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Historically, plants have represented an invaluable source of compounds with complex
structures and interesting pharmacological profiles. Plants’ bioactivity has been used to
alleviate and treat different types of diseases, and the success of these ancient therapies gave
birth to the so-called traditional medicines that have been used for thousands of years [1].
The development of the modern medicine has demonstrated even further how plants are
an extraordinary source of bioactive molecules that played and still play a fundamental
role in drug discovery, especially in the fight against cancer and infectious diseases [2,3].

From the discovery of penicillin through the treatment of tuberculosis with strepto-
mycin and until the end of the nineteen sixties, natural compounds experienced a real
golden age [4]. After a period of decline, where pharmaceutical industries have turned
their gaze elsewhere, recently, a new interest in natural products is being felt thanks to the
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2015 Nobel Prize in Medicine being awarded to Campbell and Omura for the discovery of
avermectins [5] and to Youyou Tu for the discovery of artemisinin [6].

Despite this revival in interest, in the last ten years, it has been seen that the number
of “new structurally unique compounds represent[s] a decreasing percentage of the total
number of compounds isolated from natural sources” [7]. Given the fact that new chemical
scaffolds are linked with new bioactivities, to support a possible second golden age, we
cannot use traditional methods, but we need to rethink our approach to better explore still
untouched areas of the plant kingdom that are retaining their “treasures”. In this way, we
need a new interdisciplinary approach where analytical chemistry and synthetic chemistry
work shoulder to shoulder with genome mining and synthetic biology (Figure 1).

The classical method based on the biological screening of the crude extracts is a labori-
ous process with several limitations, and it was good for easily accessible discoveries [8-12].
On the other hand, a direct identification of the compounds from crude extracts by using
analytical techniques could make the process more efficient, opening the door to less
accessible natural products [13]. In particular, the use of metabolomics could provide
accurate information on the metabolic composition of the extracts, enabling the simultane-
ous analysis of multiple metabolites in biological samples [14]. This approach favors the
identification of new molecules, speeding up their isolation [15]. The coupling of NMR
with high-resolution mass spectroscopy (HRMS) could provide fundamental indications on
the structure of the main components of the plant material [16], while the high sensitivity
of mass spectroscopy, coupled with databases with taxonomic information, improves the
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efficiency in the structure elucidation. Furthermore, the implementation of toolboxes such
as the “Global Natural Products Social” (GNPS) [17] could speed up the de-replication of
secondary metabolites savings time in their identification [18].

In parallel, synthetic chemistry, by using new biomimetic approaches [19,20], can
furnish a laboratory alternative to obtaining the target compounds. This will be important
for the complete characterization of their pharmacological profiles, and to explore their
chemical space through the synthesis of analogues obtained by pinpoint modifications [21].
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Despite its potentialities, synthetic chemistry suffers from several limitations just because
complex architectures cannot be obtained in a flask in reasonable yields. To overcome these
limitations, genome mining coupled with synthetic biology could help.
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Figure 1. New multidisciplinary approach for the discovery of new and unique natural products.

By changing the paradigm, the identification of new biogenetic pathways can lead the
identification of unknown secondary metabolites [8]. Genes responsible for the synthesis
of natural products are often grouped in gene clusters containing the complete genetic
information required for the biosynthesis. In this field, genome mining is a powerful
method to discover unknown biosynthetic pathways through the identification of the
related gene clusters, opening the door to the possibility to predict the chemical structures
of the bioactive natural products [22]. In parallel to genome mining, synthetic biology
can redesign organisms with the insertion of specific stretches of DNA generating new
biomolecular components, networks and pathway devoted to the synthesis of a promising
secondary metabolite in high yields [23].

In conclusion, we are certainly facing a second golden age for natural products whose
“treasures” are, however, better hidden. This requires a change in strategy with a greater
integration between different analytical, biological, and chemical techniques. Although
the challenge is certainly more probative, we have new and more powerful tools to be
successful: we believe that the scientific progress, supported by technological advances,
provides a solid basis for the discovery of new natural bioactive compounds.
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