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Introduccion

considerado un modelo particularmente atractivo para estudios de elucidaciéon de rutas
biosintéticas (Trejo-Tapia y Rodriguez-Monroy, 2007).

Estudios fitoquimicos recientes en Pentalinon andrieuxii, una planta utilizada en la
medicina tradicional yucateca para el tratamiento de la leishmaniosis, han resultado en el
aislamiento y la identificacion de dos nuevos trinorsesquiterpenos, urechitoles Ay B (1y
2) con un esqueleto novedoso denominado campechano (3) (Yam-Puc et al., 2009). En
este trabajo se plantea utilizar el establecimiento de un modelo de cultivo de tejidos
vegetales de P. andrieuxii, que resulte en la produccion de los terpenoides de interés y
que permita la elucidacion de su origen biosintético.













Capitulo |

Los cultivos de células y tejidos in vitro constituyen actualmente una alternativa para la
produccion de metabolitos de uso farmacéutico, agricola o industrial, cuya produccion
comercial por los métodos convencit  les —sintesis quimica o extraccién a partir de las
plantas que los producen- resulta dificil 0 econémicamente inviable (Loyola-Vargas et al.,
2004). Entre algunos ejemplos de produccion de metabolitos por CTV's se encuentra la
produccion de Taxol®, un producto anticancerigeno, a partir de Taxus mairei, la
produccién de imperatonina, un metabolito bioactivo de Angelica dahurica var. formosana
y la produccién de diosgenina a partir de Dioscorea doryophora (Vanisree y Hsin-Sheng,
2004).

1.1.1 Clases de cultivos de tejidos vegetales

Existen varios tipos de cultivos in vitro: callos, suspensiones celulares, células
inmovilizadas, tejidos u érganos. La clase de cultivo afecta, entre otras cosas, el
crecimiento celular, la formacion y pu....cacion de metabolitos secundarios, y el tipo de
biorreactor que puede ser utilizado (Arias ef al., 2009).

1.1.1.1 Cultivo de callos

Los callos vegetales son tejidos sin diferenciar que pueden desarrollarse a partir de
células diferenciadas en la naturaleza o en cultivo in vitro bajo condiciones de cultivo
controladas (medio de cultivo, luz y temperatura), que muestran un crecimiento y
disposicién de células desorganizado. Una de las principales caracteristicas del cultivo in
vitro de callos es que en ocasiones constituye un paso necesario para la obtencion de
plantas genéticamente modificadas. Ademads, la relativa simplicidad del sistema
experimental para el control del crecimiento, hace del cultivo in vitro de callos un
excelente modelo para estudiar y caracterizar la morfologia y las propiedades dinamicas
de la evolucién de estos sistemas (Cross y Hohenberg, 1993; Koch y Meinhard, 1994).
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érgano o tejido completo (Yeoman y Yeoman, 1996). Existen dos tipos de érganos que
usualmente son cultivados para la produccién de metabolitos secundarios: raices y brotes,
gue se caracterizan por tener un patron metabdlico muy similar al de los érganos en la
planta y que pueden o no estar transformados genéticamente. En el caso de érganos no
transformados, el tejido se obtiene a partir de un explante y la diferenciacién se logra
utilizando una combinacién apropiada de reguladores de crecimiento (Arias et al., 2009,
Bougard et al., 2001; Ray y Jha, 1999, Patulun et al., 2007).

