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Mol.	It	was	evidenced	in	formol	nitrogen	content	and	growth	of	microorganisms	in	Japanese	shoyu	(soy	sauce)	production	where	it	was	considered	to	be	an	important	factor	(Yokotsuka,	1986).	68,	538–559.	albicans	in	biofilm	of	a	mixed-species	get	involved	in	autoregulation	and	communication	among	the	species	in	biofilm	itself	(Hogan	et	al.,	2004;
Cugini	et	al.,	2007;	McAlester	et	al.,	2008).	Nanotechnol.	These	interactions	among	microorganisms	can	be	between	same	species,	with	different	species,	or	even	among	completely	different	genera	and	families.	41,	456–460.	Data	mining	and	characterization	of	a	novel	pediocin-like	bacteriocin	system	from	the	genome	of	Pediococcus	pentosaceus
ATCC	25745.	61,	3024–3030.	This	was	because	when	fungi	was	reinfected	wit	virus,	the	heat-tolerance	was	restored.	oryzae	may	also	be	a	haven	for	endosymbionts	(Lackner	and	Hertweck,	2011).	10.1378/chest.129.1.110	[PubMed]	[CrossRef]	[Google	Scholar]Bamford	C.	Bioremediation	of	soils	contaminated	with	polycyclic	aromatic	hydrocarbons,
petroleum,	pesticides,	chlorophenols	and	heavy	metals	by	composting:	applications,	microbes	and	future	research	needs.	S.,	Konings	W.	The	different	win,	loss,	and	neutral	associations	occurring	between	interacting	partners	provide	a	foundation	for	diverse	forms	of	interactive	patterns.	The	explanation	for	this	phenomena	was	traced	back	to	the
virus	infecting	fungi	inside	the	grass.	aeruginosa	and	inhibits	the	pathway	of	Ras1-cyclic	AMP	(c-AMP)-protein	kinase	A	(PKA)	for	fungal	growth	in	C.	These	two	activities	result	in	ultimate	death	of	fungal	cells	(Morales	et	al.,	2010).Physical	regulation	Variation	in	salt	concentrations	has	role	in	spoilage	Röling	et	al.	10.1007/s42114-017-0018-x
[CrossRef]	[Google	Scholar]Shirtliff	M.	I.	This	field	however	needs	to	be	cautiously	considered	because	of	the	complex	nature	of	mixed	type	of	infections.	Moreover,	the	risk	of	food	spoilage	by	mycotoxin-producing	molds	or	pathogenic	bacteria	can	be	minimized	by	using	inhibitory	starter	cultures.	Trends	Food	Sci.	(2018b).	Molecular	basis	of	plant
growth	promotion	and	biocontrol	by	rhizobacteria.	30,	295–304.	1,	33–45.	10.2174/1872210510666160429144916	[PubMed]	[CrossRef]	[Google	Scholar]Ullah	M.	L.,	Nam	S.,	Shirakawa	K.	This	type	of	food	poisoning	reflects	a	reasonable	risk	to	public	health	and	poses	threat	to	the	economy.	270,	37–44.	Science	315,	513–516.	Mycol.	At	this	stage,	the
combined	work	of	severe	scrubbing	and	use	of	sanitizers	is	the	best	resort	to	remove	biofilms;	sanitizers	alone	are	inadequate	for	such	removal.	10.1016/j.jenvman.2007.10.005	[PubMed]	[CrossRef]	[Google	Scholar]Partida-Martinez	L.	Biocontrol	agents	like	those	currently	being	used	efficiently	in	this	field;	however,	have	not	yet	attained	the	required
level	of	efficacy	and	consistency	essential	for	large-scale	commercialization.	There	are;	however,	very	few	investigations	regarding	the	interactions	between	bacteria	and	fungi	at	cellular	level	during	the	fermentation	process.	10.1016/j.diagmicrobio.2007.07.001	[PubMed]	[CrossRef]	[Google	Scholar]Kumar	C.	10.1007/s11814-017-0121-2	[CrossRef]
[Google	Scholar]Ullah	M.	FEMS	Microbiol.	A	typical	example	of	this	scenario	in	microbial	world	is	the	one	that	occurs	between	Vampirococcus	and	Bdellovibrio	(Society	for	General	Microbiology,	1999).	10.1038/nchembio.1884	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Meharg	A.	Structural	and	physico-mechanical	characterization	of
bio-cellulose	produced	by	a	cell-free	system.	plantarum	and	pediococci,	respectively	(Diep,	2006;	Wiedemann	et	al.,	2006).	This	is	primarily	as	a	result	of	reduced	flow	rate,	the	shearing	effects	of	fluids	coupled	with	chemicals	within	the	fluid	or	altering	the	biofilm	bacteria	properties.	Antimicrob.	Although	at	the	initiation	of	microbial	interaction,	the
EPS–bacteria	bond	is	weak	and	can	be	easily	destroyed	by	flowing	water,	it	gets	strengthened	with	time	and	the	attachment	become	irreversible.	Contrary,	the	interaction	between	C.	F.,	Morrissey	J.	Are	dental	diseases	examples	of	ecological	catastrophes?	Available	online	at:	D.	10.1073/pnas.0901870106	[PMC	free	article]	[PubMed]	[CrossRef]
[Google	Scholar]Sheth	E.	The	specific	mechanisms	through	which	microorganisms	accomplish	these	and	other	complex	processes	need	to	be	thoroughly	studied	and	highly	explored.	57,	563–569.	10.1038/nature10208	[PubMed]	[CrossRef]	[Google	Scholar]Marsh	P.	10.3389/fpls.2018.00452	[PMC	free	article]	[PubMed]	[CrossRef]	[Google
Scholar]Tshikantwa	T.	For	example,	it	alters	the	aroma,	flavor,	and	texture	of	food,	and	sometimes	enhances	the	shelf	life	of	fermented	products	as	well	(Dalié	et	al.,	2010).	These	are	iron-scavenging	molecular	products	produced	by	several	bacterial	and	fungal	taxonomic	groups.	H.,	He	Y.,	Gao	Y.,	Wu	J.	aeruginosa	thereby	altering	the	regulation	of
