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ABSTRACT

Natural products produced by microorganisms have been considered the major resources for drug discovery.
However, the production of new and active metabolites becomes difficult and getting gradually higher. Co-cultureis
one of the best methods for enhancing the production of cryptic metabolites by de silence the biosynthetic pathways.
Microbial competition for resources like nutrients and space is proven to be the driving force for the production of
bioactive secondary metabolites. It can create a competitive environment for limited space and nutrients may trigger
the unexpressed pathways which result in the production of bioactive metabolites due to interspecies interaction.
This review focuses on the production of different metabolites from bacteria and fungi by co-culture approach.
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INTRODUCTION

Natural products are the predominant source fog diliscovery. Microorganisms have been produced rtitae
22,000 bioactive compounds. But determination ofv rend promising metabolites becomes difficult. \das
approaches have been reported to induce the prioducf bioactive secondary metabolites[35]. In ladtory
condition, biosynthetic pathways which produce seleoy metabolites may remain silent. Several methuale
been taken to express these silent biosynthetiiwgats which results in the production of cryptic
metabolites[31].0ne of the best and effective mashfor enhancing method for enhancing the prodoaifocryptic
metabolites is co-culture [23]. In nature interspsdnteraction is often exhibited by microorganisl@ompetitive
environment for space and nutrients results inrgpeecies interaction which leads to the productibsecondary
metabolites to enhance their own growth [5]. Duectemical defense mechanism or microbial cross, talk
biosynthetic genes are triggered when two differeiarobial strains are cultured together in onéwel vessel [25].
Microbial competition for space and resources ievpn to be the major driving force for the prodotiof
secondary metabolites[21].Under laboratory condjtivo organisms can be co-cultured for the prddacof
secondary metabolites that has higher benefits plia@ or mono culture. Structurally unique and walibioactive
metabolites have been produced such as lipoamiptides, diketopiperazine and cytotoxic N- formykalbids
[15].

The co-culture method has been used to study v@pbenomenons such as 1.elucidation of symbiosiagrhena
2.natural communities’ investigation in agricultur& Human micro biome interaction 4. Induction of
pharmaceutical bioactive compounds 5.induced ptimluof yield specific products[3].Many studies kakieen
described about the application and advantagesoafulture such as increased yield of industrial dpias,
production of useful consumer goods and the disgoeenovel bioactive secondary metabolites.
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MICROBIAL INTERACTIONS

Microbial interactions or Interspecies interactians omnipresent that can be found in ecology)8f competitive
environment for nutrients and space organisms uevol interspecies interactions which results i filrmation of
secondary metabolites to enhance their own gromtht@ prevent from other organisms. Cell to cethanunication
can be occurred through chemical signaling molecsieh as auto inducer or biofilm formations [2].
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Figure 1: Typesof interactionsin co-culture[9]

BACTERIAL FUNGAL INTERACTIONSIN CO-CULTURE

Bacteria and fungi are the predominant source aorsgary metabolite production[27]. The interactimetween
bacteria and fungi leads to the production of maegondary metabolites. The first antibiotic pefitiwas
discovered from the interaction of bacteria andgfy26].The physical interaction between bactena &ungi is
mainly based on biofilm formation. The bacteriatidangal biofilm can be existed as mixed complexumgi can
be provided biotic support for the establishmentbatterial biofilm [11]. Different types of bactekifungal
interactions involved in secondary metabolites pobidn such as 1. Interaction based on signalidqtibiosis
interaction 3. Cooperative metabolism interactiddhemotaxis and cellular contacts [9].

The co-culture ofAspergillus fumigatus and Streptomyces bullii can produce the Ergo sterol one and seven
metabolites belong to the family of diketopipera&ziNone of these compounds were produced when these
microorganisms cultured separately. Ergo sterohd seven metabolites showed antibacterial and rattipoal
activity againsSaureus, E.coli, Trypanosomabrucel brucei and Leishmania donovani [25].In similar approach, Co-
cultivation of Aspergillus fumigatus KMC-901 andSphingomonas sp. KMK-001 produced a new Diketopiperazine,
glionitrin B. The suppression of D0145 cell invasican be caused by glionitrin B [24].