1.1.2 El cultivo de tejidos vegetales en la elucidacién de rutas biosintéticas

Los CTV's representan una herramienta basica para el estudio de las rutas biosintéticas
de metabolitos secundarios y los flujos metabdlicos que permiten entender la fisiologia de
las plantas. Las diferentes clases de CTV's que se han empleado para la produccién de
metabolitos secundarios, incluyen suspensiones celulares de Catharanthus roseus para la
produccién de los alcaloides inddlicos, serpentina (4) y ajmalicina (5), y Rubia akane para
la produccién de purpurina (6) (Calva-Calva et al.,, 2002); y cultivos de callos de Salvia
miltiorrhiza para la produccién de criptotanshinona (7) (Figura 1.1) (Vanisree y Hsin-Shen,
2004). De igual manera el cultivo de células inmovilizadas se ha utilizado para la
produccién de glucosidos de spirostanol (8) de Solanum chrysotricum (Charlet et al.,
2000), de antocianinas de Cruciata glabra (Dérnenburg, 2004) y de capsaicina (9) de
Capsicum frutescens (Figura 1.1) (Arias et al., 2009).
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isotopicamente. En la literatura se reportan varios trabajos en los cuales se hace uso de
is6topos estables para los analisis de flujos metabdlicos, tal es el caso del origen
biosintético del antecotuloide (10), una sesquiterpenlactona aislada de Anthemis cotula L.,
en donde la adicién de derivados de glucosa marcados con *C y ?H al medio de cultivo
semis6lido de las plantulas, sugiri6 que  antecotuloide puede formarse a partir de la
condensacion cabeza-cabeza del geranil difosfato con dimetilalil difosfato o a partir de
farnesil difosfato (Figura 1.2) (Klink et al., 2003). De igual manera, la incorporacion de
tirosina, tiramina y dopamina marcadas con “C a los cultivos de raices de Stephania
cepharantha, mostraron s6lo la incorporacion de 4 unidades de tirosina en el estudio de la
biosintesis de aromolina (11), un alcaloide bisbencilisoguinolinico (Figura 1.3) (Sugimoto
et al., 1990). Asimismo en estudios de biosintesis de litorina (12) y hiosciamina (13) en
cultivos de raices de Datura stramonium, la incorporacion de precursores derivados de
acetato, metionina, lactato y tropina marcados con *3C, ?H y *®0, mostro la incorporacion
de una unidad de [?Hs] acetato en las posiciones C-6 y C-7 del anillo de tropano y no en
C-2 y C-4 como se habia reportado anteriormente (Figura 1.4) (Duran-Patron et al., 2000).
Por otra parte, estudios de la ruta biosintética de 4-[5-(4-metoxifenoxi)-3-penten-1-inil]
fenol (14) y metabolitos relacionados, utilizando suspensiones celulares de Asparagus
officinalis, a las que se les incorporé [1-*Cq] y [U-"*Cs] glucosa, revelaron que los dos
anillos aromaticos de 14 son formados por la ruta del acido shiquimico, esto con base a
los resultados de la incorporacién de [1-'°C4] glucosa al medio de cultivo y observarse por
3C RMN los enriquecimientos de C-3, C-5, C-7, C-9, C-14, C-18 y C-16. (Figura 1.5).
Estos patrones de enriquecimiento fueron comparados con los reportados en la literatura
para el acido shiguimico y la fenilalanina (Terada et al., 1995).
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Figura 1.3 Incorporacion de cuatro moléculas de [3-1°C1] tirosina en la biosintesis de amorolina (11)
en cultivos de raices de S. cepharantha. *Posicién marcada (Tomado de Sugimoto et al, 1990).
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Figura 1.5 Enriquecimientos observados en el derivado metilado del metabolito 14 en las
posiciones C-3, C-5, C-14, C-18, C-9, C-7 y C-16, después de incorporar [1-13C] glucosa al
medio de cultivo de las suspensiones celulares de A. officinalis, comparandolo con una muestra
control del metabolito 14 (Tomado de Terada et al., 1995).

1.2 La transformacién genética en plantas

Los primeros reportes cientificos de plantas transgénicas datan del afio 1983 con el
desarrollo de plantas de Nicotiana tabacum (Herrera-Estrella et al., 1983), de Nicotiana
plumbaginifolia (Bevan et al., 1983), de plantas del género Petunia (Fraley et al., 1983) y
de Helianthus annuus (girasol) (Murai et al., 1983) resistentes al antibiético kanamicina.
Posteriormente se logré producir plantas transgénicas con caracteristicas importantes
como resistencia a herbicidas, insectos y virus, control de la maduracion de frutos,
resistencia a condiciones adversas como estrés hidrico (Dai et al., 2001), alcalinidad,
salinidad (Mohanty et al., 2002) y frio (Huang et al., 2002).

La transformacién genética de plantas ofrece la posibilidad de introducir genes
estructurales de rutas metabolicas con el fin de incrementar la biosintesis de metabolitos
secundarios. Los estos estudios de ansformacién genética en plantas han abierto
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produccién de camptotecina, un metabolito utilizado en el tratamiento de varios tipos de
cancer (Lorence y Nessler, 2004), y un modelo de cultivo de raices transformadas de
Atropa belladona en el que la enzima que convierte hiosciamina a escopolamina esta
sobreexpresada para aumentar la produccién de escopolamina (Chandra y Chandra,
2011).

