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ABSTRACT 
Plants are able to synthesize small amounts of an enormous variety of compounds known as secondary metabolites which have an important role in plant survival. However, the production of these compounds is often low and their biosynthesis greatly depends on plant genetic constitution because the expression of specific genes involved in their biosynthesis is restricted to specific states of plant development or periods of stress of different nature.

These compounds have captured the attention of the general public, since most of them have biological or pharmacological activity with beneficial effects on human health, and therefore they are considered as bioactive compounds.

Traditionally, these bioactive compounds have been directly extracted from plant raw material or by chemical synthesis but these processes have some inconveniences. In the first case, the most important problems are associated with seasonal nature of cultivated plants, heterogeneity of extracts, and in some cases, the risk of plant extinction. In the case of chemical synthesis, the stereo-specificity, the strict conditions of the reactions and high costs represent the main difficulties in the production of these bioactive compounds. 

For these reasons we have developed biotechnological strategies for their production based on the use of plant in vitro cultures, since these cultures constitutes a promising alternative to the use of field crops, especially when the production of bioactive compounds is difficult or unprofitable, or when it involves serious damage to the environment. Amongst the different strategies highlight the use of elicitors alone or combined with magnetic nanoparticles, and plant metabolic engineering combined with elicitation. By describing some examples where we have used these tools, we will show how we have moved forward and made new discoveries based on the potential that plant cells have. 
Key words: bioactive compounds, coronatine, cyclodextrins, elicitation, methyl jasmonate, plant cell cultures.

INTRODUCTION
An important aspect of plants is their ability to synthesize small amounts of an enormous variety of compounds known as secondary metabolites. The function of these secondary metabolites may seem irrelevant, but the truth is that plants devote a great deal of energy and carbon source into their synthesis and have remained in the plant kingdom to the present day. This is because these compounds have an important role in the survival of plants, being some of their functions molecular signals within the plant, between the plant that produces them and other plants, microorganisms, herbivores, pollinating insects and they also represent the chemical arsenal for the defence of predators or are used to enter into competition with other plants, or even to protect plants against UV light or other physical stresses. However, the production of these compounds is often low (less than 1% dry weight) and their biosynthesis greatly depends on plant genetic constitution. Thus, the expression of specific genes involved in their biosynthesis is usually restricted to specific states of plant development, to specialized cells or periods of stress of different nature (Rao and Ravishankar, 2002).

These compounds have captured the attention of the general public, because most of them have biological or pharmacological activity with beneficial effects on human health, and therefore, they are considered as bioactive compounds.

Traditionally, these bioactive compounds have been directly extracted from plant raw material, plant by-products or obtained by chemical synthesis but these processes have some inconveniences. In the first case, the most important problems are associated to the seasonal nature of cultivated plants, the heterogeneity of extracts, and in some cases, the risk of plant extinction. In the case of chemical synthesis, the stereo-specificity, the strict conditions of the reactions and high costs represent the main difficulties in the production of these bioactive compounds. 

For these reasons a biotechnological alternative for their production consists in the use of plant in vitro cultures, since these cultures constitutes a promising alternative to the use of field crops, especially when the production of bioactive compounds is difficult or unprofitable, or when it involves serious damage to the environment. Thus, using plant in vitro cultures, secondary metabolites can be produced under aseptic, controlled and reproducible conditions, independently of geographical and climatic factors. In addition, the whole production process can be integrated into the same physical space, it is subject to control and adjusts to the demand, and at the same time, it improves the consumer acceptance because the extraction process is environmental friendly. Also, it offers a higher specificity in biological transformations than in the chemical synthesis, and a defined production system, which ensures the continuous supply of these compounds, and uniformity in quality and yield. 

On the other hand, plant in vitro cultures can be cultivated, under sterile conditions, in liquid or on solid culture media, and they can be maintained in an undifferentiated/differentiated state, showing unlimited growth. This is especially due to the presence of plant growth regulators in the culture medium which at low doses, maintain the growth of in vitro cultures. 