The cytotoxic activity of Libertellenones A-D (difeenoid metabolites) against HCT-116 human adecoeana
cell line. Libertellenones were produced by maritezived fungud.ibertellasp when it co-cultured with marine
alpha proteo bacterium [21].The isolation of ertdgjr fungusFusariumtricinctumwas done and co-cultured with
bacterial strain oBacillus subtilis for the induced production of secondary metabsliteluded lateropyrone(5),
enniatin type cyclic depsipeptides (6-8) and tipmpeptide fusaristatin A(9). These compounds show
antibacterial activity again&interococcus faeclis, Sreptococcus pneumonia and Staphylococcus aureus [22].

In similar approach, induced the production of Eoeimides A and B by the co-culture of marine ded fungus
Emericella sp and Salinispora arenicola was discoveredEmericellamides A and B showed antibacterial &gtiv
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againstStaphylococcus aureus which is methicillin resistant [20].The productidiformyl alkaloids from the co-
culture of Aspergillus fumigatus and Sreptomyces peucetius was reported andcytotoxic activity of N-formyl
alkaloids were carried out on NCI-60 cell line anldas shown significant activity against cell lif3s].

The antibiotic activity in the co-culture 8&cillus subtilis and Rhizopus peka were expressed both in pure culture
and co-culture in which co-culture shown higherivétgt than mono culture. The production of antilidofrom
Rhizopus peka can be influenced in the preserBaeillus subtilis [10].

BACTERIAL INTERACTION IN CO-CULTURE

Marine bacteria have been produced many bioacteerslary metabolites [30]. The competition for tagses like
nutrients and space leads to the production of bo#tas by the help of microbial interactions. Ba@l
communications occurs by chemical signaling mokessiuch as auto inducers [32]. It has proven tanb&bundant
source for the production of structurally distinetbioactive secondary metabolites [29].

Co-cultivation ofActinokineospora sp. EG 49 andNocardiopsis sp.RV163 induced the production of known ten
compounds such as angucycline, diketopiperazine tetd carboline derivatives (1-10) and also induttesl
production of three natural products N-(2-hydroxgpyl)-acetamide(11)1,6-dihydroxyphenazine (12) &ad 6,
11a, 12-tetrahydro-5a,11a-dimethyl[1,4]benzoxadbp][1,4]benzoxazine(13a).Among these, only phare(12)
was shown activity again3typanosomabrucei and bacillus sp P25 also againgtctinokineospora sp.EG49 [6].

The co-culture system betwe&reptomyces sp. and Tsukamurella pulmonis for antibiotic production. Antibiotic
A33853 and aclacynomycin were produced3wgibogriseolus S430 andSpanayensis TT1712 when co-cultured
with T.pulmonis [12].Ina similar approach, the cross species aut#wn of Sreptomyces padanus and Rhococcus
facians resulted in the production of rhodostreptomycin A@nd B (2), two isomers of a new class of
aminoglycosides. These antibiotic exhibited adtgitagainstH.pylori. None of them produced activity against
Scerevisiae and human leukemia cell (HL-60)[16]. Similar tasthvork, isolation of four marine epibiotic baceeri
Bacillus sp.S3, B.licheniformis D1,B.pumilus S8 and Serratia marcescens4 were carried out andco-cultured with
pathogens and bio fouling strains. It enhancedatitéungal activity againsy.lipolytica and antibacterial activity
againstP.aeruginosa [8].

Indole and diketopiperazine were obtained from ocetitige induction between Bacillus isolate (UA-09dhd
bacillus strain (UA-089) [30]. In further study,etkcell to cell communication betweetalobacillus salinus and
Vibrio harveyi which leads to the production of two phenethylaamigetabolites. These nontoxic metabolites can be
acted as antagonist for bacterium quorum sensirlgaules with N-acyl homoserine [29].

The microbial competition betweeBtreptomyces tenjimariesis with different bacterial isolates can induce the
production of istamycin. Among 53 bacterial isotatmly 12 bacterial species induced the istamyoinlyction in
Stenjimariensis [28]. Alchivemycin A was produced from the co-culture Topulmonis which is mycolic acid
containing bacteria antreptomyces endus S-522. Mycolic acid presents in the outer layethef bacterium induced
the natural product biosynthesisSmeptomyces endus S-522[23].