1.3 Los terpenoides

Los terpenoides o isoprenoides son grupo de metabolitos sintetizados por todos los
organismos y son tal vez el grupo de productos naturales mas diverso. Se han descrito
decenas de miles de isoprenoides y la mayor diversidad de estos metabolitos se presenta
en las plantas (Figura 1.7) (Eisenreich et al., 2001 y 2004). Los isoprenoides tienen una
gran variacion estructural; pueden ser desde ser aciclicos, monociclicos y policiclicos
(Sacchettini y Poulter, 1997) y ademas presentan diferentes funciones bioldgicas que
incluyen participacion en la fotosintesis {carotenoides, clorofilas, plastoquinonas) y en la
respiraciéon (ubiquinona), ademas de actuar como hormonas (esteroides), reguladores de
crecimiento (giberelinas, acido abscisico, brasinoesteroides, estrigolactonas), moléculas
protectoras contra patégenos, como atrayen , como aromas y sabores etc. (Wanke, et
al., 2001, Enfissi, et al., 2005). Todos los isoprenocides derivan de dos unidades basicas,
el isopentenil difosfato (IPP) y su isomero dimetil-alil difosfato (DMAPP). Estos dos
bloques estructurales se unen en diferente nimero y sufren diversas modificaciones como
ciclizaciones, oxidaciones e hidroxilaciones a través de diferentes reacciones enzimaticas
para producir la gran diversidad de isoprenoides que se clasifican de acuerdo al numero
de unidades basicas que los constituyen, (Figura 1.8) (McGarvey y Croteau, 1995; Dewick
2002; Dubey et al., 2003).
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Figura 1.8 Formacién y clasificacién de terpenos (Tomado de Dewick 2002).
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Cuadro 1.1 Distribucion en la naturaleza de las vias de MVA y MEP en la biosintesis de
terpenocides (Tomado y modificado de Eisenreich et al., 2001).

Bacterias
Archaea
Hongos
Algas
Plantas
+ Plastidos
e Citosol
Protozoarios

Animales

1.3.1.1 La via del mevalonato (MVA)

La via MVA (Figura 1.9A) se caracteriz6 hace casi 50 afios y durante mucho tiempo se le
considerdé como la via universal para la sintesis de IPP y DMAPP. Esta via inicia a partir
de la condensacién de tres moléculas de acetil-coenzima A (CoA) por la accién de tres
enzimas para formar 3-hidroxi-3-metilglutaril-conezima A (HMG-CoA) la cual, después de
ser reducirda por dos moléculas de nicotinamida adenina dinucleétido fosfato reducida
(NADPH), produce acido mevalbnico, el primer intermediario comprometido de esta viay
de donde deriva su nombre. El acido mevaldnico, a su vez es transformado en IPP
después de consumir tres moléculas de ATP y pérdida de CO.. Finalmente, la enzima PP
isomerasa (ID) utiliza este producto como sustrato para generar DMAPP (Rohmer, 1999;
Dubey, 2003). De los muitiples estudios bioquimicos, genéticos y moleculares de la via
del mevalonato destaca la identificaciéon de la enzima 3-hidroxi-3-metil-glutarii CoA
reductasa (HMGR) como uno de los pasos limitantes de la ruta. La HMGR estéa codificada
por una familia de genes cuyo nimero varia en diferentes especies. Estos genes estan
sujetos a una regulacion compleja, incluyendo multiples sefiales ambientales y expresion
tejido especifica. Sin embargo, la caracterizacion bioquimica de la enzima HMGR es
todavia limitada debido, entre otras cosas, a lo dificil de su purificacién. Uno de los logros
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1.3.1.3.1 Estudios usando precursores a partir de 13C acetato

Los precusores derivados de '*C-acetato son importantes para estudiar o confirmar el
origen biosintético de terpenos cuya biosintesis derivan de la via MVA, esto tomando en
cuenta que la via MVA inicia con la condensacion de tres unidades de acetil CoA. El
patrén de enriquecimiento en las unidades de isopreno dependera del atomo de carbono
marcado en el precursor de acetato, i.e. si el precursor es [1-'°C4] acetato, las unidades
de isopreno se enriqueceran en las posiciones C-1 y C-3, pero si es [2-'3C,] acetato las
unidades de isopreno se enriqueceran en las posiciones C-2, C-3 y C-4 (Figura 1.13). El
uso de [1,2-3C;] acetato permitird la formacién de dos isotopdlogos que lleven dos
carbonos marcados adyacentes ([1,2-*C 'y [3,5-"°C3]) o un isotopdlogo que esté
marcado en un solo atomo de carbono ([4-'3C,] isotopélogo) en las unidades isoprénicas,
esto debido a que en la ruta MVA dos de las unidades de acetil CoA se incorporan de
forma intacta, en tanto que una de ellas sufre una decarboxilacién (Eisenreich et al.,
2004).
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Figura 1.13 Enriquecimiento de unidades de isopreno via MVA. Con: A) [1-3C1] acetato y B)
[2-13C4] acetato.