In the case of cell cultures, any part of the plant which contains undifferentiated cells can be used to initiate the culture. Usually, a cell culture begins with callus induction from explants selected from organs or tissues which produce a high concentration of the target secondary metabolites. Amongst the different strategies, which have been described in order to enhance their production, highlight the use of different biotic and abiotic elicitors alone or combined with magnetic nanoparticles (nanocomposites), and plant metabolic engineering followed by elicitation. By describing some examples where these tools have been used, in this work, new discoveries based on the potential that plant in vitro cultures have, will be described. In addition, one of the most important aspects to increase plant biomass, especially from buds or cell cultures, will be discussed in depth.

Techniques for generating of plant biomass

Plants in vitro can be obtained by micropropagation from explants which contain apical or axillary buds obtaining a clone of plants, or by in vitro germination, in where in vitro plants with a different degree of genetic traits are obtained. 

In the case of obtaining cell biomass, the initiation of a cell culture usually begins with callus induction from explants selected from organs or tissues, which produce a high concentration of the target secondary metabolites. The optimization of the callus induction medium involves the right choice of all its components, and a suitable combination of plant growth regulators which determine the undifferentiated cell stage of the culture. In these conditions, after several subcultures, the cell line can remain stable and be maintained for decades. 

Callus cultures are often used to obtain cell suspension cultures which grow faster than callus cultures, and thereby are considered the most suitable cell systems to carry out elicitation studies. 

Elicitation as strategy to increase the production of compounds related with plant defence.

The close relationship between plant secondary metabolism and defence responses is widely recognized. Plants not only respond to attack of pathogens but also to the presence of small molecules of different nature, called elicitors that trigger the same response in plants as the pathogens. When elicitors are introduced in a living system, in small concentrations, they are capable of re-directing the metabolism, inducing the biosynthesis of particular secondary metabolite. Therefore, elicitors are useful compounds to improve the production of valuable secondary metabolites (Radman et al. 2003). 

In general, elicitors are classified on the basis of their origin and molecular structure. Biotic elicitors are derived from pathogens or plants, and they can have a defined composition, when their molecular structures are known, or have a complex composition when they comprise several different compounds, making impossible to define a unique chemical identity. On the other hand, abiotic elicitors can be classified in physical and chemicals factors.

The use of mulberry in vitro plants for the production of secondary metabolites through the use of elicitation is a good example of the application of this methodology. Mulberry plants have a very interesting potential value for human health due to the presence of a large number of bioactive compounds of phenolic nature, mainly flavonoids and stilbenoids, which have antioxidant and anti-inflammatory effects and so, the main applications of mulberry extracts are related to the prevention and treatment of cancer, obesity, diabetes, and liver and cardiovascular diseases (Huang et al., 2013; Chan et al., 2016). Elicitation experiments were carried out to evaluate the effect of elicitors on phenolic compound accumulation. For this, mulberry in vitro plants were separated from the culture medium, and the spent medium was used for quantifying the phenolic compounds content by the Folin-Ciocalteau method, expressing data as mg gallic acid equivalent/L. 

Case study: The production of trans-resveratrol in elicited grape cell cultures: patents WO2003062406A1 and WO2009106662A1

This first invention arose from the research conducted many years ago as a result of our first Spanish National project (Estudio de las características de los mecanismos de defensa de la vid frente a patógenos. CICYT AGR89-0296), which was focused on finding an elicitor, capable of inducing defence reactions in grapevine against fungal infections. At that time, the establishment of different in vitro grapevine cultures (both plants and cell cultures), which showed different degrees of sensitivity/resistance to fungal attacks, was performed for the first time. After different tests with abiotic elicitors, such as UV light or biotic elicitors, it was found that a secretion product of the fungus Trichoderma viride, was able to induce a battery of defence reactions which characterize the hypersensitive response of plants against pathogens (Calderón et al. 1993). Among them, highlighted plasmolitic responses, browning, and the synthesis of trans-resveratrol and viniferins, which are the grapevine phytoalexins formed by the coupling of trans-resveratrol units. In fact, trans-resveratrol is a phenolic compound of low molecular weight found in small amounts in lignified tissues but its biosynthesis increases in non-lignified tissues when grapevine plants are exposed to biotic and abiotic elicitors, so this molecule was really involved in defence responses.