quorum-sensing.	Food	Control	21,	370–380.	Immun.	14,	175–187.	Cooperation,	virulence	and	siderophore	production	in	bacterial	parasites.	Quorum	sensing	in	bacteria.	The	findings	were	affirmed	by	testing	the	heat	resistance	of	fungus	that	was	treated	by	virus.	A	more	systematic	approach	using	microarray-based	monitoring	was	utilized	in	gene
expression	cluster	studies	of	cryptic	biosynthesis	in	model	fungus	A.	This	further	provides	an	intervention	mechanism	in	combating	the	existing	insurmountable	issue	of	antibiotic	resistance	(Adonizio	et	al.,	2008).	G.,	Anand	S.	182,	2675–2679.	Studies	on	how	QS	plays	a	mechanical	role	in	biofilms	formation	in	bacteria,	is	however,	still	at	its	early
stages	of	development.	enteritidis	inoculum	in	egg	albumen,	its	growth	was	drastically	enhanced	(Humphrey,	1994).	The	same	interactions	also	have	the	ability	to	cause	remarkable	decline	in	the	availability	of	harmful	metals	through	a	series	of	processes.	Inhibition	of	Listeria	monocytogenes	by	food-borne	yeasts.	Bacterial	community	structures	are
unique	and	resilient	in	full-scale	bioenergy	systems.	This	process	results	from	the	transmembrane	glycoproteins	action	referred	to	as	cell	adhesion	molecules	such	as	selectins,	integrins,	and	syndecans.	Cueto	et	al.	E.,	et	al.	Lactic	acid	bacteria	with	potential	to	eliminate	fungal	spoilage	in	foods.	Consequently,	such	foods	provide	a	suitable	habitat	for
microbial	interaction.	A.,	Fenical	W.	proposed	that	a	variation	in	temperature	from	21°	to	42°C	during	traditional	baceman	fermentation	effects	production	of	kecap.	Intensive	Care	Med.	J.,	Powrie	F.	10.1016/S0065-2628(08)60350-X	[PubMed]	[CrossRef]	[Google	Scholar]Zaccaria	M.,	Dedrick	S.,	Momeni	B.	Trop.	24,	759–766.	In	pure	cultures,
biosynthetic	genes	coding	for	natural	products	normally	remain	silent	hence	several	metabolic	products	are	often	not	harvested.	13,	5267–5273.	P.,	O'Gara	F.	Most	significantly,	several	QS-controlled	activities	are	involved	in	virulence	and	possible	pathogenic	effects	of	bacteria	(Figure	4).	albicans	to	microbiota	in	oral	cavity	which	is	important	in
inhabiting	the	oral	cavity	is	a	common	example	of	benefiical	mutualistic	interactions.	35,	439–468.	A	more	resourceful	alternative	technique	with	high	practical	relevance	is	thus	provided	by	food	fermentations.	10.1371/journal.ppat.1002096	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Ley	R.	10.1038/nrmicro2832	[PubMed]	[CrossRef]
[Google	Scholar]Fleet	G.	albicans	and	Streptococcus	gordonii	which	coexist	in	oral	cavity.	Nisin-induced	changes	in	Bacillus	morphology	suggest	a	paradigm	of	antibiotic	action.	gordonii	was	shown	to	promote	the	growth	of	hypha	and	formation	of	C.	Adv.	Appl.	This	unique	fungal	property	is	related	to	the	chemical	structure	of	their	cell	wall.	Acad.
The	coryneform	bacteria	growth	led	to	oxygen	depletion	in	baceman,	which	subsequently	inhibited	their	growth	progression.	B.,	Riedel	K.,	Rasmussen	T.	10.1128/MMBR.68.3.538-559.2004	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Brüssow	H.	Korean	J.	And	Burkholderia	sp.	30,	195–329.	A	clearer	comprehension	of	mixed	species
infections	(e.g.,	bacteria-fungi	infections)	in	humans	is	also	crucial	in	that	the	consequences	of	such	infections	can	vary	from	those	caused	by	individual	mono-species	(Peleg	et	al.,	2010).	P.,	Byers	L.	C.,	Tompkin	R.	Physical	factors	influencing	microbial	interactions	and	biochemical	changes	during	the	Baceman	stage	of	Indonesian	Kecap	(soy	sauce)
production.	Microorganisms	offer	some	level	of	protection	against	plant	diseases	as	an	additional	advantage	to	enhance	nutrients	supply	to	plants	(Cavaliere	et	al.,	2017).	E.,	Turnbaugh	P.	It	is	further	reported	that	a	fungal	endophyte	and	a	tropical	panic	grass	mutually	grew	at	elevated	temperatures	of	the	soil.	In	contrast,	a	more	detailed
investigation	in	the	antifungal	metabolite-producing	LAB	molecular	interaction	and	contaminating	fungi	in	bakery	products,	cheese,	and	beer	has	been	previously	done	(Rouse	et	al.,	2008;	Gerez	et	al.,	2009;	Valerio	et	al.,	2009;	Ryan	et	al.,	2011).	Phospholipase	C	and	phenazines	are	produced	by	P.	W.,	Khan	S.,	Kamal	T.,	Ul-Islam	S.,	Shah	N.,	et	al.	T.,
Janda	K.	These	effects	come	in	the	form	of	perturbations	in	soil,	water,	and	air	(Ul-Islam	et	al.,	2016;	Tiwari	and	Lata,	2018)	which	are	the	media	of	survival	within	the	environment.	(1999).	(2015).	aureus	which	is	non-reactive	to	methicillin.	Microbiology	149,	279–294.	8:1764.	In	general	it	is	usually	difficult	to	establish	whether	the	relationship	can	be
beneficial	to	both	interacting	organism	(mutualistic),	synergistic,	or	commensalistic.	(1998a).	1,	79–93.	(2013).	Consequently,	there	is	an	elevated	nutrient	uptake	as	a	result	of	increased	surface	area	of	plant	roots-soil	interface.	Innovative	production	of	bio-cellulose	using	a	cell-free	system	derived	from	a	single	cell	line.	55,	283–303.	M.,	Jenkinson	H.