Los estudios de incorporacién de precursores de '*C-acetato permitieron establecer el
origen biosintético de verrucosan-2B-ol (15), un diterpeno de la clase de los verrucosanos
producido por Ia bacteria Chloroflexus aurantiacus. La incorporacion de [1-°*C4], [2-*C1] ¥
[1,2-1°C;] acetato y el andlisis por Rl...« del metabolito obtenido en cada caso, mostré que
ocho de los carbonos del diterpeno (15) se enriquecieron al utilizar [1-"3C+] acetato (Figura
1.14A) y 12 al utilizar [2-1°C4] acetato (Figura 1.14B), en ambos casos los patrones de
enriquecimiento en las unidades de isopreno « dio en las posiciones sefialadas en la
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1.3.1.3.2 Estudios usando precursores a partir de *C 1-Desoxi-D-xilulosa

Tomando en cuenta que la condensacién de piruvato y gliceraldehido-3-fosfato genera 1-
desoxi-D-xilulosa-5-fosfato en la via MEP, los precursores derivados de este intermediario
facilitan el estudio de terpenos pror ientes de esta via. La marca de la unidad del
precursor serd la clave para los enriquecimientos observados en las unidades de
isopreno. Por ejemplo el precursor [1-°C,4] 1-desoxi-D-xilulosa formard unidades de
isopreno con enriquecimiento en la posicion C-5, en tanto que [3,4,5-"*Cs] 1-desoxi-D-
xilulosa formara unidades isoprénicas con enriquecimientos en las posiciones C-1, C-2 y
C-4 (Figura1.15 Ay B).

Via MEP

B 5

Figura 1.15 Enriquecimiento de unidades de isopreno via MEP. Con: A} [1-'3C1] 1-Desoxi-D-
xilulosa y B) [3,4,5-13Cas] 1-Desoxi-D-xilulosa-5-fosfato.

La incorporacion de precursores de 1-Desoxi-D-xilulosa fue utilizada para el estudio de la
biosintesis de lamalbido (16), un iridoide glicosilado, aislado de Lamium barbatum
(Lamiaceae). Los resultados demostraron que la [3,4,5-3C;] 1-desoxi-D-xilulosa-5-fosfato
se incorpora a la estructura del lamalbido siguiendo el patréon de enriquecimiento
esperado para la ruta de biosintesis de la via MEP (Figuras 1.15B y 1.16A) (Heng et al.,
2010).
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La incorporacion de [1-3C4] glucosa a las flores de M. recutita permitié confirmar el origen
biosintético de las unidades de isopreno en FPP (19), como parte de la biosintesis de los
sesquiterpenos bisaboléxido A (17), y chamazuleno (18). El perfil de los atomos de
carbono enriquecidos observado en el *C RMN de los sesquiterpenos mostré que las dos
primeras unidades de isopreno provienen de la ruta MEP y que la tercera unidad se
origina de una combinacién de las rutas MVA y MEP (Figura 1.20) (Adam y Zapp, 1998).

\h
A8

N : . ' 2
; L B

18 19

Figura 1.20 Enriquecimientos observados en el bisaboléxido A (17), chamazuleno (18) y FPP
(19) a partir de [1-3C+) glucosa (Tomado de Adam y Zapp, 1998).

Los estudios de incorporacion de [1-3C4] glucosa a los sesquiterpenos ricciocarpina (20)
de Ricciocarpos natans y cubebanol (21) de Conocephalum conicum, revelaron que las
unidades de isopreno de ambos metabolitos presentan un patrén de enriquecimiento

caracteristico de un origen biosintético via MVA (Adam et al., 1998).
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24

Figura 1.25 Espectro parcial '*C RMN de hiperforina (24) obtenido a partir de los experimentos
de incorporacién de '3COz, en donde se indican las constantes de acoplamiento. El asterisco
sefala una impureza (Tomado de Ostrozhenkova, 2009).
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Urechitol A

Figura 1.26 Posible origen biosintético del urechitol A a partir de matricina (25)
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CAPITULO II

ESTABLECIMIENTO DE CULTIVOS IN VITRO DE PENTALINON
ANDRIEUXII!

2.1 INTRODUCCION

El cultivo de células vegetales ha surgido como una alternativa para la obtencion de
metabolitos producidos en las plantas en bajas concentraciones y de alto valor agregado,
para los cuales, no existen procesos de sintesis quimica conocidos; sin embargo, para la
implementacién de esta tecnologia es necesario el desarrollo de estrategias que permitan
incrementar la productividad de los cultivos in vitro (Arias-Zabala et al., 2009). Los callos
son agregados celulares amorfos que surgen del crecimiento deorganizado de explantes
sobre un medio de cultivo especifico en condiciones asépticas. Estos agregados no
corresponden con ningun tejido particular de la planta completa. (Whaby, 2007). Uno de
los principales del cultivo de callos es la obtencion de suspensiones celulares. En muchos
casos, para obtener suspensiones celulares finas, es adecuado aumentar la friabilidad
(callo disgregado y esponjoso) del tejido calloso por incremento de la concentracion de la
auxina o disminucion de la citocinina en el medio de crecimiento (Pérez-Bran, 2010). A
partir de los cultivos de callos y células en suspension, se puede lograr la produccién de
nuevos metabolitos que en la planta de origen no se detectan, o bien el incremento en la
produccion de aquellos que son sintetizados a bajas concentraciones. Aun cuando es
deseable contar con cultivos controlados, estos pueden presentar ciertas desventajas
como son las variaciones somaclonales y mutaciones que se acumulan a través de los
subcultivos y la baja o nula produccién de los metabolitos de interés; por lo que en
ocasiones se prefieren los cultivos de tejidos organizados como son las raices, las cuales
presentan un alto potencial biosintético. Sin embargo, los cultivos de raices presentan
problemas importantes al intentar escalarlos a volumenes mayores (Shuler y Hallsby,
1985). La regeneracion de plantas se puede lograr por dos vias: organogénesis y
embriogénesis somatica. La priemra via es la mas clasica, habiéndose publicado cientos
de trabajos desde los inicios del cultivo in vitro, siendo la que ha llevado a estas técnicas
al ambito comercial de las plantas ornamentales. La forma mas comun de regeneracion, y

