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Biotransformation of viridin, an antifungal produced by biocontrol agent, with non-viridin producing microorganisms is studied. The results show that some environmental non-targeted microorganisms are able to reduce it in the known phytotoxin viridiol, and its 3-epimer. Consequently, this reduction, which happens in some cases by detoxification mechanism, could be disastrous for the plant in a biocontrol of plant disease. However, a process fermentation/biotransformation could be an efficient approach for the preparation of this phytotoxin.

Bioconversion of antifungal viridin to phytotoxin viridiol by environmental non-viridin producing microorganisms

Gilles-Alex Pakora 

Introduction

Biological control is a strategy of pests and disease management using another organism. It's particularly developed in the control of plant diseases. It provides an alternative to the use of chemicals and it receives a good public acceptance as a natural method. Microorganisms are biological control agent acting with different mechanisms, such as antibiosis, mycoparasitism, production of cell wall-degrading enzymes, competition for nutrients and/or space and induced resistance in plant [START_REF] Pal | Biological control of plant pathogens[END_REF][START_REF] O'brien | Biological control of plant diseases[END_REF]. Several mechanisms could be combined in the control disease, which is achieved to antagonize pathogens. Trichoderma species are used as biological control agent of several destructive plant pathogens and are commercialized as biological fungicide [START_REF] Verma | Antagonistic fungi, Trichoderma spp.: Panoply of biological control[END_REF].

Microbial secondary metabolites play a crucial role in the fight against plant diseases [START_REF] Liu | Fungal secondary metabolites in biological control of crop pests[END_REF].

Viridin [START_REF] Pal | Biological control of plant pathogens[END_REF], gliovirin and gliotoxin are the most known metabolites involved in the antibiosis.

Viridin [START_REF] Pal | Biological control of plant pathogens[END_REF], which first described in 1945 [START_REF] Brian | A highly fungistatic substance produced by Trichoderma viride[END_REF] is a steroidal antibiotic produced by Gliocladium and T. virens. Strains are used against damping-off of bean (Rhizoctonia solani) [START_REF] Dubey | Integration of soil application and seed treatment formulations of Trichoderma species for management of wet root rot of mungbean caused by Rhizoctonia solani[END_REF], of cucumber (R solani, Pythium ultimum, Meloidogyne incognita) [START_REF] Roberts | Biocontrol agents applied individually and in combination for suppression of soilborne diseases of cucumber[END_REF], cotton seedling disease [START_REF] Howell | Biological-control of Pythium damping-off of cotton with seed-coating preparations of Gliocladium virens[END_REF] and gray mold of chickpea (Botritis cinerea) [START_REF] Khan | Management of gray mold of chickpea, Botrytis cinerea with bacterial and fungal biopesticides using different modes of inoculation and application[END_REF]. We demonstrated that T. virens T7, a biocontrol agent of cocoa black pod diseases, produced gliovirin and viridin 1 [START_REF] Pakora | Inhibition of Phytophthora species, agents of cocoa black pod disease, by secondary metabolites of Trichoderma species[END_REF]. Gammaray induced mutants of Trichoderma with better antagonistic effect against phytopathogen than the wild-type have been generated. They showed a greatly increasing production of secondary metabolites as viridin [START_REF] Haggag | Enhancement of antifungal metabolite production from Gamma-ray induced mutants of some Trichoderma species for control onion white rot disease[END_REF].

Viridin (1) could be reduced to viridiol (2) (Fig. 1) by viridin-producing strains [START_REF] Jones | Conversion of viridin to viridiol by viridin-producing fungi[END_REF]. Viridiol

(2) is less active against phytopathogens but it is a phytotoxin [START_REF] Jones | Plant-growth response to the phytotoxin viridiol produced by the fungus Gliocladium virens[END_REF][START_REF] Andersson | Isolation, identification and necrotic activity of viridiol from Chalara fraxinea, the fungus responsible for dieback of ash[END_REF]. The production of this herbicidal molecule by the microorganisms restricts their use as biological control agent.

