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Abstract: Biotransformation processes have been successfully utilized to obtain
products of pharmaceutical, chemical, food, and agricultural interest, which are difficult
to obtain by classic chemical methods. The compound with antituberculous activity,
9-methoxy-tariacuripyrone (1), isolated from Aristolochia brevipes, was submitted to
biotransformation with the yeast Saccharomyces cerevisiae under culture, yielding
5-amino-9-methoxy-3,4-dihydro-2 H-benzo[h]chromen-2-one (2). The structure of 2 was
elucidated on the basis of spectroscopic analyses. The results mainly show the reduction of
the double bond and the nitro group of compound 1. Metabolite 2 demonstrated an increase
in anti-tuberculous activity (MIC = 3.12 pg/mL) against the drug-sensitive Mycobacterium
tuberculosis (H37Rv) strain, with respect to that shown by 1.
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1. Introduction

During the past decade, biotransformations have attracted increasing interest and currently comprise
one of the most promising areas in research, due to their possible application in obtaining raw
materials and useful products in different industrial processes and in important sectors such as
pharmaceuticals, chemicals, foods, and agriculture. These processes have been utilized very
successfully in obtaining novel molecules and in the modification of organic substrates, with the
objective of increasing their commercial or scientific value. The principal advantages of their use are
the following: resolution of racemates, selective conversion of functional groups between groups of
similar reactivity, introduction of a chiral center, and the functionalization of non-active carbons, in
addition to the preparation of optically active compounds with high stereoselectivity under
environmentally gentle and friendly conditions [1-4]. Biotransformation reactions have been carried
out by diverse microorganisms such as bacteria (Pseudomonas), fungi (Aspergillus niger, Penicillium,
Cladosporium, Botrytis cinerea), and some algae [5].

One of the most frequently employed microorganisms in biotransformation processes is the yeast
Saccharomyces cerevisiae (baker’s yeast, BY), which from remote times has been used in the
production of alcoholic beverages and in the bakery industry. Edible and industrial ethanol production
represents the majority of S. cerevisiae use in biotechnological applications. However, baker’s yeast
also plays an important role as a model organism in the field of biochemistry, genetics and molecular
biology [6].

It is well known that BY contains enzymes that carry out several chemical reactions, such as:
asymmetrical reduction of the carbonyl group to an alcohol group with high yields; carbonyl
compounds with several substituents (Me, Et, n-Pr, n-Bu, Bz) are also reduced [4], and some
aldehydes, oxo esters, and a-oxo esters are also reduced by BY [7]. Thus, BY is widely utilized as a
bio-reagent in chemical synthesis [8]. Moreover, BY promotes the reduction of nitroaromatic
compounds to their respective amines utilizing very simple reactions and without producing any
harmful effect [9].

We studied the plant species Aristolochia brevipes (Aristolochiaceae), which grows in several
states of the Mexican Republic such as Michoacan, Colima, Guerrero, and Morelos, where it is
popularly known as ‘“guaco” and widely used in Mexican traditional medicine to treat arthritis,
diarrhea, and snake-bite wounds. The plant’s rhizomes are the most utilized part [10—12]. Previous
studies conducted on this plant species report the presence of 9-methoxytariacuripyrone (1)
and 7,9-dimethoxy-tariacuripyrone [10], as well as aporfinic alkaloids such as 6a,7-dehydro-/N-
formylnornantenine, N-formylnornantenine, and aristololactame I [12]. Additionally, the anti-tuberculous
activity of these compounds has been reported [13].