FUNGAL INTERACTION IN CO-CULTURE

Fungi are prodigious sources for the productionatfiral products [5]. Antibiotics like penicillicyclosporine were
produced by fungi which have distinctive and unligathways for the production of secondary metabsi4]. In

a competitive environment fungi will synthesis emsgs and secondary metabolites for enhancing tisgirgrowth.

Interconnecting network of fungi can be formed asticellular filaments (mycelia). Two mycelia cameéract with

each other in various ways like neutralistic andualistic which leads to the formation of bioacta@mpounds [3].
The genes which are responsible for the produatiosecondary metabolites are formed as clustersramain

silent in fungi. These genes can be expressedrgaflinteractions [4].

When two different fungiFusarium tricintum and Fusarium begonia were co-cultured, two linear depsipeptides,
subenniatins A and B(1-2) were found. These comgsuvere allowed for antibiotic activity agaimRgeudomonas
aeruginosa, E.coli and SAureus . But none of them were active at the concentratib64 yg/ml [31].In another
approach, the interaction of two marine derivedylrstraindPenicillium sp andTrichoderma sp for the production
of two new polyketides 1 and 2. These polketidesevumdergone for ESI-MS [15].
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In further study, the production of new alkaloighagicin and known compounds ergosterol and neogifigeacid

by two mangrove derived epiphytic fungi in mixedrmfentation. These compounds shown activity against
B.dysenteriae, E.coli, Saureus B.subtilis Sepidermis and B.proteus,[34]. The production of novel xanthone
derivative by the co-culture of two epiphytic unitified mangrove fungi. Xanthone derivative antifah activity
was obtained againgtoeosporium musae and peronophthora cichoralearum [17]. The new lipoamino peptides and
acremostatin A, B and C were produced by the ctivation of Acremonium sp Thp-5 andMycogone rosea DSM

[7].

INTERACTION OF OTHER ORGANISMSIN COCULTURE

The co-culture ofaliva miltiorrhiza bunge (lamiacee) an®acillus cereus bacteria which induced the production of
tanshinone by 12 folds and yield of tanshinone wk® increased from 1.40mg/l to 10.4 mg/l [33].T¢tw
cultivation of the suspension cells @&xus chinensis var.nairei and endophytic fungFusarium mairei was
produced paclitaxel which is 38 fold higher thannmaulture. The productivity of paclitaxel was 25/l in co-
culture [18].Co cultivation oHaliotis discus hannai and sea cucumbetichopus japonicas can reduce the inorganic
nitrogen in water and enhance their growth [13].

In further study, seventy five marine bacteriahsts associated with four sponddg€ale mannarensis, Spongia sp,
Echinodictyum sp and Sgmadocia fibulatus) were isolated for antibiotic production agaiBstillus subtils , E.coli,
Vibrio harveyi and fungal strain o€andida albicans. Among these, 20% of strains were antibiotic pomita with
activity from broad to species specific [1].

CONCLUSION

The studies reported in this review clearly desttithat the co-culture is an effective method ffier production of
secondary metabolites by bacteria and fungi. Ctvation could be leads for the biomedical researthis

promising method can be used for the induction afeh structures and bioactive compounds in thel fadl drug

discovery. But the interspecies interaction of wias is complex and still clearly unknown. The clgression of
silent pathways due to cross species interactiahdmemical defense mechanism are needed to be fioutick

future.

REFERENCES

[1] TP Anand; AW Bhata; S Yogesh; Shoucheb; U Roy;ddi&rth; P Siddhartha; Sarrkgrobiol. res.,2006,161,
252-262.

[2] J Bader; EM Gerlach; MK Popovic; R Bajpai; U StahlaAppl.Microbial., 2010,109, 371-387.

[3] S Bertrand; N Bohni; S Schnee; O Schumpp; K GindkoyWolfender Biotechnol. Adv., 2014, 32,1180-1204.
[4] AA Brakhage; VSchroeckRungal Genet.Biol.,2011,48, 15-22.

[5] AM Calvo; AR Wilson; JW Bok; NP kelleMicrobiol. Mal. Biol. R.,2002, 66, 447-459.

[6] Y Dashti; T Grkovic; UR Abdelmohsen; U Hentschell QuinniMar.drugs.,2014, 12, 3046-3059.

