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Abstract: Microbial secondary metabolites are the rich sources of lead compounds. With the booming
of genome sequencing techniques, increasing microbial genomes have been sequenced and the
corresponding bioinformatics has also developed rapidly. Based on the bioinformatics analysis, a large
number of secondary metabolite-biosynthetic gene clusters (SM-BGCs) have been discovered in
filamentous microorganisms such as Strepfomyces and filamentous fungi. However, most of SM-BGCs
are dormant or silent under the conventional culture conditions with their corresponding metabolites
difficult to be detected, which are regarded as cryptic or silent gene cluster. Through manipulation of
the specific regulatory genes in the cluster or global regulatory genes outside the cluster, reconstruction
of the metabolic pathways and heterologous expression in other species can activate the expression of
cryptic gene clusters. Through activating expression of the cryptic gene clusters, researchers can
discover new structural metabolites with unique bioactivities that cannot be obtained through
conventional laboratory culture. Activating the cryptic gene clusters is a key approach to produce lead
compounds. However, such activation strategies are heavily dependent on the genetic manipulation of
the specific strains. Recently, researchers employ co-culture of specific microbial strains under
anaerobic or aerobic conditions to activate the cryptic SM-BGCs by mimicking the microbial
interactions occurring in natural environments. This strategy does not rely on the genomic information
or the genetic manipulation of target strains, and it has the advantage of easy operation. The co-culture
strategy requires that the different microorganisms in the mixed culture have similar growth rates and
no antagonistic interaction, which partially limits its application. Emergence of the synthetic
microbiomes may overcome this limitation and make the co-culture strategy more widely used in
future. Here, we overviewed the co-culture systems and applications, the mining of natural products
specifically produced in microbial co-culture, and the possible mechanisms underlying this

phenomenon.

Keywords: microbial co-culture; activation of cryptic gene cluster; microbial interactions; activation
mechanism; synthetic microbiomes
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Strategies for activating the cryptic gene clusters of microorganism.
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HL AT LUE S 235 R0 R 28 B[R] By X
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H A 3, BRI AT DL Sk S 0 AR
PO AN, RS B — MR Y I R A A bR
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obtusa)TE AR 3 3SR, KB T HAH
HH . PLAiR, DLEAEY BRI S Y
O-methylmellein (1-4, 2 1),

122 AESHEERHIESR

2 T3 5 DA Y 7 ST T A

Z AN T BB AR RO AR A7 IR B
FHA BR 8 Fe A KA ETE . AR 205 55 20 1 []
FIAEEAE R, 380 2 PR AN [ 25 7 200 T T R
TrILEE R R0 B TS — SE R R R R, et
B YGRS Rk . il , A
5 25 T (Streptomyces sp.) A Pk 5 il % K [C
(Tsukamurella pulmonis) LR34 T T R R N
BR(5-7, 2% D BRIR T ICEHE s fo4r
ER TR (Rhodococcus) Fil /)N Fi 48 T (Micromonospora)
HREFRFAE T RhUERES, £ DL A
T ] R O R A5 1) BE 25 T S 2F B AT T (Bacillus
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dentigerumycin E (9, % )Y, ik &8, 577
A 32T R B9 4 T (mycolic-acid-containing
bacteria, MACB)I:155%, BEIS IS Z PR
R BRI R R, H TR ORI 2
12 PR B P24 3 33 A5 Eras iR =

Secondary metabolites obtained by microbial co-culture

Co-culture system Microorganisms in co-culture

Compounds obtained by microbial co-culture References

Fungal communities Eutypa lata/Botryosphaeria obtusa

Bacterial communities  Streptomyces sp./Tsukamurella pulmonis

Rhodococcus/Micromonospora
Streptomyces sp./Bacillus sp.

Bacterial-fungal
communities

Pestalotia sp./Thalassospira sp.

Libertella sp./Thalassospira sp.

1-4 [21]
57 [22]
8 [23]
9 [24]
10-11 [26]
12-15 [27]
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Figure 2  Structures of some secondary metabolites (SMs) obtained by the microbial co-culture strategy.
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Table 2 Types of secondary metabolites obtained by microbial co-culture

Types of secondar; . . .
yp Y Microorganisms in co-culture

Induced metabolites References

metabolites

Polyketides Aspergillus nidulans/Streptomyces hygroscopicus 16—-19 [28]
Bionectria ochroleucal/Trichophyton rubrum 20 [14]
Aspergillus fumigates/Streptomyces rapamycinicus 21-22 [6]

Non-ribosomal peptides  Fusarium tricinctum/Fusarium begoniae 23-24 [30]
Aspergillus fumigates/Bacillus amyloliquefaciens GA40 25-27 [31]
Aspergillus fumigates/Streptomyces bullii 28 [3]

Others Streptomyces cinnabarinus PK209/Alteromonas sp. KNS-16 29 [3]
Paraconiothyrium SSMO001/Alternaria 30 [3]
Aspergillus fumigatus MBC-F1-10/Streptomyces bullii 31 [3]
Paraconiothyrium variabile/Fusarium oxysporum 32 [3]
Propionibacterium freudenreichii ITGP14/ITGP17 and ITGP23 33 [3]
Rhodococcus fascians/Streptomyces padanus 34-35 [3]
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Figure 3 Structures of the different types of compounds obtained by activating the cryptic gene clusters
through the microbial co-culture strategy.
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Figure 4 Putative molecular mechanisms of activating the cryptic gene clusters through the microbial
co-culture strategy. A: activation of the cryptic gene clusters through the direct physical contact of different
microorganisms in the environment; B: activation of the cryptic gene clusters caused by nutritional
deficiency through competition of different microorganisms in the same niche; C: activation of the cryptic
gene clusters through signal transduction of different microorganisms in the environment.
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