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Natural products have been an important historical source of therapeutic agents. Microorganisms are 
major source of bioactive natural products, and several microbial products including antibiotics, anti-
inflammatory, anti-tumour, immunosuppressants and others are currently used as therapeutic agents 
for human and domestic animals. Most of these products were obtained from cultured environmental 
microorganisms. However, it is widely accepted that a very large majority of the microorganisms 
present in natural environments are not readily cultured under laboratory conditions, and therefore are 
not accessible for drug discovery. Metagenomics is a recent culture-independent approach that has 
been developed to access the collective genomes of natural bacterial populations. It enables discovery 
of the diverse biosynthetic pathways encoded by diverse microbial assemblages that are known to be 
present in the environment but not-yet cultured. Recently, several new bioactive molecules and 
proteins have been discovered using a metagenomic approach. This review highlights the recent 
methodologies, limitations, and applications of metagenomics for the discovery of new drugs. 
Moreover, it shows how a multidisciplinary approach combining metagenomics with other technologies 
can expedite and revolutionize drug discovery from diverse environmental microorganisms. 
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INTRODUCTION 
 
The advent of high throughput screening (HTS) and the 
availability of combinatorial compound libraries has led to 
a decline in the emphasis on natural products by the 
major pharmaceutical companies over the past decade 
(Rouhi, 2003; Gullo et al., 2005). Some companies termi-
nated their natural products screening program despite 
the unproven success of the new technologies, but this 
was a premature decision. The perceived failure of com-
binatorial chemistry was primarily due to unrealistic 
expectations (Ortholand and Ganesan, 2004; Baltz, 
2007). The promised avalanche of new drugs from high-
throughput technologies such as combinatorial chemistry 
is yet to materialize and very few drug leads have 
reached the market using this new technology. For these 
reasons  and  others,  the interest in natural products has 
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been rekindled and there has been a growing recognition 
of natural products that were abandoned prematurely in 
drug discovery (Ortholand and Ganesan, 2004; Baltz, 
2007).  

Natural products have proven to be a productive source 
of lead structures for the development of new therapeutic 
agents for human, plants and animals therapies. More 
than 60% of the total drugs currently in the market, and 
70% of antibiotics currently used are either natural pro-
ducts or derivatives of natural products. Furthermore, the 
drugs that were in clinical investigation in the period 
between 2001 and 2008 were mainly natural products or 
derivatives of natural products including 74% of all new 
chemical entities for cancer, 70% of anti-migraine drugs 
and 66% of anti-hypertensive agents (Koehn and Carter, 
2005; Li and Vederas, 2009; Singh and Macdonald, 
2010).  

Cultured microorganisms have been traditionally used 
as a recognized source  of  active  therapeutic  molecules
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Figure 1. Cultivation-dependent approaches for drug discovery from microbial natural 

products (Pelaez, 2006). 
 
 
 

with original chemical scaffolds. However, the originality 
of this biological resource has progressively dried up over 
the past decades, while the increasing request for novel 
active molecules arose from health care specialists to 
meet the unmet medical needs (Lefevre et al., 2008; 
Monier, et al., 2011). Metagenomics is a recent culture-
independent approach that has been developed to 
access the collective genomes of natural bacterial popu-
lations (Hirsch et al., 2010). Metagenomic approaches 
may be integrated into a suitable discovery platform, 
including high throughput assays targeting pathogenic 
bacteria and cancer cell lines (Van Lanen and Shen, 
2006; Singh and Macdonald, 2010). 

CULTIVATION-DEPENDENT APPROACHES FOR 
DRUG DISCOVERY 
 
Competition for survival among microbes and environ-
mental stress have driven the evolution of defense, attack 
and signaling diversity, resulting in chemical and biologi-
cal diversity and potential new drugs. Therefore, micro-
organisms isolated from the natural environment are an 
amazing resource of diverse drugs (Singh and 
Macdonald, 2010). The diversity of environmental micro-
organi-sms has been exploited for many years based on 
the cultivation and isolation of microbial species. Figure 1 
demonstrates the process of drug discovery from micro-  
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Figure 2. Chemical structures of lipoamides A–C (n = 3: 
lipoamide A; n = 4: lipoamide B and n = 5: lipoamide C). 

