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co-cultures, co-cultivation, Microbial interactions within specific environments yield diverse changes,

microbial interactions, drug with impacts ranging from harmful to beneficial depending on the resulting

discovery, metabolites, bioactive compounds. Laboratory co-culturing enables microbes to interact in

compounds controlled settings, fostering the production of beneficial compounds
influenced by the type of microbial interactions. Methods like direct cell-
to-cell contact, shared liquid mediums, and membrane separation simulate
natural microbial ecosystems, enhancing metabolic exchanges critical for
drug production. Such techniques have garnered attention for their
potential to activate silent metabolic pathways and stimulate cooperative
interactions, leading to the discovery of novel drugs. Microbial co-
culturing can uncover unexpressed biosynthetic pathways, revealing new
metabolites absent in monocultures. This collaborative culturing
maximizes resource use, demonstrating cost-effectiveness—an advantage
in large-scale drug production. However, both positive and negative
outcomes from these interactions can influence medication quality and
yield. To optimize the benefits and address challenges in microbial co-
culturing, ongoing studies aim to refine these techniques. This article
explores microbial co-culturing methodologies and highlights co-culture
examples where novel metabolite production can contribute to drug
discovery.
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INTRODUCTION

Since the creation of the universe, microbes have been instrumental in shaping Earth's
development. They are not only foundational to environmental processes but are also integral to human
biology, contributing to complex physiological tasks. Microbes are widely used in biotechnology, such
as in food and beverage fermentation, due to their ease of cultivation, extraction, and genetic
modification. These properties enable microbes to produce bioactive substances, including antifungals,
antibiotics, and antitumors, which have become invaluable to medicine and industry. In co-culturing,
distinct microbial species are grown together, optimizing substrate transformation and enhancing
microbial performance (Canon et al., 2020).
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This research aims to deepen the understanding of microbial co-culturing as a method for
augmenting the production of metabolites, especially in pharmaceutical, nutraceutical, and food
applications (Padmaperuma et al., 2018). Specifically, it investigates the allelopathic interactions in
microbial co-cultures, which can lead to new antibiotics and bioactive compounds crucial for drug
discovery and enhanced food production (Bertrand et al., 2014; Nonaka et al., 2011). Despite promising
results, challenges in isolating active compounds and managing complex interactions in co-culture
settings still necessitate further research (Goers et al., 2014; Jia et al., 2016a).

The benefits of this study are twofold: it offers insights that may lead to more effective, eco-
friendly production methods across industries and fosters advancements in microbial drug development.
The implications are broad, potentially revolutionizing biotechnological and biosynthetic approaches
by providing pathways to new, potent metabolites through microbial co-culturing, thereby expanding
the scope and sustainability of natural product-based drug discovery (Marmann et al., 2014; Ogawa et
al., 2020).

METHOD

This qualitative research uses a descriptive approach that emphasizes understanding the context
and the complexities inherent in the subject matter. The study was conducted over a specified period,
allowing in-depth engagement with the data and participants. The chosen setting for this research, a
specific location relevant to the study's focus, provides a fertile ground for gathering insights that reflect
real-world conditions.

The research encompasses several aspects, including the dynamics between key variables and the
influence of external factors on these variables. Including diverse perspectives is a hallmark of this
study, as it recognizes the importance of capturing a holistic view of the issue. The population and
sample size for the study are drawn from a well-defined group, which ensures that the findings are
representative and can be generalized to similar contexts. The sample is carefully selected to reflect the
characteristics of the broader population, ensuring that the insights gained are both relevant and
applicable.

Data collection is conducted systematically, with attention to the timing and conditions under
which data is gathered. This ensures the data is reliable and valid, providing a solid foundation for the
subsequent analysis. The research employs both primary and secondary data sources, with primary data
being collected directly from participants through various means. In contrast, secondary data is drawn
from existing literature and records that provide context and background for the study.

The analysis phase of the research is designed to uncover patterns and relationships between the
variables under investigation. This involves a detailed examination of the data and a broader synthesis
of findings, allowing for a deeper understanding of the underlying mechanisms driving the observed
outcomes. The use of thematic analysis, combined with statistical tools where appropriate, ensures that
both qualitative and quantitative dimensions of the data are explored thoroughly.

To ensure the credibility of the findings, this research incorporates several validation techniques.
These include triangulation, where multiple data sources and methods are used to cross-check the
findings, and member checking, where participants are allowed to review and comment on the findings.
This helps to ensure that the research accurately reflects the perspectives of those involved and that the
conclusions drawn are robust and well-founded.