'Antes de iniciar los trabajos de obtencién de raices transformadas de P.andrieuxii se comprobé que la
especie era susceptible a las transformacion genética con A. fumefaciens. Lo realizado al respecto, fue
publicado en la revista Advances in Bioscience and Biotechnology, 2012, 3, 256-258. Anexo al final del
Capitulo .
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la que presenta mayores garantias de estabilidad genética, es la induccién de yemas
axilares, seguida del enraizamiento de las mismas (Frampton et al., 1998; Deshpande et
al., 1998). Los estudios sobre obtencién de metabolitos secundarios se han incrementado
durante los ultimos afios, ademas que la biotecnologia vegetal ha demostrado
ampliamente que la generaciéon de plantas transgénicas destinadas a la produccién de
alimentos y compuestos biolégicamente activos es la alternativa mas viable (Calva-Calva,
G. y Pérez-Vargas, J., 2005; Bourgaud et al., 2001). Usando cultivo de células vegetales
se ha logrado la producciéon de una amplia variedad de compuestos (tiles incluyendo
saborizantes, colorantes, aceites esenciales, edulcorantes, antioxidantes y farmacos e
inclusive se han desarrollado varios sistemas de cultivos a gran escala (Alfermann y
Petersen, 1995). Una de las estrategias para incrementar la acumulacién de metabolitos
secundarios es la transformacion genética, la cual se logra introduciendo el ADN-T del
plasmido de Agrobacterium al genoma vegetal (Yang y Choi, 2000). La obtencién de
raices transformadas o peludas mediante la infeccién con Agrobacterium rhizogenes ha
sido planteada como una estrategia para incrementar la produccién de la biomasa, y por
lo tanto de los metabolitos en plantas cultivadas in vitro, ademas de que en éstas se han
estudiado la adicién de precursores y otras estrategias mas exitosas como la incitacion
para incrementar la produccién de estos metabolitos, la cual consiste en aplicar estrés
fisico o quimico a las suspensiones celulares y/o los tejidos para que aumenten la
producciéon de metabolitos a niveles que normalmente no se producen (Pifieros-Castro et
al., 2009; Weathers et al., 2010). Las raices transformadas tiene la capacidad de
continuar creciendo de una manera auténoma, aun separadas de la planta madre, si son
cultivadas in vitro. Los cultivos de raices presentan muchas ventajas en comparacion con
el cuitivo de células y raices sin transformar. Algunas de estas ventajas es una mayor
estabilidad genética, un crecimiento acelerado y una mayor productividad de metabolitos
secundarios (Loaiza y Valerde, 20086).

En este capitulo se presenta la estrategia de cultivo de tejidos vegetales in vitro en P.
andrieuxii desde el protocolo para la germinaciéon de las semillas asi como la formacién de
tejido calloso monitoreando la produccion de urechitol A. De igual manera se describe la
obtencién de un sistema de raices transformadas de P. andrieuxii con el objetivo de
establecer un sistema de cultivos in vitro para la produccién de terpenocides que permita

realizar estudio de la biosintesis de los urechitoles.
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frascos con el medio de cultivo fueron previamente esterilizados en autoclave durante 20
min.

2.- Los frascos se limpiaron en una campana de flujo laminar estéril previamente limpiada
con etanol al 70% y algodén estéril; las pil__ s se esterilizaron y enfriaron con agua estéril
y se colocaron 7 semillas/frasco.

3.- Las tapas se flamearon, se taparon los frascos y se incubaron en el cuarto de cultivo a
una temperatura de 25 °C, en obscuridad total, durante aproximadamente dos semanas.

4 .- Las plantulas de semillas germinadas en estas condiciones se pasaron al cuarto de luz
continua y se utilizaron para los siguientes experimentos.