Studies have been performed to avoid the production of viridiol [START_REF] O'brien | Biological control of plant diseases[END_REF]. It was found that production of viridiol (2) by G. virens could be inhibited when culture medium contains cytochrome P-450 inhibitors [START_REF] Howell | Suppression of Gliocladium virens phytotoxin production with steroid synthesis inhibitors and use of G. virens cultures as biocontrol agents[END_REF]. Another efficient approach was obtained by producing mutants of T. virens which were deficient for the production of viridiol (2) [START_REF] Howell | Viridiol deficient mutant strains of the biocontrol agent Trichoderma virens, process of making and using as biocontrol agent[END_REF].

Any molecule that ends up in the environment can undergo biotic and abiotic transformations to give new molecules with new biological activities. It is in this area of chemical ecology that we are interested in microbial biotransformation of chemicals and natural molecules. For example, concerning the former, we have shown that environmental biotransformation of drugs that can lead to the formation of more ecotoxic metabolites [START_REF] Laurence | Anticipating the fate and impact of organic environmental contaminants: A new approach applied to the pharmaceutical furosemide[END_REF][START_REF] Olvera-Vargas | Microbial biotransformation of furosemide for environmental risk assessment: identification of metabolites and toxicological evaluation[END_REF]. For the second, we have shown that juglone, a phytotoxic naphtoquinone produced by the walnut, is reduced by an endophytic fungus to give isosclerone [START_REF] Prado | One-step enantioselective synthesis of (4S)-isosclerone through biotranformation of juglone by an endophytic fungus[END_REF]. We present here a study concerning the production of viridin (1) and its microbial metabolism by environmental non-producing microorganisms.

The aim of this study is to evaluate their ability to transform viridin [START_REF] Pal | Biological control of plant pathogens[END_REF] and to study the relationship between metabolism and detoxifying power.

Materials and Methods

General

TLC was performed on pre-coated silica gel plates (Silice 60 F254 Merck, Germany). 1D and 2D NMR spectra were recorded in CDCl3 and CD3OD with Bruker 400 and 600 spectrometers using TMS as internal standard. The chemical shifts were given in δ (ppm). HR-ESI-MS and fragmentation MS spectra were obtained with an Applied Biosystem QSTAR Pulsar I mass spectrometer. Analytical HPLC analyses were performed on GILSON system with pump 305, pump 306, gradient dynamic mixer 811B and autoinjector 234. The system was controlled and the results were analyzed by Unipoint Gilson software. The column (Hypersil, C18 5 µm (250x4.6)) was eluted (1 mL/min) with a gradient solvent system: solvent A (H2O-TFA 1%) 60% and solvent B (CH3CN/H2O-TFA 1% (50/50)) 40% isocratic for 3 min followed by gradient to 60% solvent B in 10 min and held at 60% solvent B for 5 min.

Preparative HPLC were performed on a Agilent system equipped with XDB column (150 x 21.2 mm) using gradient solvent system: solvent A (H2O-TFA 0.05% /CH3CN (95/5)) 85% and solvent B (CH3CN/H2O-TFA 0.05% (95/5)) 15% isocratic for 2 min. followed to gradient to 25% solvent B in 30 min., flow 10 mL/min. For analytical and preparative HPLC, the detection wavelengths were 230 and 250 nm. Solvent were HPLC grade and use as such.

Microorganisms.

Trichoderma virens was provided to us by the National Center for Agricultural Research in Côte d'Ivoire [START_REF] Mpika | Antagonist potential of Trichoderma indigenous isolates for biological control of Phytophthora palmivora the causative agent of black pod disease on cocoa (Theobroma cacao L.) in Cote d'Ivoire[END_REF] and maintained on PDA at 4°C. Other microorganisms were stored at 4°C in medium containing Bacto peptone 5 g/L, yeast extract 5 g/L, malt extract 5 g/L, glucose 20 g/L and agar 20g/L.

Preparation of viridin (1) and viridiol (2).