On	the	other	hand,	the	population	of	P.	Contrary,	Gram	negative	bacteria	possess	the	ability	to	generate	and	meet	their	most	essential	nutrients	for	survival	from	available	carbohydrates,	proteins,	lipids,	minerals,	and	vitamins	which	are	present	in	a	wide	range	of	foods	(Jay,	2000).	Davis).In	temperature-sensitive	environment,	the	capacity	of
microbial	growth	of	pathogens	within	an	association	of	other	microorganisms	is	determined	by	the	interplay	between	internal	and	external	factors	in	addition	to	the	type	of	technology	involved	in	the	processing.	P.,	Dow	J.	This	observation	was	also	supported	by	other	studies	where	individuals	with	tracheobronchial	colonization	by	Candida	spp.	An
enhanced	understanding	of	the	impact	of	microbial	communities	and	better	comprehension	of	the	exact	mechanism	of	operation	of	such	communities	has	become	a	priority.	10,	169–180.	33,	137–142.	aeruginosa-C.	.	Most	microorganisms	tend	to	use	simple	sugars	like	glucose	for	their	metabolism.	J.,	Remize	F.,	Guzzo	J.,	Guilloux-Benatier	M.	R.,
Sorgonà	A.,	Rizzo	M.,	Cacco	G.	M.,	Lacroix	C.	Pestalone,	a	new	antibiotic	produced	by	a	marine	fungus	in	response	to	bacterial	challenge.	Microbiol.	This	provided	some	limited	information	about	secondary	metabolism	in	cocultures	while	the	approaches	of	polymicrobial	cultures	have	been	used	extensively	in	order	to	have	mass	industrial	production
such	as	food	and	beverages	(Scherlach	and	Hertweck,	2009).	The	figure	has	been	adapted	from	(Peleg	et	al.,	2010).	Undoubtedly,	addressing	the	said	challenges	will	contribute	positively	to	the	latest	technology	related	to	microbial	behavior	(Li	and	Tian,	2016).Synthesis,	structure,	and	composition	of	a	biofilm	Over	the	time,	microorganisms	have
proved	that	instead	of	existing	as	free	living	individual	cells,	these	also	appear	attached	to	surfaces,	structures,	or	as	cooperative	consortia	referred	to	as	biofilms	(Douglas,	2003;	Hentzer	et	al.,	2003;	Burmolle	et	al.,	2006;	Harriott	and	Noverr,	2011).	Influence	of	prebrining	treatments	on	microbial	and	biochemical	changes	during	the	baceman	stage
in	Indonesian	kecap	(soy	sauce)	production.	A	virus	in	a	fungus	in	a	plant:	three-way	symbiosis	required	for	thermal	tolerance.	In	addition,	a	tripartite	interaction	of	pathogenic	organisms,	herbivore	and	plants	as	well,	promises	to	be	a	useful	relationship	in	enhancing	crop	yields	(Willsey	et	al.,	2017).	aeruginosa,	it	was	proposed	that	when	respiratory
tract	is	colonized	by	Candida	spp.,	there	was	an	increased	reciprocal	possibility	of	occurrence	of	pseudomonal	VAP	infections	(Azoulay	et	al.,	2006).	B.,	Bassler	B.	Derivatives	of	5MPCA	that	have	been	covalently	bound,	maintain	their	reduction-oxidation	activity	as	well	as	their	ability	to	produce	ROS.	C.,	et	al.	10.1016/j.chembiol.2008.05.010	[PMC
free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Coupe	H.,	Withers	J.	These	nutrients	are	available	in	foods	at	varying	quantities;	for	example,	meats	are	rich	in	protein	content,	minerals,	lipids,	and	vitamins;	while	muscle	foods	have	relatively	lower	amounts	of	carbohydrates.	Yeast	interactions	and	wine	flavour.	candidum	remain	unaffected.	T.,	et
al.	Consequently,	complex	networks	of	microbial	ecology	have	resulted	in	clear	understanding	of	basic	biological	processes	and	unearthed	the	noble	virulence	factors	and	developed	various	potential	substances	which	can	be	used	as	drugs.	On	the	other	hand,	other	microorganisms	are	capable	of	metabolizing	more	complex	carbohydrates	like	starch
or	cellulose	foods	of	plant	origin,	or	glycogen	in	muscle-related	foods.	Manage.	10.1016/S1369-5266(00)00183-7	[PubMed]	[CrossRef]	[Google	Scholar]Bouyahya	A.,	Dakka	N.,	Et-Touys	A.,	Abrini	J.,	Bakri	Y.	21,	31–40.	alone	(Dyess	et	al.,	1985).	10.1016/j.bej.2014.08.006	[CrossRef]	[Google	Scholar]Ullah	M.	M.,	Mark	G.	S.,	Rodriguez	R.	(London:
Blackie	Academic	&	Professional;	),	513.	Leicester,	UK:	Society	for	General	Microbiology.	(1998b).	In	both	prokaryotes	and	eukaryotes,	the	cell–cell	communication	via	smaller	signal	molecules	is	critically	important	(Wang	et	al.,	2004).	It	further	explains	the	mechanism	of	action	of	biofilm	formation	and	role	of	secondary	metabolites	regulating
bacteria-fungi	interaction.	Org.	(1994b).	nov.	For	example,	bacteria	commonly	tend	to	synthesize	certain	metabolic	factors	which	are	ultimately	released	to	the	exterior	of	the	cell	across	cell	membrane.	M.,	Warren	T.	M.,	Jones	D.	This	is	demonstrated,	most	clearly,	by	the	prey-predator	relationships	where	predator	(hunter)	feeds	on	its	prey	(hunted).