At that time, trans-resveratrol began to be one of the molecules more thoroughly studied since of its potent benefits for human health because multiple lines of compelling evidence indicated its beneficial effects on neurological and cardiovascular systems but the most striking biological activity was its antitumor activity since this molecule has been seen to prevent carcinogenesis (Nivelle et al. 2017). In addition, data from research articles provided interesting insights into the effect of this compound on the lifespan of yeasts, worms and flies, suggesting that trans-resveratrol could be regarded as a potential antiaging agent in treating age-related human diseases (Marchal et al. 2013). Also, effects described in mice subjected to a high-calorie diet pointed to new approaches for treating not only age-related diseases but also obesity-related disorders (Fernández-Mar et al. 2012 and references therein).

Due to the high value of this compound, there was a high demand of its production, and great effort was made to produce it in high amounts. For these reasons, new elicitors, which acted on in vitro cultures, were searched for and new grape cell cultures were established from immature grape fruits and maintained to the present day. So we started to carry out the first experiments with cyclodextrins, compounds of oligosaccharide nature, which had been usually used for the solubilisation of apolar substrates in aqueous media, so we intended to continuously provide trans-resveratrol (included in the internal cavity of cyclodextrins) to grape cell cultures, in order to protect them from bacterial infections. Thus, a new research line started by observing the effect of cyclodextrins on the metabolism of trans-resveratrol in grape cell suspensions inoculated with the bacteria Xylophilus ampelinus (now called Xanthomonas campestris) (Morales et al. 1998). Unexpectedly, control cell suspensions treated with cyclodextrins not containing in their cavity trans-resveratrol, secreted a significant amount of trans-resveratrol in the culture medium, suggesting that cyclodextrins themselves were acting as elicitors independently of the presence of the bacteria. Indeed, trans-resveratrol had accumulated in large amounts in the culture medium. This new discovery led into the effect of cyclodextrins on grape cells, confirming their role as elicitors which triggered a defence response led by the synthesis of trans-resveratrol (Morales et al. 1998). In fact, cyclodextrins resembled chemically to the pectic oligosaccharides released from the cell walls when a fungal attack is produced, and therefore, they shared, like other elicitors, the ability to induce the cascade of cellular events, that in this case, gave rise to trans-resveratrol biosynthesis.

On the other hand, the amount of trans-resveratrol accumulated in the culture medium (around 1000 mg/L) highly exceeded the solubility limit of this compound in aqueous medium (48 mg/L). This result highlighted, for the first time, the advantage of using cyclodextrins because they could accommodate in their central cavity non-polar compounds forming inclusion complexes with them (Bru et al. 2006). Also, trans-resveratrol secreted by cells was caught immediately by cyclodextrins, allowing it to be accumulated in high concentrations, by a process known as "in situ product removal", process which is highly desirable because the cell growth was not affected by the high concentrations of trans-resveratrol accumulated in the culture medium, remaining cells alive throughout the experiment.

This innovative procedure differs from those that use other elicitors not only in the high levels of trans-resveratrol produced but also in the extraction process of this compound. Thus, in traditional elicitation methods, trans-resveratrol extraction is carried out from elicited cells obtaining low yields since the process depends on the generation of cell biomass, whereas with this new procedure, as trans-resveratrol is produced by cells, it is secreted and easily recovered directly from the spent media without biomass destruction. In addition, the high levels of trans-resveratrol accumulated in the spent media had no toxic effect on the cells allowing successful subcultures as it could be seen when cell viability was assessed by fluorescein diacetate (Belchí-Navarro et al. 2012). 