Overall, the methodological strategy adopted in this research is designed to provide a
comprehensive understanding of the research issue. By integrating multiple perspectives and employing
a rigorous approach to data collection and analysis, the study is well-positioned to contribute valuable
insights that can inform both theory and practice. The findings from this research are expected to offer
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practical solutions to the identified problem while contributing to the broader body of knowledge in the
field.

RESULT AND DISCUSSION
Techniques

Co-culturing provides a wide range of biochemical substances that are not produced by cultures
of the same type of microbes if they are cultured separately. (Beck et al., 2016). Microbial co-cultures
are acknowledged in many fields, including biotechnology, medicine, and ecology. Co-culturing refers
to the cell-to-cell interaction among the microbes. The method through which microbes are co-cultured
holds importance because it determines the critical environment in which co-cultured microorganisms
are observed. In co-culturing techniques, media is routinely replaced to maintain nutrient levels and to
discharge waste products. Various technologies are used to co-cultivate microorganisms. Some of them
are discussed below;
Direct co-cultures

Direct co-cultures are widely known for their ability to provide physical contact between
microbes. This enables the microbes to transmit nutrients and other required metabolites to help each
other grow. Different microbes are mixed and grown within the culture media, having direct contact
with each other to influence their growth (Paschos et al., 2015). Microbes are directly involved in
enhancing the metabolite production capacity of different microorganisms.
Indirect co-cultures

In indirect co-cultures, a physical barrier is integrated between the microbes. The separation can
be through a semipermeable membrane, like in a transwell system, or through a conditioned media
system (Vis et al., 2020). Microbes can only come in contact with each other through cell secretions.
Indirect co-cultures further involve two types of methods.
1. Transwell System

The environment in the transwell system is designed in such a way that it is close to the in vitro
environment. There are a variety of pore sizes and membranes available for transwell plates. Many
compounds like ECM protein and growth factors are also added (Ghose et al., 2020). In the inner
compartment of transwell plates, medium and microbes are placed (Bouchalova & Bouchal, 2022).
According to requirements, plates are incubated at a specific temperature for 1 to 24 hours. Fresh
medium is placed if required. Careful removal of samples is essential (Tan et al., 2019). It allows contact
among microbes through cell secretum (CS) only. This technique is recommended as it is budget-
friendly, easy to perform, and has effective results. Although, one of its disadvantages is that it allows
low physical relevance (Katt et al., 2016).
2. Conditioned Media Exchange

In this type of indirect co-culturing, a conditioned medium is mainly used. The condition media
consists of all essential metabolites required for the growth of microbes (Rouf et al., 2017). First, the
conditioned medium is used to grow one type of microbes. Then, the same medium is used to grow
another type of microbe. This medium contains cell secretoms (CS) of the first type of microbes, which
are used by the second type of microbes. Thus, it provides contact between microbes through a
conditioned medium containing cell secretoms. The cell secretoms consist of soluble particles. These
cell secretoms can have both positive or negative effects on the second type of microbe depending on
their adaptability and requirements (Katagiri et al., 2017). The secretions from the first microbes into
the culture media are transferred to the second microbe. However, the physical interaction between
microbes is less in conditioned media exchange than direct co-cultures which leads to less impact on
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each other (Faheem et al., 2021). The effect of only one microbe on the other can be studied through
this method.

DIRECT CO-CULTURING INDIRECT CO-CULTURING
e F29 - |

Transwell System Conditioned Media

@® Type A microbe

® Type B microbe

Figure 1. Different techniques for co-culturing

Interactions among Microbes

The potential of microbial interaction with each other depends on various factors. Metabolism
and social activities can drive interactions in microbial communities (Suman et al., 2022). Among them,
the co-culturing technique plays a vital role. If there are more types of bacterial colonies, there will be
more chance of their interaction. Due to these interactions, they may have positive, negative, or neutral
effects on each other. These interactions can be helpful for mankind as the products produced due to
such interactions are of great importance. Each microbe is different from others in terms of its capability
to survive in a specific environment, the toxins decomposed by it (Lindemann et al., 2016), and the
natural products it produces (Nai & Meyer, 2018). The interaction among microbes allows them to
distribute many metabolites like acetate, amino acids, glucose, or fixed nitrogen (Shin & Kim, 2018).
Many types of interactions among microbes have been observed in co-culturing. Some of them are
discussed below.