The objective of this work was to submit 1 to biotransformation with BY and to evaluate the
antimycobacterial activity of its transformation products. The biotransformation of 9-methoxytariacuripyrone
(1) with Saccharomyces cerevisiae afforded metabolite 2 (Figure 1). The present contribution
describes the production, isolation, structure elucidation, and antimycobacterial activity of
this metabolite.
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Figure 1. Biotransformation of 1 with Saccharomices cerevisiae in culture.
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2. Results and Discussion

Compound 2 was obtained (20% yield) from the biotransformation of 1 with BY, and it displayed a
quasi-molecular ion peak at m/z 266.2578 corresponding to the molecular formula C;4H;3NOsNa,
indicating a metabolite structure with two less oxygen atoms than 1. Its infrared (IR) spectrum
demonstrated the disappearance of the nitro and double bond groups and the appearance of the NH,
absorption band at 3,416.9 cm ', indicating that the reduction of these groups has occurred. The
nuclear magnetic resonance (NMR) spectral data of 2 were similar to that of 1 with the exception of
carbon and proton signals at positions 3, 4, 5, and 6. This observation was consistent with the absence
of the a.B unsaturated hydrogens signals of H-3 and H-4 and the appearance in the '"H-NMR of two
triplets at & 3.14 (2H, t, J/ = 4.0 Hz) and o 2.86 (2H, t, J = 4.0 Hz), as well as two aliphatic carbon
signals at 6 21.33 (C-3) and 35.0 (C-4) which were each correlated in the HMQC spectrum. These
signals were assigned to H-4 and H-3, respectively, by mean of the correlations observed between the
signal at § 3.14 with C-2, C-3, C-4a, -C-5, and C-10b and between the signal at 6 2.86 with C-2, C-4,
and C-4a in the HMBC spectrum (Figure 2). The presence of a broad singlet signal at & 5.02
characteristic of an amine group, as well as the upfield shift of the H-6 signal (AS = 0.56 ppm), and the
downfield shift of the C-5 signal (A8 = 3.1 ppm) in the "C-NMR spectrum indicated the reduction of
the nitro to the amine group [10]. Thus, the structure of this metabolite was determined as 5-amino-9-
methoxy-3,4-dihydro-2H-benzo[h]chromen-2-one. This compound has not been isolated previously.

Figure 2. Selected HMBC correlations for compound 2.
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From the data obtained by NMR, we proved that BY performed the reduction of the nitro group to

an amine; it is known that the reaction of this type of chemical group is due to nitroreductase
enzymes [14,15].
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Biodegradation of nitroaromatics can be initiated by both reductive and oxidative mechanisms. The
reductive pathways involve conversion of the nitro substituent to an amino group through the action of
nitroreductases [15—17]. Type I (oxygen-insensitive) nitroreductases catalyze the sequential transfer of
two electrons from NAD(P)H to the nitro groups of nitrosubstituted compounds, in the presence or
absence of oxygen, resulting in nitroso and hydroxylamine intermediates and finally primary
amines [18-20]. Many nitroreductases have been reported to possess broad substrate specificity
catalyzing the reduction of organic nitroaromatic and nitroheterocyclic compounds [17,21-24].

It was also determined that BY carried out the reduction of the double bond in positions 3 and 4 of
the substrate 1. BY-mediated double-bond reduction is known. For example, Woodward’s lactones are
reduced in the double bond, with a yield of nearly 20%; likewise, the transformation of oxoisophorene
(3,5,5-trimethyl-2-cyclohexene-1,4-dione) with BY produces four reaction products, of which two
correspond to the double-bond reduction, this reaction being very fast and carried out at room
temperature (30 °C) [4]. This is the first report of the reduction of 1 by the yeast Saccharomyces cerevisiae.

Compound 2 was finally evaluated with the Microplate Alamar Blue Assay (MABA) method to
determine its antituberculous activity, and the result showed that this metabolite (MIC, 3.125 pg/mL) was
more active than its parent compound 1 (MIC, 25 png/mL, [13]) against Mycobacterium tuberculosis H37Rv.

3. Experimental
3.1. General

Melting points were determined on a Fisher Johns melting point apparatus. The IR spectra were
obtained in KBr or as films (CHCI;) on a Bruker Vector 22 IR Spectrometer. CIMS spectra were
recorded on a Jeol IMX-AX 505 HA mass spectrometer in a matrix of glycerol. Structure was
determined through 'H and °C nuclear magnetic resonance (NMR) experiments, which were obtained
in CDCl; on Varian Unity 400 equipment, at 400 MHz for 'H, and at 100 MHz for *C utilizing
tetramethylsilane (TMS) as internal reference.