This innovative elicitation procedure is mainly based on cyclodextrins characteristics; they have a hydrophilic external surface and a hydrophobic central cavity that can trap apolar compounds, including trans-resveratrol. This hydrophobic cavity forms inclusion complexes, being in the case of (-cyclodextrins with trans-resveratrol of 1:1 type, altering its physicochemical behaviour and making it highly water-soluble compound. However, despite the high concentration of trans-resveratrol obtained, many empty cyclodextrins had, so other elicitors in combination with cyclodextrins were used. Of all the elicitors tested in combination with cyclodextrins, one compound isolated from jasmine, methyl jasmonate, which act as a regulatory signal of the expression of genes related with defence, caused a dramatic effect (Lijavetzky et al. 2008; WO2009106662A1).

In this way, when grape cells were elicited in the presence of methyl jasmonate, surprisingly, no significant amounts of trans-resveratrol were detected in the spent medium since methyl jasmonate-treated cells displayed identical values of trans-resveratrol as those of untreated control cells along the whole assay. However, when grape cells were simultaneously elicited with cyclodextrins and methyl jasmonate, the accumulation of trans-resveratrol increased exponentially reaching a final concentration (around 1600 µmol/gDW) which was one order of magnitude higher than the final concentration obtained in cyclodextrin-treated cells. These results indicated that the joint action of cyclodextrins and methyl jasmonate provoked a synergistic effect on the production of trans-resveratrol because its production in the presence of methyl jasmonate was very low. This synergistic effect was also observed in the expression of genes encoding enzymes involved in the biosynthetic pathway of trans-resveratrol in grape cell cultures (Lijavetzky et al. 2008).

As the final goal of this research was to find the best operating conditions to achieve high trans-resveratrol levels, some factors, such as the effect of aeration, the impact of the continuous elicitation cycles and scaling-up that could affect the production of trans-resveratrol in grape cell cultures were also analysed. The most relevant results were the optimization in the use of grape cell biomass since it was possible to reuse it, by re-eliciting the same cell biomass during eight cycles of 96 h each. Therefore, grape cells elicited with cyclodextrins and methyl jasmonate produced trans-resveratrol during eight continuous elicitation cycles, so cells could continuously work producing high amounts of trans-resveratrol during 32 days. In addition, the scaling-up from flasks to commercial bioreactors of 20 L of capacity was performed, and it was designed and built air lift bioreactors in where grape cells were grown properly at the same time that they were produced high amounts of trans-resveratrol under elicitation (Vera-Urbina et al. 2011).
Deepening in this case study, a rational approach was carried out analysing the global transcriptomic profiles in grape cell cultures elicited with cyclodextrins and methyl jasmonate using the GrapeGen microarrays from Affymetrix (Almagro et al. 2014). The results obtained from the Venn diagrams described that the most transcripts regulated in the presence of cyclodextrins or methyl jasmonate separately were similarly regulated in the combined treatment. In addition, a high proportion of transcripts were exclusively regulated by the joint action of both elicitors. In fact, from the heat map is observed that elicitation with cyclodextrins alone or in combination with methyl jasmonate strongly increased the expression of genes which were up-stream of the phenylpropanoid biosynthetic pathway (such as shikimate kinase, chorismate synthase, and mutase), and the specific route in which several stilbene synthases, which were responsible for the formation of trans-resveratrol, were over-expressed (Almagro et al. 2014).

With this information, the next step was the realization of genetic transformation of grape cells which over-expressing stilbene synthases. From all the stilbene synthases which were over-expressed in the presence of elicitors, that stilbene synthase which showed a high expression in the presence of cyclodextrins alone or in combination with methyl jasmonate, was specifically chosen, and this was used to transform grape cell cultures by using the Agrobacterium method (Chu et al. 2016). For this, Agrobacterium tumefaciens containing the plasmid pMOG800 with the nptII gene for selecting antibiotics, and the eyfp gene as a visual marker was used to establish the transformation protocol. Between these two genes, an expression cassette with the stilbene synthase cDNA was cloned, in two different orientations 35S promotor-stilbene synthase-Nos terminator from right to left border and the other way around. Twenty-one independent transgenic cell lines from the two different orientations were evaluated (Chu et al. 2017). The results showed the overexpression of stilbene synthase gene in four transgenic cell lines, using the first orientation, which were able to provoke a large increase of the extracellular production of trans-resveratrol in comparison with the trans-resveratrol produced in non-transgenic cell lines elicited in the presence of cyclodextrins and methyl jasmonate. 