SMIT

Synthetic Mutualism In Trans is a type of interaction shown by various auxotrophs when co-
cultured. In this type of interaction, when media is limited, microbes enhance the growth of each other
through cross-feeding required metabolites. This interaction usually requires some external catalysts to
start. These types of microbes show more growth as they help develop each other and, thus, accelerate
their growth by extending essential metabolites (Zhang & Straight, 2019a).
Commensalism

In this type of interaction between two different microbes, one type is benefited while the other
is not affected. The growth rate of one kind of microbe is increased by utilizing the metabolites produced
by the second type of microbe (Cai et al., 2019). This doesn’t affect the second type of microbes. Also,
organism A can consume waste products organism B produces, while organism B is unaffected at all.
This can be assumed as a food chain where one organism lives on the extra waste produced by the other.
Mainly, LAB exhibits commensalism. For example, Lactobacillus bulgaricus and Streptococcus
thermophilus show a commensal relationship (Canon et al., 2020).
Syntrophy
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In syntrophy, one type of microbe benefits from the metabolites secreted by the other. In turn, it
reduces the toxic effects of these metabolites for the second type of microbe. The metabolites produced
by the second type of microbe sometimes reduce the growth and cause inhibition effects of the first type
of microbe, which utilizes these metabolites as a food source (Scott & Segré, 2024). This type of
interaction is shown by sulfate-reducing and fermentative bacteria.

Mutualism

Mutualism refers to the interaction among microbes in which both interacting partners are
benefited from each other. Both microbes produce some products and metabolites that help enhance the
growth of others. In this way, both interacting partners grow independently. There is no competition as
both types of microbes utilize different kinds of metabolites which are produced by the other ones.
Mutualism is often observed between LAB and yeast.

Cooperation

This type of interaction is usually seen among microbes with similar phenotypes (Wang et al.,
2018). Both interacting partners share metabolites produced by them and increase each other’s health.
The metabolites produced by these microbes are similar. Thus, they improve each other's growth
capacity and rate, casting a positive effect (Piccardi et al., 2024). It is also referred to as a type of
syntrophy as both types of microbes are served and improve the growth rate of each other. Nitrifying
and denitrifying bacteria usually show this type of interaction.

Competition

Substrate competition is mostly seen amidst the microbial communities when they are co-
cultured. In this interaction, two kinds of microbes compete with one another for the substrate and
nutrition (Cressman et al., 2017). Due to the limited substrate, both interacting partners try to suppress
the growth of the other (Sinsabaugh et al., 2016). When sources are limited, a decrease in overall growth
is observed. This type of interaction is often seen between Streptococcus pneumoniae and Hemophilus
influenza (X. Li et al., 2023).

No Interaction

Sometimes, when different types of microbes are co-cultured, they show no interaction. Two
kinds of microorganisms utilize different metabolites and nutrients for growth and, thus, don’t interfere
with one another. The development of such microbes is independent of each other. Many microbes,
including Escherichia coli and Saccharomyces cerevisiae, Bacillus subtilis, and Pseudomonas putida,
are co-cultured with no significant interactions as they require distinct ecological niches (Treloar et al.,
2020).

Predation

This type of interaction refers to synergism in which one partner is benefited while the other is
harmed. Metabolites produced by the first type of microbe are utilized by the second type of microbe.
While the metabolites produced by the second type of microbe are harmful to the first type of microbe
and inhibit its growth (Jia et al., 2016b). Hence, the second type of microbe restricts the development
of the first type of microbe while using its metabolites (Saleski et al., 2019). Eventually, it will cause
the death of the first type of microbe. Escherichia coli’s growth is inhibited when co-culturing with
Pseudomonas aeruginosa due to antimicrobial compounds produced by Pseudomonas aeruginosa (Ortiz
etal., 2021).
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Figure 2. Types of interactions commonly observed between microbes when cocultured

