, C., Meinhardt, F. Exoglucanase‐encoding genes from three Wickerhamomyces anomalus 

killer strains isolated from olive brine. Yeast. 2013;30(1):33-43. 

188. Bruner, J., Fox, G. Novel Non-Cerevisiae Saccharomyces Yeast Species Used in Beer and Alcoholic Beverage Fermentations. 

Fermentation. 2020;6(4):116. 

189. Rubio, F.T.V., Haminiuk, C.W.I., Martelli-Tosi, M., da Silva, M.P., Makimori, G.Y.F., Favaro-Trindade, C.S. Utilization of grape 

pomaces and brewery waste Saccharomyces cerevisiae for the production of bio-based microencapsulated pigments. Food Research 

International. 2020;136:109470. 

190. EFSA. Scientific Opinion on the safety of ‘yeast beta‐glucans’ as a Novel Food ingredient. EFSA Journal. 2011;9(5):2137. 

191. Li, C.-C., Yang, M.-j., Yang, J., Kang, M., Li, T., He, L.-H., Song, Y.-J., Zhu, Y.-B., Zhao, N.-L., Zhao, C. Structural and 

biochemical analysis of 1-Cys peroxiredoxin ScPrx1 from Saccharomyces cerevisiae mitochondria. Biochimica et Biophysica Acta (BBA)-

General Subjects. 2020;1864(12):129706. 

192. Pedrajas, J.R., Miranda-Vizuete, A., Javanmardy, N., Gustafsson, J.-Å., Spyrou, G. Mitochondria of Saccharomyces cerevisiae 

contain one-conserved cysteine type peroxiredoxin with thioredoxin peroxidase activity. Journal of Biological Chemistry. 

2000;275(21):16296-301. 

193. Espinosa-Diez, C., Miguel, V., Mennerich, D., Kietzmann, T., Sánchez-Pérez, P., Cadenas, S., Lamas, S. Antioxidant responses 

and cellular adjustments to oxidative stress. Redox biology. 2015;6:183-97. 

194. M, P., Y, S., V B, M. Response of Anaerobic Protozoa to Oxygen Tension in Anaerobic System. International Microbiology. 

2019;22(3):355-61. 

195. Pant, B., Kato, Y., Kumagai, T., Matsuoka, T., Sugiyama, M. Blepharismin produced by a protozoan Blepharisma functions as 

an antibiotic effective against methicillin-resistant Staphylococcus aureus. FEMS microbiology letters. 1997;155(1):67-71. 

196. Buonanno, F., Catalani, E., Cervia, D., Cimarelli, C., Marcantoni, E., Ortenzi, C. Natural Function and Structural Modification 

of Climacostol, a Ciliate Secondary Metabolite. Microorganisms. 2020;8(6):809. 

Uncategorized References 

3. Antibiotics. Antibiotics: technologies and global markets (PHM025D). 2016 [cited 2020 September 22]. Available from: 

https://www.bccresearch.com/. 

13. Quach, N.T. Functional analyses of thiol-switches and their impact on the mycothiol redox potential in actinomycetes 2020. 

21. Vu, V.L. Redox-sensing mechanisms under hypochlorite stress in Staphylococcus aureus 2018. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

http://www.bccresearch.com/
https://doi.org/10.20944/preprints202101.0025.v1


 

38. Ganapathy, A., Natesan, S. Metabolic potential and biotechnological importance of plant associated endophytic actinobacteria.  

New and future developments in microbial biotechnology and bioengineering: Elsevier; 2018 p. 207-24. 

52. Kumar, V., Tiwari, S.K. Halocin diversity among Halophilic Archaea and their applications. Microbial diversity in ecosystem 

sustainability and biotechnological applications: Springer; 2019 p. 497-532. 

96. de Bary, A. Morphologie und physiologie der pilze, flechten und myxomyceten: Engelmann; 1866. 

98. Patil, R.H., Patil, M.P., Maheshwari, V.L. Bioactive secondary metabolites from endophytic fungi: a review of biotechnological 

production and their potential applications. Studies in natural products chemistry: Elsevier; 2016.49 p. 189-205. 

104. Nuraini, F.R., Setyaningsih, R., Susilowati, A., editors. Antioxidant activity of bioactive compound produced by endophytic 

fungi isolated from endemic plant of South Kalimantan Mangifera casturi Kosterm. AIP Conference Proceedings; 2019: AIP 

Publishing LLC. 

109. Wang, Y., Yu, F.-Q., Zhang, C., Liu, C., Yang, M., Li, S. Edible Ectomycorrhizal Fungi and Their Cultivation in China.  

Mushrooms, Humans and Nature in a Changing World: Springer; 2020 p. 31-60. 

128. Nurulita, Y., Yuharmen, Fitri, A., Khairullinas, Hardiyanti, C., Shar, S., Nugroho, T., editors. Biotic elicitor, Staphylococcus 

aureus, stimulated antibiotics production from a local fungus of tropical peat swamp soil, Penicillium sp. LBKURCC34. AIP 

Conference Proceedings; 2020: AIP Publishing LLC. 

152. Singh, A., Kumar, A., Singh, I.K. Marine Flora: Source of Drugs from the Deep-Sea Environment. Marine Niche: Applications in 

Pharmaceutical Sciences: Springer; 2020 p. 161-81. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2021                   doi:10.20944/preprints202101.0025.v1

https://doi.org/10.20944/preprints202101.0025.v1