3.2. The Biotransformation Process

The procedure was performed according to that reported by Takeshita et al. [16], with some
modifications for this study. We added distilled water (200 mL) and Saccharomyces cerevisiae yeast
(50 g, NEVADA®, Edo. México, México) to 500 mL Erlenmeyer flasks; these were shaken at a
temperature of 30 °C at 160 rpm for 1-2 h, the initial pH was 5.5. After this time, we added the
substrate 9-methoxytariacuripyrone (1, 100 mg) dissolved in ethanol (1 mL) to the reaction flasks,
while the control flasks only contained Saccharomyces cerevisiae. The flasks were again shaken under
the aforementioned conditions during 48 h. The progress of the transformation reaction was monitored
using thin layer chromatography (TLC), in which 10-15-mL aliquots were taken from the reaction
mixture, extracted by partition with ethyl acetate (25 mL), and the organic phase was concentrated
under reduced pressure for analysis utilizing 9-methoxytariacuripyrone (1) as reference.
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3.3. Extraction, Purification and Elucidation of Biotransformation Product

The mixture (pH was adjusted to 7.0 using 2M sodium hydroxide solution) was extracted with ethyl
acetate (500 mL x 3 times). The organic phase was filtered through a Celite bed; afterward, the organic
phase was concentrated at reduced pressure to obtain the extract that contains the reaction products.

For purification of the products, we employed open column chromatography (OCC), for which
we utilized silica gel (Merck Kiesegel 60, Darmstadt, Germany). This was eluted with a 9:1
hexane-acetone system, gradually increasing the polarity with acetone. The fractions and/or products
obtained were monitored using TLC and were observed with ultraviolet (UV) light and revealed with
ammonium sulfate solution (Sigma Chemical Co., St. Louis, MO, USA); the fractions were again
rechromatographed by means of OCC in order to obtain the pure products.

5-Amino-9-methoxy-3,4-dihydro-2H-benzo[h]chromen-2-one (2). Yellow powder; m.p. 118-120 °C;
HRFABMS (positive mode) m/z, calculated for C;4H;3NO3Na: 266.2513, found: 266.2578; IR: v
(cm™"): 3416.9, 1260 (NH,), 1627.05 (C=0); '"H-NMR: & = 2.86 (t, J = 4 Hz, H-3), 3.14 (t, J = 4 Hz,
H-4), 7.95 (s, H-6), 7.79 (d, J = 8.8 Hz, H-7), 7.19 (dd, J = 8.8, 2.8 Hz, H-8), 7.61 (d, J = 2.8 Hz, H-10),
3.96 (s, 9-OMe), 5.02 (s, NH»-5); *C-NMR: & 181.70 (C-2), 21.33 (C-3), 35.0 (C-4), 117.97 (C-4a),
149.45 (C-5), 118.15 (C-6), 131.58 (C-6a), 132.3 (C-7), 122.25 (C-8), 162.06 (C-9), 102.91 (C-10),
128.58 (C-10a), 152.5 (C-10b).

3.4. Antimycobacterial Assay

The antimycobacterial activity was determined by the fluorometric Microplate-based Alamar blue assay
(MABA) method. The methodology was fully described by Luna-Herrera and Navarro-Garcia ef al. [13,25].

4. Conclusions

The results indicate that BY possesses the enzymatic capacity to reduce the nitro group in position
C-5 of compound 1 to an amine group, as well as to reduce the double bond in positions of C-3 and
C-4. In the yeast Saccharomyces cerevisiae, two nitroreductase proteins, involved in the oxidative
stress response, Frm2p and Hbnlp, have been described, [18,26], and could be the responsible of the
reduction reactions observed in this biotransformation of 1.

The reduction of the nitro and double bond groups resulted in an increase in antituberculous activity
tested against Mycobacterium tuberculosis H37Rv. With the results found here, we provide the
opportunity to conduct new pharmacological and chemical studies on this substrate. This type of
reaction can be useful in obtaining new products, which could increase the therapeutic arsenal against
a disease that is exhibiting resurgence with resistant bacteria, such as is the case of tuberculosis.