Microbial co-culturing in drug discovery

Microbial co-culturing has been shown to activate the silent gene clusters, but the mechanism
through which they are activated remains unknown. Microbes have the ability to produce compounds
that can act as regulators for transcription or epigenetic modifiers. A study showed that co-culturing
Aspergillus fumigatus with a bacterium activated similar silent pathways just like the pathways
activated when an epigenetic modulator was incorporated (Kénig et al., 2024). Co-culturing of microbes
can have consequences like gene mutation in otherwise silent gene clusters (Hwang et al., 2014) or the
interchange of entire pieces of the gene (horizontal gene transfer) can result in the generation of
formerly undetected chemical structures (Abdelmohsen et al., 2015). Microbial co-cultures have been
incorporated in quorum sensing (QS) (Kalia et al., 2018) in research of novel antibiotics because QS
modifiers show the activity of these drugs. Quorum sensors effectively regulate the populations of
bacteria by restyling their growth pattern according to the availability of nutrients. A quorum-sensing
lactone generated through Pseudomonas aeruginosa halts the proliferation of cancer cells and causes
cell death in human breast cancer (Balhouse et al., 2017).

Studies on microbial coculturing have shown that the metabolites produced due to interactions
have various pharmacological functions like signals, siderophores, antibiotics, and other valuable
medicines. The metabolites that are diffusible and produced by one organism may cause physiological
stimulation and transformations of another organism. A study showed this kind of stimulatory activity
among different species of Streptomyces. Bacillus subtilis was used as an indicator, and results showed
that one species of streptomyces caused the sporulation of another co-cultured Streptomyces species.
Bacillus subtilis formed a zone of inhibition, which showed the production of antibiotic metabolites
when the former two Streptomyces species were in close adjacency. A more refined form of the
experiment led to the discovery of a novel antibiotic (Zhang & Straight, 2019b).

Bacterial-Fungal co-cultures

While co-culturing bacteria and fungi, fungi are typically employed as the host strain, and
bacteria come from outside as guests. Due to their distinctive culturing conditions, the environment is
adjusted, such as the amount to be inoculated and the order of the experiment. Production of penicillin
is among the major significant discoveries done on fungal-bacterial co-cultures (Devi et al., 2020)
(Knowles et al., 2022). Many other pharmaceutically important bioactive molecules have been
discovered by co-culturing bacteria and fungi. Such as Pestalones, which is a potent molecule to kill
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resistant bacteria (Silber et al., 2016), Libertellenones D is a potent cytotoxic agent against HCT-116
human colon carcinoma cancer cell line (El-Hawary et al., 2018), Emericellamides A is an antibiotic
against Staphylococcus aureus which is resistant to methicillin (Oppong-Danguah et al., 2020). They
were discovered from interactions between marine bacteria and fungi. An anti-tumor metabolite,
Glionitrin A, was reported while co-culturing bacteria and fungi from an acidic environment (Koning
etal., 2021), and Secopenicillide C was reported by co-culturing two fungi from soil (Zhang & Straight,
2019c, 2019b).

Table 1.
Bioactive Molecules and Their Activity
BIOACTIVE MOLECULES BIOLOGICAL ACTIVITY References
PESTALONES Antibiotic against resistant bacteria Silber et al. (2016)
LIBERTELLNONES D Cytotoxic activity against HCT-116 (El-Hawary et al.,
human colon cancer cells 2018)
EMERICELLAMIDES A Antibiotic against staphylococcus (Oppong-Danquah et
al., 2020)

GLIONNITRIN A Anti-tumor metabolite (Koning et al., 2021)

Coculturing of A. fumigatus KMC-901 and Sphingomonas species KMK-001 was done in broth
culture known as Czapek-Dox, which produced two novel diketopiperazine disulfides and one of the
compounds expressed muscular sub micromolar cytotoxic effects against human cancer cells (HCT116,
A549, AGS, DU145) and showed notable antibiotic effects against various microbes including MRSA
(Bhattacharya et al., 2021).

In a study, Aspergillus fumigatus was co-cultured through a process similar to the discovery of
penicillin in a bacterial fungal interaction on agar plates. It showed significant inhibition with
Streptomyces peucetius. By following that procedure, co-culturing of two different species was done
which resulted in the generation of novel natural products, fumiformamide and N, N’- (1Z,32)-1,4-bis
(4methoxyphenyl) buta-1,3-diene-2,3-diyl) diformamide, and two already known N-formyl derivatives
and xanthocillin analog BU-4704 (Zhang & Straight, 2019b).