87,	149–163.	[Google	Scholar]Juillard	V.,	Bars	D.	Similarly,	in	surface-ripened	cheeses	lactic	acid	is	metabolized	by	yeasts,	Debaryomyces	hansenii,	and	Geotrichum	candidum	filamentous	fungi	(Mounier	et	al.,	2005).	Agents	Chemother.	8,	340–349.	Phages	of	Dairy	Bacteria.	Attenuation	of	Pseudomonas	aeruginosa	virulence	by	quorum	sensing
inhibitors.	(i.e.,	those	who	received	antifungal	drug	treatment)	were	least	predisposed	to	pseudomonal	VAP	(Nseir	et	al.,	2007).	An	increase	in	hydrophobic	status	of	a	surface	facilitates	the	bacterial	adhesion	to	the	surface;	for	example,	stainless	steel	is	a	surface	of	high	hydrophobicity	capable	of	favoring	adhesion	for	biofilms	formation.	Such
interactive	mechanisms	are	essential	to	prevent	the	subsequent	damage	to	the	soil	texture.	Mycoses	42,	619–627.	5,	922–926.	E.,	Peters	B.	Biolol.	64,	1444–1446.	At	a	higher	pH	within	the	range	of	5.4–6.0,	the	availability	of	dissolved	oxygen	subsequent	to	the	newly	prepared	baceman	and	high	salt	concentration,	have	shown	the	growth	of	coryneform
bacteria.	The	highest	concentration	of	acetate	was	almost	unchanged;	however,	declined	slightly	at	30°	and	37°C	after	14	days	as	a	result	of	growth	of	pellicle-forming	Z.	LAB	produce	antifungal	compounds	like	organic	acids	(phenyl	lactic,	propionic,	acetic,	and	lactic),	hydrogen	peroxide,	cyclic	dipeptides,	hydroxy	fatty	acids,	and	reuterin,	as	well	as
uncharacterized	proteinaceous	and	phenolic	substances	(Dalié	et	al.,	2010).	These	can	bind	and	opsonize	metals	because	owing	to	the	presence	of	various	functional	groups	like	phosphates,	carboxyl,	amines	on	their	cell	wall	(Ullah	et	al.,	2017b;	Tiwari	and	Lata,	2018).It	is	essential	to	understand	the	response	of	microorganisms	to	signals	from	plants
in	order	to	explore	the	usefulness	of	such	interactions.	H.,	Tian	X.	Bacillus	spores	possess	a	hydrophobic	surface	due	to	their	outer	proteins,	thus	enhance	the	capability	of	adhesion	on	to	the	hydrophobic	surfaces	in	comparison	with	viable	reproductive	cells.	(1998).	10.1080/19440049.2011.595377	[PubMed]	[CrossRef]	[Google	Scholar]Jay	J.	11,	639–
648.	For	example,	in	food	microbiology,	several	essential	characteristics	of	microorganisms	influencing	the	predominating	species	include	the	growth	rate	of	individual	microbial	strains	and	shared	interactive	attributes	among	the	combined	populations	(International	Commission	on	Microbiological	Specification	for	Foods	[ICMSF],	1996).The	key
determinants	of	length	of	microbial	acclimatization	period,	generation	time,	and	total	yield	of	cells	are	genetically	controlled.	Human	gut	microbes	associated	with	obesity.	The	key	determinants	of	this	inhibitory	mechanism	are	chemical	and	physical	properties	of	the	gas	itself	and	the	association	it	has	with	both	aqueous	and	lipid	phases	of	food.	H.,
Dutton	L.	S.,	Gardner	A.,	Diggle	S.	Importance	of	Candida–bacterial	polymicrobial	biofilms	in	disease.	Interactions	between	lactic	acid	bacteria	and	yeasts:	metabolism	of	carbohydrates.	W.	25,	1072–1076.	69,	1854–1857.	In	this	case,	exploitation	of	mixed	culture	experiments	in	view	of	triggering	such	silent	genes	to	ultimately	harness	the	potential
resultant	metabolites	becomes	a	priority	of	the	current	day	research.	Quality.	Are	microbes	at	the	root	of	a	solution	to	world	food	production?	(2018a).	More	significantly,	pH	values	likely	to	influence	survival	of	these	pathogens;	however,	these	changes	occur	very	late	during	milk	fermentation,	if	at	all	and	are	not	likely	to	be	achieved	during	normal
fermented	product	manufacture.	The	implication	for	this	scenario	is	that	several	secondary	metabolites	remain	untapped.	51,	903–912.	L.,	Scalfone	N.	Quorum	sensing	and	bacterial	social	interactions	in	biofilms:	bacterial	cooperation	and	competition.	J.,	Ullah	M.	The	findings	further	unveiled	the	complexity	of	bacteria-fungal	interactions	and	gave
further	evidences	in	support	to	further	study	the	microbial	cross	links	in	view	of	unearthing	the	discoveries	yet	to	be	made	on	the	same	interactions.Cell-cell	adhesions	Cell-cell	adhesion	is	a	mechanism	through	which	microbial	cellular	interactive	association	occurs	such	that	the	cells	become	adherent	to	each	other	to	surfaces	or	a	metabolic
substrate.	In	general,	the	sequence	of	utilization	of	nutrients	by	microorganisms	is	such	that	first	carbohydrates	and	amino	acids	are	utilized	followed	by	utilization	of	more	complex	nutrients.	A	typical	example	of	such	interaction	is	revealed	during	LAB	metabolism	that	is	optimized	to	enhance	quick	production	of	acid	instead	of	growth	effectively
(Teusink	et	al.,	2007).	As	a	result,	the	growth	of	L.	For	instance,	the	gut	ecosystem	is	mainly	targeted	for	modeling	purposes	in	case	of	inflammatory	bowel	disease	and	obesity.	10.1038/19519	[CrossRef]	[Google	Scholar]Dalié	D.	An	actinomycete,	Salinispora	arenicola,	was	cultured	in	the	same	medium	wit	h	a	marine-derived	Emericella	species	in	a