2.2.3 Induccion de callos

Para inducir callos de P. andrieuxii se utilizaron segmentos de hojas, hipocoétilos y raices
de plantas crecidas durante dos semanas en luz continua bajo condiciones asépticas. La
campana, pinzas, bisturi y los frascos con medios de cultivo se limpiaron con etanol al
70%. Las pinzas y el bisturi fueron esterilizados en cada manipulacién del material
biolégico:

2.2.3.1 Resiembra.

Con la ayuda de pinzas se procedi6 a extraer de los frascos las plantulas de semillas
germinadas bajo condiciones asépticas y se colocaron en cajas de Petri para luego
cortarlas en secciones con el bisturi. Los hipocétilos y las raices se cortaron de 1 cm de
largo; las hojas se cortaron en dos segmentos iguales tomando en cuenta que las hojas
de las plantulas tenian aproximadamente el mismo tamafio. Ya cortados los explantes de
cada tejido, se colocaron en los frascos con el medio de cultivo con diferentes
concentraciones de thidiazurén (TDZ), procurando que el lado cortado estuviera en
contacto con el medio de cultivo. En cada frasco se colocaron cuatro segmentos de cada
explante. Por ultimo se taparon los frascos y se incubaron en el cuarto de cultivo a 25 °C
bajo luz continua, durante 60 dias y con una resiembra a los 30 dias. Para cada
combinacion de medio se realizaron un total de 5 réplicas por cada tipo de explante
(hipocétilo, hoja y raiz).
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2.2.3.2 Tratamientos.

Para inducir la formacion de callos se probaron diferentes concentraciones del regulador
de crecimiento TDZ en medio semisélido PC (TDZ 0.00, 0.01, 0.05, 0.10, 0.15, 0.25, 0.35,
0.50, 1.00, 5.00 uM).

2.2.3.3 Mantenimiento de callos.

Una vez inducidos los callos de los explantes (hipocotilo, raiz y hoja), estos fueron
mantenidos en medio semisélido PC con 5 uM de TDZ en el cuarto de cultivo bajo luz

continua para su proliferacion.

2.2.4 Cultivo de raices normales

2.2.4.1 Cultivos de raices in vitro tratadas con reguladores de crecimiento
acido indolbutirico (IBA) y acido naftalenacético (ANA)

Para el cultivo de raices normales, se preparé medio PC liquido con acido naftalenacético
(ANA) y acido indolbutirico (IBA) a 3 concentraciones en 5 matraces Erlenmeyer de 250
mL con 100 mL de medio cada uno, los cuales sumaron un total de 30 matraces
Erlenmeyer para el experimento de proliferacién de las raices normales. Para cada
regulador de crecimiento se probaron las concentraciones de 1, 2.5 y 5 mg/L, los cuales
se esterilizaron en autoclave a 121 °C por 20 minutos. Encada matraz de Erlenmeyer se
colocaron 3 gramos de raices normales y se incubaron en un orbitador a 25 + 2 °C en luz
continua a una densidad de flujo de fotones de 40-60 mol m? s provista por lamparas
fluorescentes (Philips, USA), por un periodo de 30 dias. Se utilizé como control un cultivo
de raices libre de reguladores de crecimiento.
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2.2,5 Transformacion genética de P. andrieuxii via Agrobacterium
rhizogenes.

2.2.5.1 Cepa A. rhizogenes ATCC 15834

La cepa utilizada para esta investigacién fue donada por la Dra. Maria Luisa Villarreal de
la Universidad Auténoma del Estado de Morelos y fue mantenida en medio semisélido YM
(K2HPO4 500 mg/L, MgS04.7H.0 200 g/L, NaCl 100 mg/L, Manitol, 1 g/L, Extracto de
levadura 400 mg/L, Agar 10 g/L, pH 7.2) libre de antibiético.

2.2.5.2 Transformacion genética de explantes de P. andrieuxii via A.

rhizogenes

1.- La cepa ATCC15834 de A. rhizogenes se inoculé en 20 mL de medio YM y se
mantuvo a 200 rpm durante 48 horas en un orbitador en oscuridad continua, a 200 rpm.

2.- Se tomaron 200 plL del cultivo de A. rhizogenes y se inocularon en 10 mL de medio YM
y el nuevo cultivo se incubé por 24 horas en un orbitador en oscuridad continua a 200
rpm.

3.- Al cultivo generado en el paso 2 se agregaron 10 mL de medio YEB y 10 uL de una
solucién de acetosiringona 200 mM. E! cultivo se incubé de nuevo en el orbitador a 200
rpm en oscuridad continua, durante 5 horas y a 200 rpm.

4..- En una capsula de desecaciéon protegida de la luz se pusieron en contacto, por
infiltracién durante 20 minutos, explantes (hipocétilo, raiz y hoja) de plantulas germinadas
in vitro de P. andrieuxii de dos meses de edad y el cultivo bacteriano del paso 3 (D.O. =

0.1) adicionado con 25 ul de acetosiringona (200 mM)

5.- Los diferentes explantes se secaron con una toalla de papel, y se colocaron en cajas
de Petri en medio PC semisolido libre de regulador de crecimiento y se mantuvieron en
cocultivo durante 5 dias en obscuridad.