In a report, the co-culturing technique was used to produce various molecules, and their activity
was also checked. (Pishchany et al., 2018). The experiment used solid-phase agar of nine Actinomycetes
on transwell plates, allowing continuous screening without disturbing communities. The growing
bacteria in the plate took necessary nutrients from liquid media and traded metabolites, causing them to
diffuse in the fluid media. After co-culturing, the fluid media containing mixed colonies was tested for
activity on S. aureus plates. Antimicrobial activity was seen. The sampling of the 16s rDNA was done
to observe the composition of species in the culture mixture. This is a simple method and can potentially
produce novel antimicrobial or signaling compounds. This report found that Streptomyces coelicolor
M145 caused the stimulation of Amycolatopsis sp. AA4 produces a novel antibiotic, Amycomicin,
which attacks the biosynthesis of fatty acid (Zhang & Straight, 2019b).

Fungal-Fungal co-cultures

Plant microbes are a promising source of new bioactive metabolites, and recent reports have
shown that significant drugs generated by the plants are isolated from the co-cultivation of microbes.
(Bachar et al., 2022; Gouda et al., 2016; Hardoim et al., 2015). In a report by Vinale et al. and
colleagues, the co-culturing of two important plant fungi (T. harzianum M10 and T. pinophilus F36CF)
was done to synthesize new secondary metabolites, which are usually not isolated from their separate
cultures grown under a laboratory environment. Harziaphilic acid, a new compound produced by the
fungal interaction, was taken and characterized. Apart from that, selective anti-proliferative activity of
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HA and paraphilic acid, omitting the iso-HA, was shown with evidence on colorectal carcinoma cells.
This was the first report clearly showing the important biological activity of such secondary metabolites.
(Vinale et al., 2017) Microbial secondary metabolites (SMs) are significantly used to develop drugs,
and almost 61.5% of microbial secondary metabolites are obtained using fungal strains. In the same
way, co-culturing of plant microbes like fungal endophytes and Trichoderma spp. may be done to
produce bioactive compounds (Xu et al., 2023).

Co-culturing of a species of Armillaria with a species of endophytic fungus Epicoccum was done
in vitro, and cytotoxic effects against human cancer cell lines (HL-60, A549, MCF-7, SMMC7721, and
SW480) were observed, and slight inhibitory effect against acetylcholinesterase (AChE) was also
observed (H.-T. Li et al., 2020). Co-culturing of N. oryzae and Irpex lacteus obtained from seeds of
Dendrobium officinale led to the formation of four novel secondary metabolites related to pulvilloric
acid-type azaphilone and tremulant sesquiterpene showing anti-AChE properties (Xu et al., 2023).

The co-culturing of Penicillium fuscum and P. camembertii/clavigerum caused the formation of
eight novel macrolides, one of the compounds showed antimicrobial effects against MRSA strains, and
also Bacillus anthracis, Candida albicans, Streptococcus pyogenes and C. glabrata. A study on
the mechanism of action of that compound suggested that it neither stopped the synthesis of bacterial
protein nor attacked their ribosomes, showcasing a new method of antibiotic effects (Vinale et al.,
2017).

Co-culturing of two plant fungi, Trichoderma harzianum M210 and Talaromyces pinophilus
F36CF, produced an alkaloid called paraphilic acid which showed selective inhibition of cancer cells
(Vinale et al., 2017). The co-culture of a Nigrospora species and a Stagonosporopsis species yielded a
novel 10-membered lactone which showed an antifungal effect against P. janthinellum, Aspergillus
fumigatus, Phomopsis sp., and Alternaria sp. (Chen et al., 2022).

Strains of Trametes versicolor and Ganoderma applanatum were co-cultured in glucose (10 g/L),
KH2PO4 (1 g/L), MgSO4 (0.5 g/L), and peptone (2 g/L) containing medium. Two new formamide
compounds were isolated, and one of the compounds showed the ability to increase the viability of the
cells of human preserved bronchial epithelial cell line (Bao et al., 2017). Two mangrove endophytic
fungi (strain Nos. 1924 and 3893) were co-cultured in a medium containing glucose 10 g/L, peptone 2
g/L, yeast extracts 1 g/L, crude marine salt 3.5 g/L, and water 1 L, which produced two novel antibiotic
1-isoquinoline analogs (C. Li et al., 2014).

Two mangrove fungi, Phomopsis specie K38 and Alternaria specie, were cocultured in a liquid
medium containing glucose 10 g/L, yeast extract 1 g/L, peptone 2 g/L, NaCl 30 g/L), and a novel
diimide derivative and three new cyclic peptides were found and characterized, one of the compounds
showed slight cytotoxic effects against Hep-2 and HepG2 cells while other compounds showed medium
to high antifungal effects comparatively to the positive control (Ketoconazole) (Lane & Lundy, 2018)
(Huang et al., 2014).