Conidia of T. virens grown on PDA for 5 days were collected by sterile deionized water (1.5 10 8 conidia/mL). Fifteen Roux flasks containing 250 mL PDA were inoculated with 2 mL of conidial suspension and the cultures were incubated for 7 days at 25°C in dark. Solid media fermentation and mycelia were recovered and extracted with ethyl acetate 3 times with magnetic stirring. The organic layer was evaporated to obtain 4.79 g of crude extract.

Viridin (1)

This extract is triturated and washed three times with MeOH (3 mL) to give viridin ( 

Stability of viridin (1)

The effect of pH on viridin stability was studied in citrate buffer media (pH 3 to 8) at 0.5 unit intervals during 48h.

Biotransformations

Screening of actives strains

Screening experiments were carried out in resting cells conditions. Bacteria and fungi (Table S1) were tested using conventional method and yeasts using our method based on combinatory library of microorganisms (CLM). Cultures were conducted in Erlenmeyer flasks (50 mL) filled with YMS culture medium (20 mL) containing (in g/L): yeast extract 4, malt extract 10, soybean peptone 5 and glucose 16. Microorganisms were grown at 26°C on rotary shaker (160 rpm).

After 48 hours, biomasses were recovered by filtration for filamentous fungi and centrifugation for bacteria and yeasts. Biomasses of bacteria and fungi were suspended in 10 mL of citrate buffer (0.1M, pH5) and biomasses of yeasts were suspended in 5 mL and four mixtures were prepared by placing 2 mL of each suspensions as described in Table S2. Plates were incubated at 26°C and 37°C for bacteria, and inhibition zone were daily measured as the formula S=π×R 2 .

Results

T. virens T7, isolated in Cote d'Ivoire, has been used and an optimization of viridin [START_REF] Pal | Biological control of plant pathogens[END_REF] production was performed by culturing the microorganism in different conditions. Viridin [START_REF] Pal | Biological control of plant pathogens[END_REF] and viridiol (2) (Fig. 1) were isolated from an ethyl acetate extract of agar and biomass prepared by culture on solid medium (PDA) in the dark at 25°C. Viridin (1) was obtained by precipitation in methanol and viridiol (2) by chromatography as described in Materials and Methods.

Structures of products were established by comparison with literature. Natural viridin (1) which is a α-methoxy ketone can undergo an epimerization at C-2 position to give 2-epi-viridin. [START_REF] Grove | Viridin Part I. Isolation and characterisation[END_REF] In order to study its stability, we incubated 1 in buffer solutions (pH 3.0-8.0). Its isomerization was observed in pH > 5.5. In buffer pH ≤ 5.5, viridin (1) is stable and no formation of 2-epiviridin was observed. 1) by various microorganisms because its fate in the environment, and in particular its biotic transformation products have never been investigated. Since viridin (1) is known to be fungistatic and showed low antibacterial activity [START_REF] Hanson | The viridin family of steroidal antibiotics[END_REF], it was possible to conduct this study under resting cell conditions. In fact, under these conditions the microorganisms are grown in good conditions and the biomass is set to incubate in the presence of the molecule studied. Forty-five microorganisms from a broad range of environment, including bacteria (22 strains), fungi and oomycetes (11 strains) and yeasts (12 strains), have been screened for their ability to biotransform viridin [START_REF] Pal | Biological control of plant pathogens[END_REF]. While bacteria and fungi have been tested individually, the screening of yeasts was made on mixtures of strains according to our method based on combinatory library of microorganisms (CLM) [START_REF] Fromentin | Yeast-mediated xanthone synthesis through oxidative intramolecular cyclization[END_REF]. Thus, the twelve yeasts were tested in four incubations.