 

 
 

bial natural products using a cultivation-dependent appro-
ach (Pelaez, 2006). Several bioactive compounds and 
drugs were discovered using such approach. Wang et al. 
(2006) reported the discovery of plastencimycin, a Gram-
positive broad-spectrum antibiotic found after isolation of 
83,000 cultivable strains. The corresponding author of 
this review and others has recently reported the disco-
very of new antimicrobial small compounds from marine 
bacteria using a cultivation-dependent approach (Berrue 
et al., 2009). Marine bacteria isolated were screened 
from sediment samples collected in the Bahamas for anti-
microbial activity and identified a new Bacillus pumilus 
SP21 strain. A bioassay-guided fractionation of the cul-
ture supernatant led to isolation of three new active small 
compounds named lipoamides A–C (Figure 2). The 
antimicrobial activity of each compound was evaluated 
against a panel of pathogens, and showed a promising 
activity against several pathogens including methicillin-
resistant Staphylococcus aureus (MRSA), (Berrue et al., 
2009). The new compounds were purified from B. 
pumilus SP21 isolated from sediment samples collected 
in the Bahamas. Lipoamides A–C possesses an activity 
against several pathogens including MRSA (Berrue, et 
al., 2009). 

However, the number of strains that have been isolated 
till date is negligible compared to the estimated number 
of existing bacterial taxa, which are estimated at between 
10

7
 and 10

9
 (Schloss and Handelsman, 2004; Mocali and 

Benedetti; 2010). This situation has been explained 
through several molecular ecology studies, which have 
demonstrated that more than 99% of environmental 
bacteria are not readily cultivated with classically used 
culture methods. It has been estimated that less than 
0.3% of soil bacteria can be cultured in the laboratory 
using a single medium type, and this fraction reduces to 
0.00001% for water associated microorganisms (Amann 
et al. 1995; Oren, 2004; Abulencia et al., 2006; Schloss 
and Handelsman, 2004; Mocali and Benedetti; 2010). 
This huge reservoir of previously uncultured microorga-
nisms had remained unknown and untapped until the 
recent development and combination of molecular ecolo-
gy and molecular biology, which gave rise to a new 
approach called ‘‘metagenomics’’ (Gillespie et al., 2002; 
Rouhi, 2003, Schloss and Handelsman, 2004; Gullo et 
al., 2005; Hirsch et al., 2010; Monier et al., 2011). 
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METAGENOMICS VERSUS DRUG DISCOVERY  
 

Metagenomic was initially developed as a fundamental 
research technology for investigation of bacterial popula-
tion ecology. However, recent improvements and auto-
mation of the key steps in a metagenomic approach, 
including DNA extraction to functional and molecular 
screens have turned this innovative approach into a 
valuable discovery tool for the pharmaceutical industries 
(Banik and Brady, 2010; Fernandez-Arrojo et al., 2010). 
Drug discovery using a metagenomic approach begins 
with extraction of genomic DNA from environmental 
samples without the need for culturing. The DNA is then 
partially digested or fragmented, ligated into a suitable 
vector (e.g., fosmid or bacterial artificial chromosome 
(BAC)) and then transformed into a bacterial host (such 
as Escherichia coli or other) to generate a metagenomic 
library (Hirsch et al., 2010). These environmental DNA-
based methods do not rely on isolation and cultivation of 
single microorganisms and thus reduce the cultivation 
bias (Daniel, 2004). A metagenomic library can then be 
used to study the structural and functional diversity of a 
microbial assemblage by DNA sequencing or to search 
for new products based on sequence mining or functional 
expression (Figure 3), (Daniel, 2004; Singh and Macdo-
nald 2010; Mocali and Benedetti, 2010). Environmental 
DNA is extracted by direct or indirect lysis of cells from 
soil particles. Then, recovered DNA is purified, partially 
digested and ligated into the cloning vector which is 
introduced into a suitable host cell. The cloning library 
can be screened for specific functions or sequences 
(Mocali and Benedetti, 2010). 
 