Despite the high production of trans-resveratrol obtained in grapevine cell cultures elicited with cyclodextrins and methyl jasmonate, it was necessary to find new techniques to reuse cyclodextrins due to their high cost in the market. In this sense, a new method to recover cyclodextrins by designing nanosorbents, which have been formed using magnetic nanoparticles functionalized with cyclodextrins to obtain cyclodextrin/Fe3O4 nanocomposites, was developed. 

Currently, magnetic nanoparticles have been used for their special magnetic characteristics in relevant biological processes, including magnetic separation and detection of biological entities (cells, proteins, nucleic acids, enzymes, etc.), clinic diagnosis and therapy, targeted drug delivery and biological labels. However, it is crucial to choose the right materials for the construction of nanostructures and devices with adjustable physical and chemical properties. 

In this work, carboxymethyl- and hydroxypropyl-β-cyclodextrins were capped with magnetic nanoparticles, and used as adsorbents for selective removal of trans-resveratrol in grapevine cell cultures. For that, different concentrations of cyclodextrin/Fe3O4 nanocomposites combined with methyl jasmonate were added to grapevine cell cultures. After elicitation, cyclodextrin/Fe3O4 nanocomposites were recovered with a magnet, and they were treated with ethyl acetate in order to collect trans-resveratrol in the organic solvent. Finally, the concentration of trans-resveratrol was quantified in a HPLC-DAD. 

Before the elicitation experiments, the size and morphology of magnetic nanoparticles functionalized with cyclodextrins were characterized by transmission electron microscopy. Carboxymethyl- and hydroxypropyl-β-cyclodextrin polymer-modified Fe3O4 nanoparticles showed a similar morphology and an average particle size of 270 and 250 nm, respectively. The production of extracellular trans-resveratrol increased as the concentration of carboxymethyl-β-cyclodextrin/Fe3O4 nanocomposites increased in the culture medium, reaching its maximal levels in the presence of 100 µM methyl jasmonate and 15 g/L of nanocomposites (352.22 mg/L) whereas the production of trans-resveratrol with carboxymethyl-β-cyclodextrins and methyl jasmonate without Fe3O4 was very low. In addition, viability considerably decreased after 120 h elicitation in all treatments used in comparison with control treatments. In a similar way, an increased production of trans-resveratrol was observed as the concentration of hydroxypropyl-β-cyclodextrins alone or with Fe3O4 increased in the culture medium. In addition, maximum levels of trans-resveratrol were detected in the presence of 100 µM methyl jasmonate and 15g/L of nanocomposites both in the presence (404.55 mg/L) and absence (390.54 mg/L) of Fe3O4. 

The time course of trans-resveratrol production in grapevine cell cultures treated with 100 µM methyl jasmonate and 15 g/L of hydroxypropyl-β-cyclodextrins/Fe3O4 was carried out until 312 h of elicitation. No trans-resveratrol was detected in control treatments, and low amounts of trans-resveratrol were found at 24 h of treatment (95.33 mg/L). The maximal production was found at 168 h of elicitation (595.96 mg/L), and then it decreased and remained constant until the end of the experiment.

Finally, the possible reuse of the hydroxypropyl-β-cyclodextrin/Fe3O4 nanocomposites was analysed during three elicitation cycles (168 h each). The results indicated that these nanoparticles can be used at least twice (an average of trans-resveratrol production, 487 mg/L) since in the third cycle of elicitation, the production decreased considerably (160 mg/L).