Incubation media [START_REF] Heraux | Composted chicken manure as a medium for the production and delivery of Trichoderma virens for weed control[END_REF] were analyzed after 48 hours incubation time. The data analysis of TLC showed that fifteen microorganisms were able to transform viridin (1) (Table 1). In some cases, the main product had the same Rf value (Rf 0.38, CHCl3/acetone 7:3) than viridiol (2) obtained by fermentation with T. virens. LC/MS and NMR data confirmed the structure of viridiol (2) (Table S3 Half of the tested bacteria were able to transform viridin (1), e.g. Bacillus cereus, Nocardia coralina and some Rhodococcus species. Among them, R. globerolus caught our attention because it gave two metabolites. The eleven tested fungi belong to the genus Aspergillus (2), Botrytis (1), Fusarium (1), Phytophthora (3) and Mucor (4). Three Mucor species were able to transform this compound, and one of them, M. racemosus, is a plant pathogen (tomatoes [START_REF] Kwon | Soft rot of yomato caused by Mucor racemosus in Korea[END_REF]). While Fusarium oxysporum and Phytophthora spp, were not able to transform viridin (1) under the study conditions, analysis of the Botrytis cinerea incubation medium showed the presence of two new metabolites whose identification requires further investigations. Since a biotransformation was observed for a single mixture of yeasts (pool 2) it was possible to conclude that only one strain is active and to identify it quickly. Indeed, it is the strain P. anomala, it was the only one that was present exclusively in this mixture (table S1).

The ability to reduce viridin (1) by M. racemosus, P. anomala and R. globerolus had been investigated using concentrations of 0.5 and 1 mg/mL. The kinetic study of reduction of viridin

(1) by the fungi and the yeast showed the fast disappearance of substrate from the incubation medium because of its absorption into cells. Then, viridiol (2) as main biotransformation product was slowly released in incubation medium. In order to carry out a kinetic study, it is necessary to extract viridin (1) from the cells by methanol treatment and sonication before HPLC analysis. M. racemosus reduced viridin (1) at 0.5 mg/ml in 40 hours, and P. anomala was less active, since the reduction in more than 48 hours. For both microorganisms, no formation of viridiol (2) was observed during incubation at 1 mg/ml. Thus, their ability to reduce viridin (1) to give viridiol (2) is concentration-dependent.

The biotransformation of viridin (1) by R. globerolus was even faster, there was only 19%

viridin (1) left after 4 hours of incubation. TLC profiles and HPLC chromatograms of experiment conducted at 0.5 mg/mL showed the presence of two metabolites whose formation kinetics are presented in Fig. 2. One of them had the same Rf value and retention time (8 min.) than the viridiol (2). The second metabolite 3, with greater Rf (0.48) and retention time (10 min.) was a isomer of 2 with molecular ion at m/z 355.119 for [M + H] + and formula C20H18O6.

Other peaks observed in its electrospray ionization (ESI) mass spectrum were 336 (M + -18), 308 (M + -46) and 280 (M + -74). This fragmentation pattern was similar to that described for viridiol 2 [START_REF] Jones | Conversion of viridin to viridiol by viridin-producing fungi[END_REF][START_REF] Wipf | Structure reassignment of the fungal metabolite TAEMC161 as the phytotoxin viridiol[END_REF]. The 1 H-and 13 C-NMR spectra of 3 were also very similar to those of 2,

indicating that a reduction of the 3-oxo group in viridin (1) had occurred, and not at the C-7 and C-17 carbonyls which appear in the carbon spectrum of 3 at 173.3 ppm and 208.8 ppm, respectively (Table S3, Fig S2 andS3). In the NOESY spectrum of 3, a correlation between H-3 and H-18 allowed to determine the α-stereochemistry of the hydroxy group at C-3. Another correlation of H-19 with H-18 confirmed that viridin (1) did not undergo epimerization under the pH incubation conditions.

Therefore, this second metabolite 3 possesses a 3S-configuration, and was named 3-epi-viridiol.

On the other hand, enantiomeric synthesis of both epimers, 2 and 3, have been described [START_REF] Del Bel | Enantioselective chemical syntheses of the furanosteroids (-)-viridin and (-)-viridiol[END_REF]. As viridin (1) is not active against bacteria, biotransformation cannot be therefore considered as a detoxification mechanism in these organisms. On the contrary, since viridin [START_REF] Pal | Biological control of plant pathogens[END_REF] has antifungal activity, we can suggest such a role in other microorganisms. Thus, we investigated the relationship between the reducing capacity of two selected microorganisms and biological activity of viridin (1) and viridiol [START_REF] O'brien | Biological control of plant diseases[END_REF]. However, we also tested their activity against R. globerolus as we have shown that this bacterium is capable of reducing 1. Both molecules were inactive.