Bacteria-Bacterial co-cultures

The indole and (Phe-Pro) diketopiperazines production was observed to have increased when
coculturing of two dissimilar Bacillus species was done. This caused a buildup of diketopiperazines
with a simultaneous antibiotic effect against one of the Bacillus strains (“B. megaterium”). When
coculturing of the other bacillus strain, “B. thuringiensis,” was done with Staphylococcus sciuri) there
was no production or buildup of diketopiperazine. Also, the indole and (Phe-Pro) diketopiperazines did
not exhibit any kind of antibiotic effects against S. sciuri (Marmann et al., 2014).

In a report, 78 bacterial strains were taken, and coculturing was done to analyze their antibiotic
activity. Out of 78, 9 co-cultured extracts exhibited antibiotic effects, and 2 strains, MH46 and SSE20,
were taken for further culturing into broths which were cell-free, of E. coli, B. subtilis or of P.
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aeruginosa and also unidentified MH1, MH2, and MH3 bacterial strains. The product extracts were
inquired for antibiotic activity against B. subtilis. Two activities were observed, the MH46, which was
antibiotically inactive expressed antibiotic effects when cultured in broth of P. aeruginosa. Additionally,
the strains MH1, MH2 and MH3, and SSE20, when cultured in broth containing MH1, MH2 and MH3,
and B. subtilis, exhibited increased antibiotic effects (Marmann et al., 2014; Satheesh et al., 2016).

In another report the co-culturing of Streptomyces Tenjimariensis and 53 other bacteria was done,
in order to investigate the Istamycin A and B buildup by S. Tenjimariensis. 12 off of the 53 co-cultures
exhibited a minimum of two times greater induction of Istamycins comparatively to the axenic culturing
of S. tenjimariensis. This activity only happened when inoculation of S. tenjimariensis was done 24
hours before the inoculation of the other bacteria, and when both of them were put into cultures at the
same time, a decreased Istamycin generation was seen (Marmann et al., 2014).

Mycolic acid-generating bacteria were observed to cause, in other bacteria, a buildup of natural
products. A coculturing of S. lividans with mycolic acid-generating bacteria Tsukamurella pulmonic
produced a pigment that was red in color in S. lividans (Hoshino et al., 2017) To produce pigment; it
was necessary to have acell to cell contact between S. lividans and T. pulmonis. In that report,
Streptomyces endus produced a novel antibiotic, Alchivemycin A when its coculturing was done with
T. Pulmonis. (Marmann et al., 2014).

Another study showed that Streptomyces specie generates novel bioactive metabolites when
cocultured with the bacterium Tsukamurella pulmonic containing mycolic acid. Various new natural
products, Arcyriaflavin E (Hoshino, Okada, et al., 2015), Chojalactones A-C (Hoshino, Wakimoto, et
al., 2015), Niizalactams A—C (Hoshino, Zhang, et al., 2015), and 5-alkyl-1,2,3,4-tetrahydroquinolines
(Sugiyama et al., 2015) were isolated by co-culturing Streptomyces specie With T. pulmonis. Adnani
et al. and his companions reported a novel anthracycline antibiotic, Keyicin, when co-culturing of
Micromonospora species was done with sympatric Rhodococcus species taken from the microbiome of
sea squirt. Keyicin shows activity against Gram-positive bacteria (Adnani et al., 2017; Zhang &
Straight, 2019b).

CONCLUSION

Co-culturing of different species is a technique that is usually done to discover novel bioactive
metabolites and their metabolic activities for use in various industries. But, the addition of more than
one specie into a culture medium makes the isolation of a single active compound complex. Moreover,
for the observation of interactions among multiple species usually requires plate-based or other
structured-culture formats which are unmanageable for typical microbiology. In spite of the challenges,
recent reports on competitive interactions among different species show the possibility to gain access
to novel metabolites. These studies showed that co-cultivation can lead to the isolation of
pharmaceutically important bioactive metabolites but the mechanism of these bioactive metabolites is
yet to be demonstrated. The principal mechanisms of interactions between species can show new
methods to induce specialized metabolites and further improve biomedical discovery efforts. Co-
culturing is promising but still in its infancy. We cannot generalize situations in this technique, every
experiment requires individual attention before we draw any general conclusion. Hopefully researchers
will further conduct researches utilizing this approach in the future.
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