 

Extraction of environmental DNA 
 

The initial extraction of genomic DNA from environmental 
samples is of fundamental importance if representative 
clone libraries and sequence information are to be 
obtained (Bertrand et al., 2005). High-quality DNA that 
has not been fragmented is needed since high-molecular 
weight DNA is desirable because biosynthetic gene 
clusters encoding antimicrobial and other compounds of 
industrial interest typically range from 30 to 100 kb (Singh 
and Macdonald, 2010). Two strategies are routinely used 
for metagenomic DNA extraction. The first involves direct 
in situ lysis of microbes from the environmental samples, 
using freezing and thawing or other lysis methods (Zhou 
et al., 1996; Lefevre et al., 2008). Although this method is 
rapid and efficient, it does not discriminate between 
genetic materials of bacterial, archaeal or eukaryotic 
origin (Roose-Amsaleg et al., 2001). This method, there-
fore, usually leads to metagenomic DNA libraries that 
contain a high proportion of unwanted sequences, and 
hence reduces the screening efficiency of these libraries. 
Moreover, humic acid, which is usually co-extracted in 
this direct lysis method, can cause inhibition of further 
DNA  manipulation  (Tsai  and  Olson,  1992;  Robe et al., 



15826        Afr. J. Biotechnol. 
 
 
 

 
 
Figure 3. General scheme of the metagenomic approach. 

 
 
 

2003; Cowan et al., 2005; Lefevre et al., 2008). Alterna-
tively, an indirect extraction method can be used in which 
bacterial cells are first separated from the environmental 
samples before lysis. This approach can overcome 
problems associated with the direct lysis approach such 
as the co-extraction of humic substances, interfering 
contaminant DNA and, hence, it increases the efficiency 
of subsequent screening (Robe et al., 2003; Singh and 
Macdonald, 2010). Other methods for environmental 
DNA extraction include whole-genome amplification 
(Bodelier et al., 2009) and multiple displacement amplifi-
cation (Abulencia et al., 2006 and 2008) that can be used 
in some circumstances when the DNA yield is very low. 
However, it remains clear that better extraction efficien-
cies need to be developed for the recovery of good-
quality DNA from difficult samples, such as high humic 
content soils or low nutrient environments (Yun et al., 
2004; Singh and Macdonald, 2010). 
 
 

Genetic diversity in metagenomic libraries 
 

Size fractionation of the metagenomic DNA  has  a  major 

 
 
 
 
influence on the screening throughput of metagenomic 
libraries. Thus, recovery of metagenomic DNA material of 
high quality and high molecular size is a key step for 
successful discovery of new metabolite pathways. These 
complete pathways are fundamental for the majority of 
metabolite pathways that require several genes for their 
functional expression. Nevertheless, the generation of 
large inserts also can lead to a decrease in the statistical 
population of clones to be tested (Lefevre et al., 2007 and 
2008). Metagenomic libraries of more than 150,000 
clones can be routinely obtained with standardized insert 
sizes ranging from 40 to 50 kb using fosmid vectors 
(Torsvik et al., 2002). Such libraries are considered as a 
partial representation of the actual genetic diversity of an 
environmental sample. Results from molecular ecology 
studies have demonstrated that the initial bacterial 
diversity contained in a soil sample, for instance, is very 
important that at least two million such clones would be 
necessary to statistically consider that all the initial 
genomes have been included in a metagenomic library 
(Ginolhac et al., 2004; Lefevre et al., 2008). However, the 
actual diversity of sequences obtained in a metagenomic 
library is much higher than that obtained using gene 
discovery technologies. For instance, bioinformatic 
analysis of 44 clones randomly chosen among 139 genes 
encoding polyketide synthase genes recovered from a 
soil-derived metagenomic library has shown that no clone 
has a similarity level higher than 67% with all the existing 
gene databases (Figure 4), (Pettit, 2004; Lefevre et al., 
2008). 
 
 

Selection of the environmental samples 
 

Bioactive compounds that can be discovered using a 
metagenomic approach directly depend on the 
microorganisms present in the environmental samples. 
Hence, it is important that the environmental samples 
used for metagenomics should be targeted from 
particular sites to increase the success rate (Wang et al., 
2006; Lefevre et al., 2008). For example, if the target is 
an anti-tumour drug, screening of metagenomes from 
marine systems should be targeted because terrestrial 
samples show a low anti-tumour potential (0.01%) 
compared to those from marine systems (1%) (Pettit, 
2004). Similarly, if a drug for detoxification is the target, 
samples with prior exposure to such toxicant might 
substantially increase the hit rate (Ginolhac et al., 2004; 
Singh, 2009). 