Viridiol (2) 3-epi-viridiol (3) 
The antifungal activity of viridin (1) and viridiol (2) was evaluated using paper disk assays and results are given as inhibition areas in Table 2 (M. racemosus) and Table 3 (P.

anomala). In both cases, we observed an inhibition of the growth by viridin (1) but viridiol [START_REF] O'brien | Biological control of plant diseases[END_REF] was totally inactive. However, we pointed out that the inhibition areas decreased during the incubation in particular with fungus. For example, 25 µg of viridin (1) produced an inhibition area of 132 mm 2 after 24 hours incubation, which decreased to 78 mm 2 after 48 hours and finally, no inhibition was detected after 72 hours. 

Discussion

Many specialized metabolites produced by plants or microorganisms are defense molecules.

Their biosynthesis may be constitutive or stress-induced [START_REF] Hans | Two classes of plant antibiotics: phytoalexins versus Phytoanticipins[END_REF]. In response and to develop, the target organisms must detoxify them by biotransformation. The two main mechanisms for detoxifying xenobiotics, whether natural or not, involve a variety of reactions that aim either to increase their hydrophilia, generally by conjugation [START_REF] Fill | Conjugation of antifungal benzoic acid derivatives as a path for detoxification in Penicillium brasilianum, an endophyte from Melia azedarach[END_REF], or to deactivate them. This, are well described for phytoalexins [START_REF] Pedras | Metabolism and detoxification of phytoalexins and analogs by phytopathogenic fungi[END_REF] and mycotoxins [START_REF] Mccormick | Microbial detoxification of mycotoxins[END_REF]. These biotransformations may occur as part of the use of microorganisms for the bio-control of phytopathogens by antibiosis.

Detoxification reactions can be carried out by the target microorganisms but also by other endophyte or epiphytic microorganisms. In this case the implementation of biocontrol is more delicate because it is dependent on the absence of these microorganisms. We tested a range of environmental microorganisms and among them, bacteria of the genus Rhodococcus which are known to be active in bioconversions [START_REF] Warhurst | Biotransformations catalyzed by the genus Rhodococcus[END_REF] and in bioremediation [START_REF] Kuyukina | Application of Rodococcus in bioremediation of contaminated environments[END_REF]. These endemic bacteria have been found to thrive in soil, water, and eukaryotic organisms.

Viridiol (2) which was obtained as main product during all biotranformation was the result of a highly regio-selectivity since viridin (1) is a tri-ketone. Two carbonyl groups are adjacent to a benzene nucleus, one forming an indanone framework and the other a naphthalene framework. These two ketones are not reduced during viridin biotransformation. On the contrary, the third carbonyl group of 1, which is adjacent to methoxy group was reduced to form viridiol (2). Our results were consistant with the reduction of viridin (1) as detoxification mechanism and showed that non-viridin producing microorganisms are able to transform 1 to 2. These microorganisms can be non-sensitive (bacteria) or sensitive (yeast and fungi) to viridin [START_REF] Pal | Biological control of plant pathogens[END_REF]. The reduction of viridin (1) by microorganisms present in environment could reduce the effectiveness of biocontrol in two ways.

The first is the transformation of the active substance in a derivative without antifungal activity, which is released in environment. Then, phytopathogen fungi could benefit to this inactivation. The reduction of viridin (1) by P. anomla, a non-Saccharomyces wine yeast [START_REF] Renouf | Inventory and monitoring of wine microbial consortia[END_REF],

is interesting regarding the biocontrol of Botrytis cinerea, responsible of botrytis bunch rot in grape, by Trichoderma sp. Indeed, we determined activity of viridin (1) against B. cinerea and found that spore germination is strongly prevented by viridin (1) with MIC 20 ± 2 µg/mL.

However, despite this good activity, T. virens is not used as BCA against grey mould. [START_REF] Elmer | Biosuppression of Botrytis cinerea in grapes[END_REF].