Acknowledgments

This research was supported by Fondo de Investigaciéon en Salud (FIS) Instituto Mexicano del
Seguro Social (IMSS) Grant FIS/IMSSS/PROT/G10/833, and CONACyT, grant 2006-C01-56431.
PAF received a doctoral fellowship from CONACyT, México (#239468). We thank A. René Arzuffi
Barrera (CEPROBI, IPN) for their advice during the course of this study.



Molecules 2012, 17 8469

References

10.

11.

12.

13.

14.

15.

16.

Velasco, B.R.; Montenegro, M.L.; Vélez, S.F.; Garcia, P.C.; Durango, R.L. Biotransformacién de
compuestos aromaticos sustituidos mediante hongos filamentosos fitopatogenos de los géneros
Botryodiplodia 'y Colletotrichum. Rev. Soc. Quim. Peru 2009, 75, 94-111.

Gavrilescu, M.; Chisti, Y. Biotechnology a sustainable alternative for chemical industry.
Biotechnol. Adv. 2005, 23, 471-499.

Loughlin, W.A. Biotransformations in organic synthesis. Bioresour. Technol. 2000, 74, 49—62.
Csuk, R.; Glanzer, B. Baker’s yeast mediated transformations in organic chemistry. Chem. Rev.
1991, 91, 49-97.

Demyttenaere, C.J.R.; De Pooter, H.L. Biotransformation of geraniol and nerol by spores of
Penicillium italicum. Phytochemistry 1996, 41, 1079-1082.

Moreira-Dos Santos, M.; Thygesen, G.; Kétter, P.; Olsson, L.; Nielsen, J. Aerobic physiology of
redox-engineered Saccharomyces cerevisiae strains modified in the ammonium assimilation for
increased NADPH availability. FEMS Yeast Res. 2003, 4, 59—68.

Salinas, Y.; Oliart, R.M.; Ramirez-Lepe, M.; Navarro-Ocafia, A.; Valerio-Alfaro, G. Synthesis of
chiral o-hydroxy amides by two sequential enzymatic catalyzed reactions. Appl. Microbiol.
Biotechnol. 2007, 75, 297-302.

Paquette, L.A. Handbook of Reagents for Organic Synthesis: Chiral Reagents for Asymmetric
Synthesis; John Wiley and Sons, Ltd.: Chichester, UK, 2003; pp. 45-48.

Roberts, S.M. Preparative Biotransformations, Whole Cell and Isolated Enzymes in Organic
Synthesis; Wiley and Sons: Exeter, UK, 1997.

Achenbach, H.; Waibel, R.; Zwanzger, M.; Dominguez, X.A.; Espinosa, B.G.; Verde, S.J;;
Sanchez, V.H. 9-methoxy and 7,9 dimethoxytariacuripyrone, natural nitro-compounds with a new
basic skeleton from Aristolochia brevipes. J. Nat. Prod. 1992, 55, 918-922.

Martinez, M. Las Plantas Medicinales de México, 6th ed.; Libreria y Ediciones Botas: Coyoacéan,
DF, Mexico, 1991; p. 270.

Achenbach, H.; Waibel, R.; Zwanzger, M.; Dominguez, X.A.; Espinosa, B.G.; Verde, S.J.;
Sanchez, V.H.; Guajardo, E. 6a,7-Dehydro-N-formylnornantenine and other constituents from
Aristolochia brevipes. Planta Med. 1995, 61, 189—190.

Navarro-Garcia, V.M.; Luna-Herrera, J.; Rojas-Bribiesca, M.G.; Alvarez-Fitz, P.; Rios-Goémez, M.Y.
Antibacterial activity of Aristolochia brevipes against multidrug-resistant Mycobacterium
tuberculosis. Molecules 2011, 16, 7357-7364.

Marvin-Sikkema, F.D.; de Bont, J.A.M. Degradation of nitroaromatic compounds by microorganisms.
Appl. Microbiol. Biotechnol. 1994, 42, 499-507.