[7] J Degenkolb; S Heinzea; B Schlegela; G Strobel@rafe,Biosci. Biotechnol. Biochem., 2002, 66(4), 883-886.
[8] DH Dusane; P Matkar; VP Venugopalan; AR Kumar; $§afde,Curr. Microbiol., 2011, 62,974-980.

[9] FP Klett; P Burlinson; A Deveau;M Barret; M Th& A Sarniguet AMicrobiol. Mol. Biol. R,, 2011,75(4),
583-609.

[10] T Fukuda; K Tsutsumi; H Moritalpn. J. Food Eng., 2008, 9(2),99-106.

[11] DA Hogan;MJ Wargo;N BeckKlorizon Scientific Press, 2007, 235—-245.

[12]Y lgarashi, NISR Research GRANPDOS.

[13]1KK Hoj; JY Kwon; YM Kim,Aquaculture, 2003, 216, 87-93.

[L4]NP Keller; G Turner; WJ Bennettlat. R Microbiol., 2005, 3, 937-947.

[15]MH Kossugaa; AG Ferreirab; LD Settec;Roberto; RS®iBck Nat. Prod.Commun., 2013, 8(6), 721.

[16]K Kurosawa; | Ghiviriga; TG Sambandan; PA Lessald;Barbara; C Rha;AJ Sinskely,Am. Chem. Soc.,
2008, 130, 1126-1127.

[17]C Li; J Zhang; CShao; W Ding; Z She; Y L@&hem. Nat. Compd.,2011,47, 382—-384.

[18]YC Li; WY Tao; L ChengAppl. Microbiol.Biotechnal., 2009, 83, 233-239.

[19]AMarmann; AHAly; W Lin; B Wang;P Proksdiar. Drugs., 2014,12, 1043-1065.

[20]1DC Oh; CA Kauffman;PR Jensen; W FenichlNat. prod.,2007, 70, 515-520.

[21]DC Oh; PR Jensen; CA Kauffman; W FeniBaborg. Med. chem., 2005, 13, 5267-5273.

484



R. Jayapradha et al J. Chem. Pharm. Res,, 2015, 7(5):481-485

[22]ARB Ola; D Thomy; D Lai; HB Oesterhelt; P ProksdhNat. prod., 2013, 76,2094-2099.

[23]H Onaka; Y Mori; Y lgarashi; T Furumaippl. Environ.Microbiol., 2011, 77(2), 400-406.

[24]1HB Park; YJ Kim; JS Park; HO Yang; KR Lee; HC KwanNat. prod., 2011, 74, 2309-2312.

[25]ME Rateb; | Hallyburton; WE Houssen; AT Bull; M @dfellow; R Santhanam; M Jasparsa; R HR&T, Adv.,
2013, 3, 14444-14450.

[26] S Kirstin; K Grainer; C Hertwecknnu. Rev.Microbial., 2013, 67, 375-397.

[271PSchroeckh; V Scherlach; K Natzmann; HW Sheles§cEmidt-Heck; W Schuemann; AA Brakhadreoc.
Natl. Acad.Sci., 2009,106, 14558-14563.

[28]M Slattery; | Rajbhandari; K WessdicrobEcol.,2001, 41, 90-96.

[29]1EM Teasdale; J Liu; J Wallace; F Akhlaghi; DC Royyl&ppl. Environ. Microbiol.,2009, 75,567-572.

[30]JA Trischman; RE Oeffner; MG delLuna; M Kazaokkar.Biotechnol., 2004, 6, 215-220.

[31]JP Wang; W Lin; V Wray; D Lai; PProksdrfrahedron Lett.,2013, 54(20), 2492-2496.

[32]CM Waters; BL BaslerAnnu. Rev. Cell Dev. Biol,2005, 21, 319-346.

[33]JY Wu; J Ng; M Shi; SJ WAppl. Microbiol. Biotechnol.,2007,77, 543-550.

[34]F Zhu; G Chen; X Chen; M Huang; X Wabhem. Nat. Compd,2011, 47, 767—769.

[35]KM Zuck; S Shipley; DJ. Newmad, Nat.prod., 2011, 74, 1653-1657.

485