Results from biotransformation experiments leading to inactivation provide insights into the structural elements essential to the activity and may assist in the design of new control agents. [START_REF] Daoubi | Screening study of lead compounds for natural product-based fungicides: antifungal activity and biotransformation of 6a,7a-dihydroxy-b-himachalene by Botrytis cinerea[END_REF] In the case of viridin (1), as the reduction of ketone leads to a total loss of antifungal activity, it is necessary to design molecules for which this reduction is disadvantaged.

The second is that viridiol (2) is a phytotoxin with necrotic activity [START_REF] Andersson | Isolation, identification and necrotic activity of viridiol from Chalara fraxinea, the fungus responsible for dieback of ash[END_REF] which could have disastrous effects against the treated plant. On the contrary, it is through its herbicidal activity that T. virens has begun to be used in the biocontrol against Setaria viridis and Amaranthus retroflexus [START_REF] Hutchinson | Trichoderma virens-inoculated composted chicken manure for biological weed control[END_REF][START_REF] Heraux | Composted chicken manure as a medium for the production and delivery of Trichoderma virens for weed control[END_REF]. However, there is a need to increase the concentration of viridiol (2) to ensure reliable performance [START_REF] Verma | Antagonistic fungi, Trichoderma spp.: Panoply of biological control[END_REF] and the reduction of viridin (1) by non-viridin producing microorganisms could be an interesting approach. Indeed, an effective viridiol [START_REF] O'brien | Biological control of plant diseases[END_REF] concentration could be obtained by combining the viridin production by T. virens and the reduction thereof by a non-viridin producing microorganism. In addition, it can be noted that these products are currently sought for biological studies, in particular such as candidate for PI3K inhibition-based chemotherapy, and several total syntheses are reported [START_REF] Del Bel | Enantioselective chemical syntheses of the furanosteroids (-)-viridin and (-)-viridiol[END_REF][START_REF] Ji | Total synthesis of viridin and viridiol[END_REF]. It can be highlighted that their preparation by coupling fermentation/biotransformation does not use numerous highly toxic or otherwise problematic reagents contrary to the syntheses described [START_REF] Kühlborn | Making natural products from renewable feedstocks: back to the roots?[END_REF].

Conclusion

We conducted biotransformation experiments to study the action of microorganisms (45 strains) on viridin (1), a molecule produced in large quantities by Trichoderma virens, a bio-control agent. The screenings carried out led to the selection of 15 microorganisms capable of transforming viridin (1) into viridiol (2), a phytotoxin. Among these 15 microorganisms, R.

globerolus, a bacterium was able to generate in addition to natural viridiol (2), its unknown epimer 3-epi-viridiol (3). Our results show that the conversion of viridin (1) into viridiol (2) is not exclusive of viridin-producing fungi. R. globerolus, M. racemosus, P. anomala are able to
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Fig. 2 .

 2 Fig. 2. Conversion of viridin (1) (X) (0.5 g/l) to viridiol 2 (<) and 3-epi-viridiol 3 (p) by R. globerolus over the incubation time.
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 4 Fig. 4. Biotransformation of viridin (1) by R. globerolus
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  Cells suspensions of P. anomala and M. racemosus in glycerol (15%) were obtained from agar slant and spread on the PDA plates. Cells suspension of R. globerolus were obtained from 24hhold culture in LB liquid medium and spread on LB agar medium (yeast extract 5g/L; NaCl 10g/L; agar 20 g/L) using a swab. After one hour, antibiogram paper disks (6 mm diameter) treated with viridin (1) or viridiol (2) (ten microliters of DMSO solutions of were transferred onto the agar plates (in triplicates). Ten microliters of DMSO were applied to control disks.
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	epi-Viridiol 3: 1 H-RMN (600 MHz, CD3OD): d 8.60 (1H, d, J = 8.2 Hz, H-11), 7.93 (1H, d, J

Viridin (1) was added (finale concentration 0.1 mg/mL) in solution of DMSO

(10 µL)

. Incubations were incubated in same conditions. Controls without compound 1 and non-inoculated flasks containing compound 1 were conducted in same conditions.