Roldan, M.D.; Pérez-Reinado, E.; Castillo, F.; Moreno-Vivian, C. Reduction of polynitroaromatic
compounds: the bacterial nitroreductase. FEMS Microbiol. Rev. 2008, 32, 474-500.

Takeshita, M.; Yoshida, S.; Kiya, R.; Higuchi, N.; Kobayashi, Y. Reduction of Aromatic Nitro
Compounds with Baker’s Yeast. Chem. Pharm. Bull. 1989, 37, 615-617.



Molecules 2012, 17 8470

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Oliveira, .M.; Bonatto, D.; Pega Henriques, J.A. Nitroreductases: Enzymes with Environmental
Biotechnological and Clinical Importance. In Current Research, Technology and Education
Topics in Applied Microbiology and Microbial Biotechnology; Mendez-Vilas, A., Ed.; Formatex:
Badajoz, Spain, 2010; pp. 1008—1019.

Race, P.R.; Lovering, A.L.; Green, R.M.; Ossor, A.; White, S.A.; Searle, P.F.; Wrighton, C.J.;
Hyde, E.I. Structural and mechanistic studies of Escherichia coli nitroreductase with the antibiotic
nitrofurazone. Reversed binding orientations in different redox states of the enzyme. J. Biol. Chem.
2005, 280, 13256-13264.

Haack, T.; Erdinger, L.; Boche, G. Mutagenicity in Salmonella typhimurium TA98 and TA100 of
nitroso and respective hydroxylamine compounds. Mutat. Res. 2001, 491, 183—193.

Kobori, T.; Sasaki, H.; Lee, W.C.; Zenno, S.; Saigo, K.; Murphy, M.E.P.; Tonakura, M. Structure
and site directed mutagenesis of a flavoprotein from Escherichia coli that reduces
nitrocompounds: Alteration of pyridine nucleotide binding by a single amino acid substitution.
J. Biol. Chem. 2001, 276, 2816-2823.

Sarlauskas, J.; Nemeikaite-Ceniene, A.; Anusevi¢ius, Z.; Miseviiene, L.; Julvez, M.M.; Medina, M.
Gomez-Moreno, C.; Cenas, N. Flavoenzyme-catalyzed redox cycling of hydroxylamino and
amino metabolites of 2,4,6-trinitrotoluene: implications for their cytotoxicity. Arch. Biochem
Biophys. 2004, 425, 184—192.

Kadiyala, V.; Nadeau, L.J.; Spain, J.C. Construction of Escherichia coli strains for conversion of
nitroacetophenones to ortho-aminophenols. Appl. Environ. Microbiol. 2003, 69, 6520—6526.
Hannink, N.K.; Rosser, S.J.; French, C.E.; Basran, A.; Murray, J.A.H.; Nicklin, S.; Bruce, N.C.
Phytodetoxification of TNT by transgenic plants expressing a bacterial nitroreductase.
Nat. Biotechnol. 2001, 19, 1168-1172.

Pacheco, A.O.; Kagohara, E.; Andrade, L.H.; Comasseto, J.V.; Crusius, [.H.-S.; Paula, C.R.;
Porto, A.L.M. Biotransformations of nitro-aromatic compounds to amines and acetamides by
tuberous roots of Arracacia xanthorrhiza and Beta vulgaris and associated microorganism
(Candida guilliermondii). Enzyme Microb. Technol. 2007, 42, 65—69.

Luna-Herrera, J.; Costa, M.C.; Gonzalez, H.G.; Rodriguez, A.L.; Castilho, P.C. Synergistic
antimycobacterial activities of sesquiterpene lactones from Laurus spp. J. Antimicrob. Chemother.
2007, 59, 548-552.

Oliveira, I.M.; Henriques, J.A.; Bonatto, D. In silico identification of a new group of specific
bacterial and fungal nitroreductases-like proteins. Biochem. Biophys. Res. Commun. 2007, 3535,
919-925.

Sample Availability: Not available.

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