6.- Se transfirieron los tejidos de 5 dias de transformacién a frascos conteniendo medio
PC semisélido y claforan (500 mg/L).

7.- Como testigo, se utilizaron explantes de P. andrieuxii sin transformar y sembrandolos
en medio PC semisélido y medio PC con claforan (500 mg/mL).
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2.2.6 Preparacion de extractos

2.2.6.1 Preparacion de fracciones de polaridad media de a partir de tallo,

hojas y raiz de plantas silvestres de P. andrieuxii.

Tallo (52.5 g), hojas (13.1 @) y raiz (469 g) de P. andrieuxii secos y malidos fueron
extraidos por maceracibn con metanol a temperatura ambiente. Se realizaron 4
extracciones usando 500 mL por cada 250 g de material vegetal. Al término de cada
extracciéon el disolvente fue decantado, filtrado y evaporado a presién reducida
obteniéndose 5.3 g de extracto metandlico de tallo (RPA-4),1.6 g de extracto de hoja
(RPA-5) y 47 g de extracto de raiz (RPA-1). Se tomaron de los diferentes extractos
metandlicos de los tres tejidos [raiz (47 g), tallo (698. 2 mg) y hoja (552.6 mg)] y fueron
extraidos por sonicacion con CHxCl> durante una hora (3x). Para cada extraccion se utilizé
70 mL de CH.Cl,, obteniéndose las correspondientes fracciones de polaridad media de
tallo (RPA-19A, 177.5 mg, 25.42 % ), de hoja (RPA-19B, 54.7 mg, 9.89 %) y de raiz (12.4
g, 26.38 %).

2.2.6.2 Preparacion de fracciones de polaridad media a partir de raiz,

hipocétilo y hojas de plantulas germinadas in vitro de P. andrieuxii.

Plantulas de P. andrieuxii de dos meses de edad germinadas in vitro fueron seccionadas
en hipocdtilo, hoja y raiz. Los diferentes tejidos fueron cortados, secados por 48 horas a
temperatura ambiente [hoja (3.5 g), hipocotilo (4.6 g) y raiz (4.7 g)] y extraidos por
maceracién con metanol por 24 horas tres veces. Después de cada extracciéon el
disolvente fue removido por decantacién y eliminado a presion reducida en un rotavapor
dando lugar a los correspondientes extractos metandlicos crudos de hoja (RPA-17C,
1.18g, 33.27 %), hipocdétilo (RPA-17B, 812.2 mg, 17.40 %) y raiz (RPA-17A, 711.1 mg,
15.12 %) de plantulas de P. andrieuxii. Los extractos metanodlicos de cada tejido fueron
extraidos por sonicacion con CH.Cl, durante una hora (3x). Para cada extraccion se utilizé
70 mL de CH.CI,, obteniéndose las correspondientes fracciones de polaridad media de
raiz (RPA-20A, 63.3 mg, 8.90 %) de hipocétilo (RPA-20B, 96.0 mg, 11.81 %) y de hoja
(RPA-20C, 259.9 mg, 21.69 %) de plantulas in vitro de P. andrieuxii.

69



Capitulo Il

2.2.6.3 Preparacion de fracciones de polaridad media a partir de los callos
formados a partir de raiz, hipocétilo y hojas de plantulas de P. andrieuxii.

Los callos de hoja (1.9 g), hipocétilo (5.7g) y raiz (2.4 g) de P. andrieuxii fueron secados a
temperatura ambiente y extraidos por maceracion con metanol por 24 h (3x). Al final de
cada extraccién el solvente fue removido por decantacion y eliminado a presion reducida
en un rotavapor dando lugar a los correspondientes extractos metandlicos crudos de
callos de raiz (RPA-18A, 697.5 mg, 28.50 %), hipocétilo (RPA-18B, 738.8 mg, 12.80 %) y
hoja (RPA-18C, 234.9 mg, 12.00 %) de P. andrieuxii. Los diferentes extractos metanélicos
fueron extraidos por sonicacién con CH.Cl, durante una hora (3x). Para cada extraccion
se utilizé 70 mL de CH.Cl,, obteniéndose las correspondientes fracciones de polaridad
media de callos de raiz (RPA-21A, 15.9 mg, 2.27 %) de hipocétilo (RPA-21B, 29.6 mg,
4.00 %) y de hoja (RPA-21C, 25.4 mg, 10.81 %) de P. andrieuxii.