Several environments have been prospected through 
metagenomic approaches; including a recent study of the 
human digestive system (Borruel et al., 2002; Manichanh 
et al., 2006). This biological niche was very poorly stu-
died previously due to constraints related to the nature of 
this ecosystem, its difficult accessibility and the physiolo-
gical specificities of the intestinal microbiota, such as the 
obligatory anaerobia (Lefevre et al., 2008). However, it 
was shown using molecular approaches that primary 
deterioration  of  human fecal microbiota   composition  is 
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Figure 4. Phylogenetic tree created with sequences of the ketosynthase domain of 46 soil-derived 

metagenomic clones compared with public ketosynthase domains (in blue and red, metagenomic PKS 
(Ginolhac et al., 2004; Lefevre et al., 2008). 
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associated with Crohn’s disease (Manichanh et al., 
2006). Gut bacteria have been demonstrated to have a 
central role in the pathogenesis of Crohn’s disease and 
colon cancer (Martin et al., 2004), down regulation of 
production of tumor necrosis factor (TNF)-alpha (a major 
cytokines in the mucosal interface) (Borruel et al., 2002), 
while others may drastically increase the incidence of 
cancer (Chu et al., 2004), production of activators of 
protein kinase C, which is involved in the regulation of 
colonic mucosal proliferation (Vulevic et al., 2004). 
Therefore, natural interactions between microbes and 
cells in several specific environments like the human 
digestive system, skin and vaginal mucosa are 
particularly promising environments for identification of 
new bioactive molecules, using appropriate discovery 
technologies such as metagenomics (Lefevre et al., 
2008; Li et al., 2009). In addition, uncultured 
microorganisms that adapt to live in inhospitable 
environments such as deep sea hydrothermal vents, the 
Dead Sea, the Antarctic, alkaline lakes, and volcano soils 
are considered as a potential source of new chemical 
entities, and can be tapped using a metagenomic 
approach (Horikoshi, 1999; Kerkhof and Goodman; 2009; 
Horikoshi et al., 2011). 
 
 

Construction and expression of metagenomic 
libraries 
 

The vectors used in construction of metagenomic libra-
ries have significant impact on the efficiency of the 
libraries. Plasmid-based vectors are the first choice for 
small DNA fragments (0.5 to 5 kbp). However, to target 
entire functional operons or complete pathways, it is 
desirable to clone larger fragments (>35 kbp) in cosmid 
or fosmid (both 35 to 45 kbp) vectors or to use BAC 
vectors (typically 100 kbp). However, because cosmid 
libraries can be unstable in maintaining prokaryotic or 
eukaryotic inserts, fosmid vectors are sometimes prefer-
red (Daniel et al., 2004; Long et al., 2005; Bodelier et al., 
2009; Singh and Macdonald, 2010). Expression within a 
heterologous host is another important parameter affect-
ing the efficiency of the metagenomic libraries. E. coli is a 
convenient expression host because of the relative ease 
of transformation and genetic manipulations, and it is 
commonly used in industrial fermentations (Gillespie et 
al., 2002; Knietsch et al., 2003). Other hosts include 
Streptomyces spp., Pseudomonas spp. and Bacillus spp. 
(Martinez et al., 2004; Richard et al., 2004). Strepto-
myces spp. genomes synthesize a considerable amount 
of secondary metabolites and, thus, provide a surrogate 
organism capable of providing secondary metabolites 
precursors without the need for further genetic manipula-
tion. Hence, Streptomyces spp. are particularly suitable 
hosts for the detection of new secondary metabolites 
(Mocali and Benedetti, 2010). However, these alterna-
tives hosts are slow growing in comparison to E. coli, 
which  has  hampered  their  application  in   fermentation  

 
 
 
 
industries. Therefore, further improvements in expression 
vectors and expression in surrogate organisms need to 
be addressed on a priority basis to increase the hit rate 
for new products from the metagenomic libraries and 
natural product production at the industrial scale (Singh 
and Macdonald, 2010). 
 