different	study	(Oh	et	al.,	2007).	10.1186/1471-2148-4-36	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Teusink	B.,	Wiersma	A.,	Molenaar	D.,	Francke	C.,	De	Vos	W.,	Siezen	R.,	et	al.	albicans	modulates	the	behavior	of	P.	Le	lait.	10.1021/np060381f	[PubMed]	[CrossRef]	[Google	Scholar]Oh	D.-C.,	Jensen	P.	A.,	Mylonakis	E.	10.1007/s00134-
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The	biosynthetic	gene	cluster	expression	is	often	strictly	controlled	in	order	to	meet	the	varying	alterations	of	the	environmental	conditions.	To	this	end,	several	strategies	have	been	proposed	to	interrupt	and/or	disrupt	the	bacterial	QS	system	such	as	inhibition	of	signal	generation	and	diffusion	and	inhibition	of	signal	reception	(Bouyahya	et	al.,
2017).The	discovery	of	extensive	use	of	QS	systems	in	bacteria	is	critical	in	availing	crucial	information	by	researchers	on	bacterial	multicellular	behavior	studies	as	opposed	to	emphasis	on	single	cell	biological	processes.	This	provides	a	possible	base	for	modeling	of	microbial	community	to	harness	specific	useful	outcomes	in	terms	of	metabolites
and	other	essential	elements.	75,	504–513.	The	coexistence	of	interacting	partners	thus	benefits	both	members	accordingly.	A.,	Vik	Å.,	Kolter	R.	10.1111/j.1574-6968.1990.tb04885.x	[PubMed]	[CrossRef]	[Google	Scholar]Loessner	M.,	Guenther	S.,	Steffan	S.,	Scherer	S.	Bio-ethanol	production	through	simultaneous	saccharification	and	fermentation
using	an	encapsulated	reconstituted	cell-free	enzyme	system.	[Google	Scholar]Ul-Islam	M.,	Ullah	M.	120,	345–348.	10.1016/S0168-1605(03)00245-9	[PubMed]	[CrossRef]	[Google	Scholar]Frases	S.,	Chaskes	S.,	Dadachova	E.,	Casadevall	A.	Identification	of	bacteria-associated	fungi	and	bacteria-free	fungi	were	carried	out	in	laboratory	screening	of
isolates	(Partida-Martinez	et	al.,	2007;	Ibrahim	et	al.,	2008).	Recent	advancement	in	cellulose	based	nanocomposite	for	addressing	environmental	challenges.	10.1007/BF02053377	[PubMed]	[CrossRef]	[Google	Scholar]Humphrey	T.	Env.	10.1177/08959374940080022001	[PubMed]	[CrossRef]	[Google	Scholar]Marsh	P.	10.1074/jbc.M606263200
[PubMed]	[CrossRef]	[Google	Scholar]Tiwari	S.,	Lata	C.	10.1098/rspb.2002.2209	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]West	S.	It	is	likely	that	variation	in	pH	and	L-lactic	acid	production	over	time	in	conjunction	with	other	stages	of	processing	may	act	in	concert	as	critical	control	points.Microbes	require	specific	nutrients	for
growth	and	development	Specific	nutrients	are	required	for	growth	of	different	microorganisms	to	perform	various	metabolic	activities.	Despite,	infections	by	a	combination	of	several	species	may	have	impacts	compared	to	those	infections	caused	by	single	species.	Heavy-Metal	Stress	and	Developmental	Patterns	of	Arbuscular	Mycorrhizal	Fungi
Heavy-Metal	Stress	and	Developmental	Patterns	of	Arbuscular	Mycorrhizal	Fungi.	Results	revealed	that	the	cured	fungi	could	not	withstand	the	temperatures	as	high	as	65°C.	10.1016/0922-338X(94)90012-4	[CrossRef]	[Google	Scholar]Röling	W.	Phages	are	reported	to	be	prevalent	in	food	fermentations,	for	example	those	that	are	used	in	the	same
equipment	repeatedly.	(Figure	3)	which	demonstrates	that	redox-active	5MPCA	synthesizes	various	reactive	oxygen	species	(ROS)	such	as	H2O2	and	O2-.	2,	1197–1205.	It	can	also	raise	the	appetite	for	ultimate	consumers	who	crave	for	more	natural	products	(Morrissey	et	al.,	2004).Areas	of	possible	applications	of	microbial
interaction.FieldExampleType	of	interactionProduct	typeApplicationReferencesMedicineDrug	productionBacteria-bacteria:	Penicilium	notatumPenicillinTreatment	of	diseasesScherlach	et	al.,	2013Bacteria-fungi	P.	(2008).	Genome	Biol.	Generally,	as	the	temperature	decreases,	the	inhibitory	effects	of	CO2	increase	because	solubility	of	CO2	increases
at	lower	temperatures	(Jay,	2000).	Essentials	of	the	Microbiology	of	Foods	:	A	Textbook	for	Advanced	Studies.	16,	43–56.	D.,	Sanchez	J.	D.	10.1001/archsurg.1985.01390270083014	[PubMed]	[CrossRef]	[Google	Scholar]Entian	K.-D.,	de	Vos	W.	Genetics	of	subtilin	and	nisin	biosyntheses.	In	current	day	world,	the	different	interactive	patterns	(Figure	1)
noted	could	culminate	into	several	diverse	outputs;	some	of	which	have	useful	applications	in	various	disciplines	such	as	health	interventions,	food	industry,	agriculture,	and	environment,	etc.Manipulating	the	microbial	communities,	on	the	other	hand,	is	beneficial	in	treatment	of	waste	water	(Werner	et	al.,	2011),	food	production	(Mounier,	2008),
and	for	disease	prevention	and	treatment;	for	example,	treatment	of	caries	(Marsh,	1994),	inflammatory	bowel	disease	(Maloy	and	Powrie,	2011),	and	obesity	(Ley	et	al.,	2006;	Blekhman	et	al.,	2015).	93,	141–154.	Due	to	the	complexity	of	interplay	between	environmental	factors	and	microorganisms,	at	any	given	time,	food	harbors	its	own	microbial
flora	which	continually	associates	with	it	(International	Commission	on	Microbiological	Specification	for	Foods	[ICMSF],	1996).	4:36.	Lactobacillus	amylovorus	DSM	19280	as	a	novel	food-grade	antifungal	agent	for	bakery	products.	10.1016/0168-1605(94)90197-X	[PubMed]	[CrossRef]	[Google	Scholar]Hyde	A.	Consequently,	immunocompromised