Experiments at different concentrations of viridin were conducted in the same manner. Every day, samples (500 µL) were withdrawn, for HPLC analysis and then extracted by EtOAc for TLC and MS.

2.4.2. Reduction of viridin (1) by Rhodococcus globerolus

Culture of Rhodococcus globerolus were conducted in 500 mL Erlenmeyer flaks containing 200 ml of YMS inoculated with 48h-hold pre-culture. R. globerolus cells were taken up in 40 mL of citrate buffer at pH 5 and viridin (20 mg dissolved in DMSO) was added in the flask to be incubated for 48 hours. The procedure and conditions were as in screening experiments. The residue (31 mg) obtained was purified by preparative HPLC to give 2 (1.1 mg) and 3 (1 mg). Viridiol (2): 1 H-RMN (600 MHz, CD3OD): d 8.55 (1H, d, J = 8.1 Hz, H-11), 7.91 (1H, d, J = 1.0 Hz, H-20), 7.88 (1H, d, J = 8.1 Hz, H-12), 4.99 (1H, dd, J = 4.52 1.0 Hz, H-3), 4.30 (1H, d, J = 3.78 Hz, H-1), 3.79 (1H, dd, J = 4.52Hz 3.78 Hz, H-2), 3.70-3.80 (H, m, H-15a), 3.72 (3H, s, OMe), 3.60-3.70 (H, m, H-15b), 2.70-2.76 (2H, m, H-16), 1.75 (3H, s, Me). 13 C-RMN (150 = 1.2 Hz, H-20), 7.90 (1H, d, J = 8.2 Hz, H-12), 5.07 (1H, dd, J = 3.0 Hz 1.2 Hz, H-3), 4.13 (1H, d, J = 5.1 Hz, H-1), 3.75-3.82 (1H, m, H-15a), 3.70-3.75 (1H, m, H-15b), 3.68 (1H, dd, J = 5.1 Hz 3.0 Hz, H-2), 3.66 (3H, s, OMe), 2.70-2.74 (2H, m, H-16), 1.59 (3H, s, Me). 13 C-RMN

Table 1 :

 1 , FigS1). Active microorganisms in biotransformation of viridin[START_REF] Pal | Biological control of plant pathogens[END_REF] 

		Genus	Number of	Number of
			tested strains	active strains
		Bacillus	4	1
	Bacteria (22)	Nocardia Pseudomonas	1 3	1 0
		Rhodococcus	14	9
	Oomycetes (3)	Phythophtora	3	0
		Aspergillus	2	0
	Fungi	Botrytis	1	1
	(8)	Fusarium	1	0
		Mucor	4	3
		Cryptococcus	1	0
		Dipodascus	1	0
	Yeasts (12)	Kloeckera Kluyveromyces Pichia	1 2 4	0 0 1
		Rhodosporidium	2	0
		Yarrowia	1	0

Table 2 :

 2 Effect of viridin (1) and viridiol (2) at different concentrations on mycelial growth of M. racemosus given in areas of inhibition zones (mm 2 ).

				Viridin (1) (µg)		Viridiol 2 (µg)
	Time (h)	3.12	6.25	12.5	25	50	50
	24	0	50.2	78.5	132.6	314	0
	48	0	0	50	78	176	0
	72	0	0	0	0	78	0
	Although viridin (1) was more active against P. anomala, the same phenomenon was
	observed, however the inhibition areas have not totally disappeared after 96 hours. As we
	checked the stability of the viridin (1) on a PDA culture medium (pH <5.5) we can conclude
	that the two microorganisms are able to detoxify 1, if its concentration is not too high.

Table 3 :

 3 Effect of viridin[START_REF] Pal | Biological control of plant pathogens[END_REF] and viridiol (2) at different concentrations on growth of P. anomala given in areas of inhibition zones (mm 2 ).

reduce viridin (1) to viridiol (2). These results challenge us on the causes of this conversion of viridin (1), it is believed to be the action of a detoxification by M. racemosus, P. anomala.

Finally, our work shows that it is possible to produce viridiol (2) for an herbicide use.
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