 

Screening of metagenomic libraries 
 

For identification of clones in the metagenomic libraries 
that produce bioactive metabolites, both expression-
dependent (functional) and sequence-based (homology) 
screening strategies have been used (Kerkhof and 
Goodman, 2009; Banik and Brady, 2010; Monier et al., 
2011). In functional metagenomic studies, DNA libraries 
are screened in high-throughput assays designed to 
identify clones that have phenotypes traditionally associa-
ted with the production of small bioactive molecules, 
while in homology-based studies, libraries are probed to 
identify clones that contain conserved sequences tradi-
tionally associated with secondary metabolite biosynthe-
sis. Hits identified in these initial high-throughput assays 
are subsequently examined for the ability to confer the 
production of small molecules to model cultured hetero-
logous hosts (Van Lanen and Shen, 2006; Sing, 2009; 
Singh and Macdonald, 2010)  
 
 

Functional metagenomic library screening strategy 
 

Direct recombinant expression is the first choice for 
detecting bioactive secondary metabolites expressed in 
metagenomic libraries. Each recombinant E. coli clone is 
cultivated in 96-well or 384-well plates and tested for its 
ability to express an active metabolite compared to the 
non-transformed reference E. coli strain. High-throughput 
anti-infection assays can be run by spotting E. coli 
recombinant clones on a Bacillus spp.-seeded agar 
plates and appearance of the growth inhibition halo 
around the positive clones can be detected using auto-
mated image analysis of each plate (Figure 5) 
(Lamprecht et al., 2007; Lefevre et al., 2008). Other tests 
like anti-proliferative or anti-inflammatory bioassays can 
be achieved by preparing an extract from each E. coli 
recombinant clone. Then, each extract is tested using 
classical cell-based assays like cancer cell lines or 
inflammation reporter cell lines to test its potential activity 
versus reference compounds (Lamprecht et al., 2007; 
Lefevre et al., 2008). Using such approach, Gloux et al. 
(2007) were able to identify new compounds with modu-
latory activity toward a colon cancer cell line, from clones 
derived from a gut microbiome.  

A variety of new long-chain N-acylated amines (1), as 
well as a new isonitrile functionalized indole antibiotic (2), 
were identified by isolation of clone-specific metabolites 
produced by antibacterially active clones that were 
screened using top agar overlay assays (Figure 6), 
(Brady and Clardy, 2000 and 2005). Other small mole-
cule  antibiotics  have  also  been detected by  examining 
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Figure 5. Functional screening of metagenomic libraries for new active metabolites (Lamprecht et al., 2007; Lefevre et al., 
2008). 

 
 

 

pigmented DNA clones, as well as through the direct 
examination of culture broth extracts from randomly 
selected clones. Bioactive compounds identified from 
these types of studies include the antibacterially active 
pigments violacein, indigo (three) and the turbomycins 
(four), all recovered from soil libraries, as well as the 
known cyclic peptides patellamide D (five) and nocarda-
mine (six), isolated from marine sponge and soil libraries, 
respectively (Wang et al., 2000; Brady et al., 2000; 
MacNeil et al., 2001; Gillespie et al., 2002; Lim et al., 
2005; Long et al., 2005; Banik and Brady, 2010). 

Most functional metagenomic studies focused on small 
molecule discovery have been carried out in E. coli. 
However, it is unlikely that all of the biosynthetic diversity 
present in an environmental sample can be functionally 
accessed using a single heterologous host cell. A compu-
tational analysis of promoters and ribosomal binding sites 
of various sequenced bacteria has indicated that only 
40% of the enzymatic activities present within a typical 
metagenomic sample could be accessed using E. coli as 
a heterologous host (Gabor et al., 2004). Thus, vector–
host pairs that allow for the introduction and screening of  
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Figure 6. Representative natural products that were discovered using functional metagenomic library screening 

strategy. 1, N-acyltyrosine; 2, isocyanide functionalized indole; 3, indigo; 4, turbomycin A;  5, 
cyanobactinpatellamide D; 6, nocardamine and cyanobactin patellamide A (Banik and Brady, 2010). 