Case study: The production of phytosterols in elicited cell cultures: patent WO2010049563A1

It is well-known the beneficial effects of carrots on the human health, especially by the presence of some carotenoids and vitamins which have a potent antioxidant activity. In addition, carrots and all vegetables and fruits contain small amounts of phytosterols whose primary function in plants is to maintain the permeability and fluidity of all plant cell membranes. 

As humans are unable to synthesize phytosterols, they have to take them in their diets from fruits and vegetables, and novel foods enriched in phytosterols have been introduced in the market with the aim of reducing blood cholesterol levels. For this reason, food companies are interested in producing novel fruit drinks enriched in natural phytosterols. 

The production of these isoprenoid compounds from plant raw material is very low, only 0.5 mg of phytosterol is obtained from 5 kilograms of fruit. For this reason, cyclodextrins were used for enhancing the production of these compounds using carrot cell cultures. The results showed that cyclodextrins were able to increase up to 16 times the production of phytosterols, reaching a productivity of 13 mg/L.day (Sabater-Jara and Pedreño, 2013; Use of cyclodextrins for the production and extraction of phytosterols in cell cultures, WO2010049563A1). 

On the other hand, carrot cell biomass was easily achieved because the growth cycles were performed in weeks (4 weeks in solid medium and 1.3 in liquid medium), obtaining a production of about 700 and 400 of grams of non-elicited and elicited cells, respectively.

In addition to this, the extraction and purification of phytosterols was easily to carry out (Sabater-Jara and Pedreño, 2013). In fact, after elicitation, once cells were separated from the elicited culture medium, phytosterols and other compounds were extracted using organic solvents, and the dry extract was then purified obtaining these compounds with more than 92 percent purity. The four kinds of natural phytosterols (campesterol, stigmasterol, sitosterol and fucosterol) were identified by GC-MS and their proportions were maintained during the scaling-up. In addition, an important proportion of carotenoids (lutein, (-carotene and lycopene) were obtained (Miras-Moreno et al. 2016).

Case study: The production of glucosinolates in elicited broccoli cell cultures: patent ES 2694706 A1
Broccoli (Brassica oleracea L. var. italica) is a popular vegetable whose consumption has increased worldwide due to its high nutritive value. Broccoli has a wide range of benefits for human health because it is a good source of high-value natural compounds, mainly due to the presence of phenolic compounds and glucosinolates because they have antioxidant activity (Sanchez-Pujante et al. 2017). Glucosinolates are secondary metabolites that mainly belong to the Brassicaceae family. Their chemical structure is formed by β-thioglycoside N-hydroxysulfates bound to a sulfur β-Dglucopyranose, and they differ in the side chain derived from amino acids. These glucosinolates are classified into three different groups: aromatic, aliphatic, or indole glucosinolates. Glucosinolates are precursors of isothiocyanates, which are formed by the action of myrosinase, which is released when the plant is injured, and they have been suggested to have antitumoral and antioxidant activities.

The formation of the core glucosinolate structure is initiated through the conversion of elongated amino acids to aldoximes by the action of cytochrome P450 monooxygenases (CYP79) (Sanchez-Pujante et al. 2018). Aldoximes are oxidized by CYP83 to form aci-nitro compounds, and subsequently they are transformed into S-alkyl-thiohydroximate and thiohydroximate by the action of phi and tau glutathione S-transferases (GSTF and GSTU) and carbon–sulfur lyase (SUR1). This thiohydroximate undergoes two subsequent enzymatic reactions in order to form glucosinolate structure by uridine diphosphate glycosyltransferase (UGT74) and sulfotransferases (ST5a). In the case of indolic glucosinolates, CYP81F has been identified as the gene that encodes the enzymes involved in the oxidation of indolyl-3-methyl glucosinolate (glucobrassicin) to form 4-hydroxyindol-3-ylmethyl glucosinolate (hydroxyglucobrassicin), 4-methoxyindol-3-ylmethyl glucosinolate (methoxyglucobrassicin), and 1-methoxyindol-3-ylmethyl glucosinolate (neoglucobrassicin). In addition, it is known that Myb34, Myb51, and Myb122 genes play a key role in the transcriptional regulation of indole glucosinolates. 