individuals	are	more	prone	to	such	infections.	Just	as	in	the	systems	of	foods,	opposing	actions	often	include	competing	for	nutrients,	for	sites	of	attachment	(space),	unfavorable	environmental	changes,	and	a	multiple	of	such	factors	(Jay,	2000).	The	virulence	factor	of	C.	The	other	step	in	synthesis	of	biofilms	involves	the	growth	of	bacteria	and	its
expansion	to	maturity.	Unraveling	microbial	interactions	in	food	fermentations:	from	classical	to	genomics	approaches.	The	quantity	and	type	of	specific	nutrients	vary	greatly	and	mainly	depend	on	type	of	microorganism	itself.	C.,	Maboeta	M.	First,	their	growth	and	proliferation	can	be	inhibited	by	their	direct	toxic	effect.	The	effect	of	Cloeme
gynandra	(“Rotho”)	extract,	temperature	and	pH	on	attachment	and	biofilm	formation	by	Escherichia	coli	11229,	Bacillus	cereus	ATCC	11778	and	Pseudomonas	aeruginosa	ANCIMB	8295	on	stainless	steel.	10,	729–743.	The	highest	number	of	P.	This	places	the	AMF	at	an	important	advantage	to	be	directly	involved	in	relieving	the	soil	of	heavy	metal
infestation	which	can	be	relayed	to	the	plant	host	(Meharg,	2003).	Attributable	Mortality	of	Nosocomial	Candidemia,	Revisited.	Compos.	These	tend	to	establish	direct	physical	link	between	soil	and	plant	roots	(Tiwari	and	Lata,	2018).	Review	of	mycotoxin	reduction	in	food	and	feed:	from	prevention	in	the	field	to	detoxification	by	adsorption	or
transformation.	52,	198–203.	The	mechanistic	basis	of	interactions	between	mycorrhizal	associations	and	toxic	metal	cations.	Moderate	antimicrobial	activity	was	recorded	for	emericellamide	against	S.	Useful	as	it	is,	the	process	of	microbial	degradation	requires	insightful	critical	analysis	because	not	all	reactions	of	biotransformation	need
mycotoxins	detoxification.	Brazilian	J.	The	Vampirococcus	continues	to	feed	and	keeps	on	using	binary	fission	to	grow	until	it	ultimately	exits	its	prey	which	thereafter	remains	only	an	empty	shell	(i.e.,	cell	wall,	cytoplasmic	membrane,	and	some	intracytoplasmic	inclusions;	Society	for	General	Microbiology,	1999).	10.1021/np0102713	[PubMed]
[CrossRef]	[Google	Scholar]Cugini	C.,	Calfee	M.	Several	natural	products	of	certain	bacteria	and	fungi	act	as	rich	sources	of	useful	antibiotic	drugs	and	drugs-like	anticancer	chemotherapeutics,	immune-suppressants,	cholesterol-reducing	drugs,	and	anesthetics	which	are	commonly	used	to	curb	certain	medical	conditions	(Medema	and	Fischbach,
2015).	Fems	Microbiol.	In	most	cases,	milk	or	meat	derived	proteins	give	rise	to	products	that	are	essential	components	of	this	initial	layer	because	these	help	in	bacterial	adhesion.	Virulence	factors	given	rise	by	other	uncharacterized	C.	The	mechanism	of	action	of	this	metabolic	pathway	is	such	that	when	maltose	is	released	by	the	action	of	yeast
amylase	on	starch	metabolized	by	L.	Effect	of	Microbial	Interactions	on	Pathogen	Growth	and	Survival	during	Fermentation	of	Raw	Milk–Final	Report.	A.,	Baird-Parker	A.	aeruginosa	leading	to	the	death	of	fungi.	Special	emphasis	and	focus	is	placed	on	microbial	interactions	which	are	important	in	medicine,	food	industry,	agriculture,	and
environment.	New	anti-QS	molecules	are	currently	being	considered	as	essential	alternative	measures	to	overcome	major	challenges	presented	by	drug-resistant	pathogens	(antibiotics).	Under	normal	circumstances,	bacteriocin-producing	strains	result	in	a	strengthened	immune	system	and	confer	protection	to	the	host	against	any	harmful	effects.
halophilus	were	attained,	respectively,	in	comparison	with	those	at	37°C	and	traditional	Libra	baceman	(Röling	et	al.,	1994b).Concentration	of	dissolved	oxygen	is	directly	related	to	microbial	growth	Oxygen	is	an	essential	element	for	growth	of	aerobic	microbial	cells.	K.,	Pesci	E.	The	resultant	compound,	which	is	only	produced	in	mixed	cultures,
exhibited	enhanced	antibacterial	potency	toward	methicillin-resistant	S.	Nevertheless,	such	association	provides	a	mutual	benefit	to	the	interacting	partners.	Medically	important	bacterial–fungal	interactions.	(2001).	This	ensures	the	availability	of	dissolved	oxygen	to	be	a	vital	factor	during	the	interaction	of	microorganisms	within	a
community.Microbial	growth	is	ph	specific	The	pH	plays	an	essential	role	in	the	ability	of	microorganisms	to	survive	in	a	wide	range	of	environmental	niches.	10.1128/AEM.72.1.313-318.2006	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Gudlaugsson	O.,	Gillespie	S.,	Lee	K.,	Vande	Berg	J.,	Hu	J.,	Messer	S.,	et	al.	The	reciprocal	effect	of	3-
oxo-C12	homoserine	lactone	and	farnesol	is	a	natural	FBI	phenomenon	that	provide	basis	for	advanced	applications	in	biomedicine	and	possibility	of	generating	new	products.	Previous	researches	have	demonstrated	the	potential	of	mixed	fermentations	to	influence	the	production	of	secondary	metabolites.	Recent	advancements	in	bioreactions	of
cellular	and	cell-free	systems:	a	study	of	bacterial	cellulose	as	a	model.	T.,	Kim	H.	Moreover,	a	description	of	the	mechanisms	by	which	any	variations	in	virulence	occur	at	molecular	level	in	a	mixed	microbial	infection	is	difficult	in	human	diseases	studies	(Jard	et	al.,	2011).A	combined	assemblage	of	microbes	such	as	filamentous	fungi,	yeasts,	and