 

 
 

metagenomic libraries in diverse bacteria have the poten-
tial to expand the number and type of bioactive 
compounds that can be discovered from metagenomic 
analysis (Aakvik et al., 2009; Craig et al., 2009 and 
2010).  
 
 
Sequence-based metagenomic library screening 
 
Sequence-based strategies or sequence mining includes 
sequencing of inserts in the whole metagenomic library 
(or without prior cloning) to identify clones that contain 
conserved sequences traditionally associated with secon-
dary metabolite biosynthesis. It is advantageous in that, it 
does not rely on heterologous expression (Singh and 
Macdonald, 2010). Recent development of automated 
and high-throughput sequencing technologies and bio-
informatics have enabled sequencing of entire clone 
libraries in short time periods at reasonable cost (Wang 
et al., 2006). When the entire metagenome sequence is 
available, searches for particular functions or proteins 
can be targeted by analysis of the sequence data, and 
once putative homologous sequences are detected, 
exact sequence determination and expression of genes 
can be achieved by polymerase chain reaction (PCR) 
amplification and expression in suitable host cells (Gullo 
et al., 2005; Lefevre et al., 2007 and 2008; Singh and 

Macdonald, 2010). This approach has enhanced the dis-
covery of several novel products including antibiotics and 
other therapeutic agents via detection of open reading 
frames (ORF) with sequence homology to known func-
tions. For example several multigenic pathways respon-
sible for synthesis of the antibiotic violacein have been 
successfully isolated using this approach (Brady and 
Clardy, 2005; Yang et al., 2009). Piel (2002) reported 
recovery of the biosynthetic gene cluster for pederin (an 
anticancer agent originally isolated from the beetle 
Paederus fuscipes) from a beetle-derived metagenomic 
library, and was shown to originate from an uncultured 
symbiotic Pseudomonad. Since the pederin-like struc-
tures onnamide and psymberin (seven) (Figure 7), had 
also been isolated from marine sponge extracts, it was 
hypothesized that these molecules might originate from 
bacterial symbionts rather than the sponge (Piel, 2002; 
Fisch et al., 2009; Banik and Brady, 2010; Craig et al., 
2010). Zimmermann et al. (2009) recently reported the 
use of a recombinant O-methyltransferase, PedO, from 
the pederin biosynthetic gene cluster to site-specifically 
methylate mycalamide A, resulting in the production of a 
derivative (eight) that exhibits enhanced antitumor activity 
(Figure 7). Biosynthetic gene clusters for a number of 
patellamides, cytotoxic cyclic peptides originally isolated 
from sponge extracts (five and nine), were identified from 
a metagenomic library constructed from uncultured cyano-
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Figure 7. Natural product families that have been discovered using a sequence-based metagenomic library screening strategy. 7, 

Psymberin; 8, methylated mycalamide A; 10, glycopeptides; 11, patellamides; 12, microviridins. 

 
 
 
bacterial symbionts associated with marine Didemnidae 
sponges (Figure 6) (Schmidt et al., 2005). Recently, 
Banik and Brady (2008) screened a soil DNA cosmid 
library for clones containing genes associated with the 
biosynthesis of teicoplanin-and vancomycin-like glycol-
peptides antibiotic and were able to identify a new glycol-
peptide biosynthetic cluster that contains unique genes 
encoding three sulfotransferases. Using the teicoplanin 
aglycone as a substrate, seven new anionic glycopeptide 
congeners (10) were generated in vitro using the 
metagenomic DNA-derived sulfotransferases (Figure 7) 
(Banik and Brady, 2008 and 2010). The cyanobactin and 
microviridin precursor peptide diversity found in 
metagenomic studies is displayed on patellamide A and 
microviridin B, respectively (Banik and Brady, 2010). 

The Schmidt group recently reported the PCR 
amplification of 30 genes encoding novel patellamide-like 
precursor peptides from uncultured Prochloron spp. 
Symbionts living in consortia with marine sponges (11), 
(Figure 7) (Schmidt et al., 2009). In another PCR-based 
study, Ziemert et al. (2010) was able to identify 15 new 
variants of the gene that encodes for the precursor to the 
microviridin peptide (12), an important protease inhibitor, 

using DNA isolated from uncultured freshwater cyano-
bacteria of the genera Microcystis (Figure 7).  