In this work, the effect of different elicitors on the glucosinolate production, as well as the expression profile of some genes related to their biosynthetic pathway, including Myb genes involved in their transcriptional regulation in broccoli cell cultures were analysed (Sanchez-Pujante et al. 2018). For this, seeds of B. oleracea L. var. italica were germinated in vitro, and broccoli calli were obtained from hypocotyl derived from 20-day old in vitro plants. Finally, broccoli cell cultures were initiated from friable callus and they were maintained in a rotary shaker at 110 rpm, and were routinely subcultivated. Elicitation experiments were performed using 7 or 13-day-old broccoli cell cultures using a high cell density (200 g of FW/L). Treatments were carried out by adding cyclodextrins, methyl jasmonate, NaCl, or coronatine (a toxin produced by the phytopathogenic bacterium Pseudomonas syringae, which acts as an analogue of jasmonate derivatives) separately or in combination to the culture medium, and leaving it for 168 h. The results showed that the highest levels of glucosinolates were observed when broccoli cell cultures were treated individually with 0.5 μM Cor or 100 μM methyl jasmonate for 168 h, increasing 3.7- and 2.8-fold, respectively, over the levels found in control broccoli cell cultures. Then, the effect of coronatine on both glucosinolate production and expression profile of genes related to their biosynthesis was analyzed at different times of elicitation. The total glucosinolate content increased at all elicitation times tested in the presence of coronatine, obtaining the maximal levels at 72 h of elicitation. In addition, coronatine induced the expression of all genes analyzed in this study. Thus, the expressions of Cyp79b2 and Cyp83b1 genes, which control the first steps of the indole glucosinolate biosynthetic pathway, and St5a, a sulphotransferase involved in glucobrassicin biosynthesis, were clearly raised by the action of coronatine at 6 h of elicitation (274-, 161-, and 613-fold increase compared with control broccoli cell cultures, respectively), and then, the transcript levels decreased until 72 h of treatment. However, the highest expression levels of Gstf 9 gene, encoding one of the glutathione S-transferases that takes part in the biosynthesis of 1-aci-nitro-2-indolyl ethane, were found after 72 h of treatment with coronatine, being its level 65 times higher than in control broccoli cell cultures (Sanchez-Pujante et al. 2018).

On the other hand, the expression profile of Myb51, Myb122, and Myb34 transcription factors in broccoli cell cultures treated with coronatine at different elicitation times was analysed. Maximal levels of Myb51 and Myb122 transcripts were found after 6 h of treatment, when they were 16- and 460-fold higher than in control broccoli cell cultures. By contrast, Myb34 transcription levels increased exponentially, the highest levels being detected at 72 h of cultivation (>320-fold increase over control cells). All these results suggested that both glucosinolate biosynthesis and genes and transcription factors were markedly up-regulated by coronatine, triggering a higher biosynthesis of indole glucosinolates (Sanchez-Pujante et al. 2018). 

Finally, this technology based on elicitation also works very well with other plant cell cultures obtained from pepper (Sabater-Jara et al. 2010) and tomato (Briceño et al. 2012) fruits, from segment nodals of woody plants as rose, obtaining even other interesting compounds such as solavetivone, taraxasterol or vanillin, respectively that are not present in the donor plants. Also using cyclodextrin technology, the production of punicalagins and related compounds was considerably increased in cell cultures derived from pomegranate fruits. These bioactive compounds have high antioxidant activity and could also be used in cosmetics for their skin whitening effect. Other studies have been performed in order to increase the production of indole alkaloids (Almagro et al. 2014), ginkgolides and bilobalides, vitamin E (alpha-tocopherol) using Catharanthus roseus, Ginkgo biloba and Linum usitatissimum cell cultures (Almagro et al. 2016), respectively.
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