LAB	plays	a	crucial	role	in	preparing	several	fermented	food	products	(Scherlach	et	al.,	2013).	Computational	approaches	to	natural	product	discovery.	However,	descriptions	of	many	wide-ranging	interactive	relationships	among	the	pathogenic	fungi	such	as	Candida	albicans	and	different	bacterial	pathogens	are	increasing	routinely.	R.,	Hogan	D.	B
Biol.	Engineered	bacteriophage-defence	systems	in	bioprocessing.	This	form	of	motility	only	occurs	when	cells	are	adherent	to	a	surface	and	bacteria	slide	themselves	across	that	surface.	16:191.	When	these	auto-inductors	reach	a	certain	concentration	threshold,	these	interact	with	a	transcriptional	regulator	and	trigger	specific	expression	of	a	group
of	genes.	N-acyl	homoserine	lactone	(AHL)	produced	by	Gram-negative	bacteria	is	a	commonly	studied	intra-species	auto-inducers.	Antifungal	activity	of	strains	of	lactic	acid	bacteria	isolated	from	a	semolina	ecosystem	against	Penicillium	roqueforti,	Aspergillus	niger	and	Endomyces	fibuliger	contaminating	bakery	products.	Some	fungal	species	like
Penicilium,	Asoergillus,	Mucor,	and	Trichoderma	possess	special	abilities	to	resist	trauma	due	to	heavy	metals	(Oladipo	et	al.,	2018).	Lactobacillus	sanfranciscoa	key	sourdough	lactic	acid	bacterium:a	review.	43,	1593–1600.	10.1128/AEM.70.11.6643-6649.2004	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Peleg	A.
10.1016/j.tim.2011.07.004	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Hassan	T.,	Bano	A.,	Naz	I.	H.,	Butcher	A.	However,	there	are	always	chances	for	improvement	and	through	continued	developments	microorganisms	could	be	used	as	suitable	choices	in	heavy	fungicide	regimens	presently	used	in	agriculture.	nov.,	bacterial
endosymbionts	of	the	plant-pathogenic	fungus	Rhizopus	microsporous.	Surg.	L.,	Van	Dalfsen	J.	(2017a).	Fabrication	of	nanocomposites	and	hybrid	materials	using	microbial	biotemplates.	and	Hertweck,	C.	The	issue	of	essential	function	played	by	a	microbial	community	that	interact	closely	with	plants	to	affect	their	health	and	biodiversity	and
productivity	is	currently	greatly	unexplored.	L.,	Quan	J.	Bacterial	flora	accompanying	Candida	yeasts	in	clinical	specimens.	Processes	5:53	10.3390/pr5040053	[CrossRef]	[Google	Scholar]	(2012).	Food	habitat	is	always	complex	because	mixture	of	several	microbes	coexists	in	the	same	food	concurrently.	Enhanced	biofilm	formation	and	increased
resistance	to	antimicrobial	agents	and	bacterial	invasion	are	caused	by	synergistic	interactions	in	multispecies	biofilms.	V.,	Wu	C.	As	a	result,	application	of	alternative	methods	of	treatment	becomes	more	needful.	(2006).	As	a	result	of	rare	possibility	of	prospective	randomized	human	trials,	the	analysis	of	implications	of	mixed-species	infections	are
limited	(Jard	et	al.,	2011).	J.,	McNulty	N.	aeruginosa	and	C.	B.,	Smith	S.,	Yarasheski	K.,	et	al.	Determination	of	precise	factors	influencing	biofilm	formation	and	triggering	QS	and	subsequent	gene	transfer	still	remains	a	major	challenge	in	this	field.	Phytoremediat.	Apart	from	lactones,	Gram-negative	and	Gram-positive	bacteria	can	also	use	a	common
signaling	molecule	(borate	furanosyl),	known	as	auto-inducer-2	(IA-2)	and	(IA-3)	(Bouyahya	et	al.,	2017).	It	is	used	separately	or	in	combination	with	CO2	and	as	such	has	an	indirect	inhibitory	effect	on	aerobic	microorganisms	(Loss	and	Hotchkiss,	2001).Bacterial–fungal	interactions	data	on	clinical	relevance	is	currently	limited.	enteritidis	is	likely	to
be	negatively	influenced	by	the	limited	amount	of	iron.	Fungus-growing	ants	use	antibiotic	producing	bacteria	tocontrol	garden	parasites.	Is	autoinducer-2	a	universal	signal	for	interspecies	communication:	a	comparative	genomic	and	phylogenetic	analysis	of	the	synthesis	and	signal	transduction	pathways.	M.,	Jabra-Rizk	M.	It	may	however	not	be
easy	to	confirm	whether	there	is	no	effect	as	long	as	information	on	growth	measurement	and	survival	is	not	available.Predation	In	the	ecosystem,	organisms	are	interconnected	and	involved	in	several	interactive	patterns	among	themselves	as	well	as	with	their	immediate	environment;	such	relationships	are	important	for	organisms	to	grow
temporally.	Sources	of	energy,	nitrogen,	minerals,	vitamins,	and	water	are	examples	of	essential	nutrients	required	by	the	microorganisms	(Jay,	2000).	W.,	Yang	G.	The	microorganisms	thereafter	synthesize	proteases,	transport	systems,	and	peptidases.	neoformans	is	achieved	when	K.	Res.	A.,	Griffin	A.	10.1146/annurev.micro.55.1.165	[PubMed]
[CrossRef]	[Google	Scholar]Morales	D.	107,	1253–1265.	L.,	et	al.	15,	22–31.	These	elements	directly	affect	crop	yields	due	to	their	elevated	concentrations	beyond	certain	thresholds	(Xiong	et	al.,	2014).Within	the	environment,	bacteria	play	an	important	role	in	treating	the	soil	to	redeem	it	of	heavy	metal	contamination	(Chen	et	al.,	2015).	aureus	and