Despite such success in some cases using direct 
sequencing of clone libraries, it remains costly because a 
large number of clones need to be screened. Current 
estimates suggest that millions of clones would be 
needed to access all of the genomes present within some 
environmental samples (Henne et al., 2000; Ginolhac et 
al., 2004). Furthermore, although this approach is not 
dependent on expression, it relies on the design of pro-
bes based on available databases derived from already 
known genes and, hence, it is unlikely to discover novel 
bioactive metabolites using such an approach (Singh and 
Macdonald, 2010; Banik and Brady, 2010). 
 
 

INTEGRATION OF METAGENOMICS WITH OTHER 
EMERGING TECHNOLOGIES 
 

Recently, Beloqui et al. (2009) presented a new sensitive 
metabolite array, called the “reactome array”. This 
approach reports the direct isolation of enzymes from 
environ-mental samples without the need for culturing or 
creating metagenomic   libraries.  Here,  the  substrate  is  
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Figure 8. The reactome strategy. The process initially involves three linked molecules: the enzyme substrate-metabolite, the 

quenched dye (Cy3) and the linker. 
 
 

 

linked with a dye and the degradation of a compound is 
recorded with concomitant release of the dye signal. The 
enzyme responsible for degradation is captured on 
nanoparticles coated with the cognate metabolite (Figure 
8). Potentially a metagenomic approach could be 
combined with a reactome array as a novel method to 
discover novel products. For example, where 
heterologous expression of gene is a problem but 
metagenomic sequence analysis suggests the presence 
of novel microbial products in a particular environmental 
sample, a reactome array could be used to directly 
capture that particular protein. Conver-sely, if a reactome 
array suggests the presence of a parti-cular protein in an 
environmental sample but the quantity of the product 
being an issue, protein sequencing can be done to 
discover the amino acid composition, which can be used 
to design PCR primers for amplification of the target gene 
for subsequent cloning and expression in a surrogate 
host (Beloqui et al., 2009; Mocali and Benedetti, 2010). 

The substrate-metabolite is linked to the quencher 
through a labile nitrogen bond and both are anchored to 
the Co(II)-containing poly(A) linker by hystidine tags. 
Enzymatic recognition of the substrate induces a reaction 
which causes a chemical change and rupture of the labile 
bond with the release of quenched dye. The consequent 
release of the reaction product exposes the active cobalt 
cation that ligates and immobilizes the enzyme on the 
glass support (array spot). The released dye is no longer 
quenched and gives a fluorescent signal (Beloqui et al., 
2009; Mocali and Benedetti, 2010).  

 
 
CONCLUSION AND FUTURE PROSPECTS 
 
The  huge  potential of metagenomics to access  environ- 

mental microbial diversity, the widest biodiversity on the 
entire planet, could be a great resource for natural pro-
ducts and drug discovery. Industrialization of this mature 
technology now offers great opportunities to pharmaceu-
tical companies to enable access to the untapped reser-
voir of secondary metabolites from previously uncultured 
bacteria and to converts this genetic diversity into new 
sources of bioactive molecules and novel chemical 
entities. Metagenomics also enables detection of new 
molecules from already known clusters of active com-
pounds, and production of the discovered compounds in 
well characterized heterologous hosts. Finally, a metage-
nomic strategy can provide an efficient tool for identifying 
and following new diseases markers among human 
microbiomes (Lefevre et al., 2007 and 2008). The disco-
very of bioactive small molecules using metagenomic 
methods will undoubtedly benefit greatly from future 
advances in sequencing technology that allow for the 
comprehensive sequencing of complex microbiomes, as 
well as from increasing our understanding of the expres-
sion barriers encountered by foreign DNA in model 
laboratory grown bacterial hosts. Although only a small 
number of compounds have been characterized to date 
using culture-independent methods, these initial studies 
indicate that as-yet-uncultured bacteria are likely to be 
rich sources of previously unstudied biologically active 
small molecules. 
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