vancomycin-resistant	Enterococcus	faecium.	Currently,	extensive	efforts	have	been	devoted	toward	using	the	fermentation	process	to	grow	microorganisms	that	have	inhibitory	effects	on	bacteria	and	fungi	responsible	for	causing	adulteration,	as	need	for	additive-free	foods	has	become	increasingly	important.	Despite	the	time-span	of	their	co-
existence,	the	research	based	on	exploring	bacteria-fungi	inter-relationships	especially	in	context	of	multiple	infections,	is	still	minimal.	[Google	Scholar]Sturino	J.	Melanization	by	C.	S.,	Powell	B.,	Gaur	N.	12,	289–295.	Bact.	(2000).	Y.,	Hogan	D.	These	bacteria	utilized	amino	acids	for	metabolism	and	synthesis	of	fermentation	products	such	as	acetate
and	lactate,	which	led	to	increase	in	pH	that	ultimately	resulted	in	spoilage	of	baceman.	Genomics-inspired	discovery	of	natural	products.	Biol.	10.1146/annurev-micro-092412-155702	[PubMed]	[CrossRef]	[Google	Scholar]Schink	B.	10.1128/MMBR.00020-11	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Fuqua	C.,	Parsek	M.	aeruginosa
(Currie	et	al.,	1999;	Morales	et	al.,	2010).	In	baceman	maintained	at	24°C,	the	pellicle-forming	yeast	constituted	a	small	portion	of	entire	yeast	population,	and	there	was	no	change	in	acetate	concentration	(Röling	et	al.,	1994b).	P.,	Groth	I.,	Schmitt	I.,	Richter	W.,	Roth	M.,	Hertweck	C.	In	mixed	dairy	fermentations,	the	ability	to	make	use	of	amino
acids	efficiently	determines	the	growth	rate	and	dynamic	nature	of	population	(Juillard	et	al.,	1995,	1996).Bacteria-fungi	interactions	Different	forms	of	interactions	across	the	crucial	pathogenic	microorganisms	provide	the	basis	for	most	medical	conditions	especially	if	these	affect	the	immunocompromised	individuals.	Pseudomonas	aeruginosa-
Candida	albicans	interactions:	localization	and	fungal	toxicity	of	a	phenazine	derivative.	BMC	Evol.	Mycopathol.	10.1128/AEM.69.3.1854-1857.2003	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Loss	C.,	Hotchkiss	J.	Rouxii.	An	essential	ecological	implication	for	function	of	soil	which	includes	biogeochemical	cycles	is	influenced	by	plants	on
the	structure	of	a	group	of	microorganisms	and	their	role	in	the	rhizosphere.	91,	110–119.	M.,	Schuurmans	F.	developed	a	coculture	of	marine	Pestalotia	species	with	an	unidentified	antibiotic-resistant	marine	bacterium	to	ultimately	elicit	the	benzophenone	pestalone	biosynthesis	(Cueto	et	al.,	2001).	10.1046/j.1365-2958.1998.01062.x	[PubMed]
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Klaenhammer,	2006).Amensalism	Amensalism	is	a	type	of	an	interspecies	relationship	where	one	organism	has	a	negative	effect	on	the	counterpart	which	remaining	unaffected	itself	(Sieuwerts	et	al.,	2008).	N.,	Fry	D.	Antonie	Van	Leeuwenhoek	69,	109–117.	[Google	Scholar]Mounier	J.	Trends	Microbiol.	enteritidis	to	elevated	levels.	37,	1172–1177.
The	interaction	between	yeasts	and	bacteria	in	dairy	environments.	This	process	is	greatly	influenced	by	nutrients	which	increase	the	capacity	of	bacterial	cells	to	attach	to	a	surface	(Watnick	and	Kolter,	2000).	20,	852–857.	Lead	and	cadmium	phytoavailability	and	human	bioaccessibility	for	vegetables	exposed	to	soil	or	atmospheric	pollution	by
process	ultrafine	particles.	74,	172–181.	The	yeast	Cryptococcus	neoformans	and	bacterium	Klebsiella	aerogenes	coinfection	is	one	of	the	mostly	studied	such	interactions.	M.,	Gnehm	N.,	Lacroix	C.	Chem.	J.,	Kjelleberg	S.	The	varying	requirements	of	changing	environment	often	meet	tightly	regulating	expression	of	biosynthetic	gene	clusters.	Recent
Pat.	10.3389/fpls.2017.01764	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Winter	J.	S.,	Goldsmith	C.	L.,	Garber	R.	(1985).	A	scenario	of	unique	relationships	of	mutualism	exists	whereby	chemical	synthesis	capabilities	ofsymbionts	are	used	by	the	host	organisms	harboring	them	to	prevent	growth	of	any	other	potential	competitors	in	order
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Other	examples	of	minerals	necessary	for	growth	of	microorganisms	include	iron,	sulfur,	magnesium,	manganese,	phosphorus,	calcium,	and	potassium.	Clin.	(1996).	The	nutrients	including	carbohydrates,	alcohols,	and	amino	acids,	etc.	S.,	Rao	D.,	Hansen	L.	77,	400–406.	Mycoflora	in	cystic	fibrosis:	some	ecologic	aspects	of	Pseudomonas	aeruginosa
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validated	by	data	from	animal	models.	These	fungal	toxins	can	be	easily	transformed	or	even	degraded	by	several	bacteria	(Ibrahim	et	al.,	2008).	65,	896–906.	The	“traditional”	plant	biotechnology	sector	centers	around	plant	breeding	and	ultimately	choosing	the	characteristics	that	are	beneficial,	and	it	least	considers	the	ecology	of	plant–microbial
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have	been	identified	(Fuqua	et	al.,	2001;	Miller	and	Bassler,	2001;	Chen	et	al.,	2002).	Modeling	microbial	communities:	a	call	for	collaboration	between	experimentalists	and	theorists.	70,	6643–6649.	In	short,	this	review	reveals	the	recent	contributions	of	microbial	interaction	for	the	benefit	of	mankind.Keywords:	microbial	interactions,	biofilms,
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