2.2.6.4 Preparacion de fracciones de polaridad media a partir del cultivo de
raices normales in vitro de P. andrieuxii tratadas con acido indolbutirico
(IBA) y acido naftalenacético (ANA)

Las raices secas cultivadas in \.. ) de P. andrieuxii fueron extraidas con MeOH por
separado segun el tratamiento con cada regulador de crecimiento a las concentraciones
correspondientes. Se hicieron los cultivos utilizando tres diferentes concentraciones de
cada regulador de crecimiento: 1, 2.5 y 5 mg/L y utilizdndose como control raiz cultivada
libre de regulador de crecimiento. Los extractos metandlicos correspondientes fueron
extraidos por sonicacion con CH,Cl, en un bafio de ultrasonido durante 30 minutos (3x).
Para cada extracciéon se utilizé 70 mL de CH:Cl,, obteniéndose las correspondientes
fracciones de polaridad media. Los rendimientos de las fracciones diclorometanicas
fueron de 16.63%, 14.90% y 5.91% 1ra los tratamientos con IBA y 7.50%, 29.10% y
7.81% para los tratamientos con ANA.

2.2.6.5 Preparacion de fracciones de polaridad media a partir del cuiltivo de
raices transformadas a partir de hojas de P. andrieuxii con la cepa A.
rhizogenes ATCC 15834.

Una muestra de raices transformadas de P. andrieuxii cultivadas en medio PC liquido con
claforan 500 mg/L, fueron secadas y molidas (2.64 g) y posteriormente extraidas con
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algun metabolito de interés con diferentes aplicaciones, tal es el caso de la produccion de
shikonina por células de Lithospermun erythrorhizon, de Taxol por células de Taxus spp
(Zhao et al., 2005) y la produccion de azadiractina, un metabolito con actividad insecticida,
por Azadirachta indica (Orozco-Sanchez y Rodriguez- Monroy, 2007). Por otra parte, la
produccién de ciertos metabolitos secundarios solamente se da en células presentes en
tejidos diferenciados. Por ejemplo la acumulacién de terpenocides depende de la
diferenciacion de plastidos, debido a que la mayoria de las enzimas de la ruta de
biosintesis se localizan en estos organelos (Trejo-Tapia y Rodriguez-Monroy, 2007), es
por ello que como alternativa a las suspensiones celulares se ha considerado el uso de
sistemas in vitro diferenciados como son brotes y raices, que si bien presentan
rendimientos mejores a los de las suspensiones celulares, desde el punto de vista
tecnoldgico su cultivo a gran escala es mas complejo y costoso (Verpoorte et al., 2002).
Un ejemplo de la estrecha relacién entre la biosintesis de un metabolito secundario y la
diferenciacion celular en plantas, se presenta el caso de los alcaloides indélicos, cuya
biosintesis es muy compleja y no se conocen todas las enzimas involucradas, ni los
mecanismos que regulan su biosintesis. La distribucién de las enzimas involucradas en la
biosintesis de alcaloides inddlicos se localizan en células epidérmicas de tallo, hoja,
botones florales, etc., mostrando de esta manera que la biosintesis de estos alcaloides
requiere de células de diferentes tipos y con determinadas caracteristicas, ademas de la
especializacion celular que involucra a multiples compartimentos celulares (Roberts y
Strack, 1999; St-Pierre et al, 1999).

Tomando en cuenta que dependiendo de la ruta biosintética de los metabolitos, la
biosintesis se puede realizar en tejidos no diferenciados (tejido calloso) o en tejidos
diferenciados, en el caso de urechitol A se presenta un ejemplo de metabolito que
necesita sintetizarse a partir de un tejido diferenciado (hoja). Este resultado nos condujo a
disefiar una estrategia de cultivo in vitro, como son los cultivos de raices normales y/o
raices peludas, que nos permitieran trabajar con tejidos diferenciados de tal manera que
lograramos obtener la produccién de urechitol A.

2.3.4 Analisis por CG-EM de los cultivos de raices normales de P. andrieuxii.

Se establecieron cultivos de raices normales de P. andrieuxii en medio PC liquido
empleando los reguladores de crecimiento IBA y ANA a concentraciones de 1, 25y 5
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mg/L respectivamente. Aln, cuando los cultivos de las raices de plantulas in vitro de P.
andrieuxii mostraron el mejor desarrolio cuando se usé la auxina ANA a una
concentracion de 2.5 y 5 mg/L (Figura 2.5), el analisis por CG-EM de los extractos
correspondientes mostré que ninguno de los cultivos de raices in vitro contenia urechitol
A. Lo anterior es congruente con el supuesto de que la hoja es el sitio de biosintesis y la
raiz el sitio de acumulacién. Por lo que considerando estos resultados se planteé el
establecimiento de un sistema de raices transformadas a partir de hojas de P. andrieuxii.

Figura 2.5 Cultivo de raices normales con tratamientos con IBA y ANA. A y E: controles
(cultivos libres de reguladores de crecimiento), B. ANA 1 mg/L, C: ANA 2.5 mg/L, D: ANA 5
mg/L, F: IBA 1 mg/L, G: IBA 2.5 mg/L y H: IBA 5 mg/L.

2.3.5 Establecimiento de un « tivo de raices transformadas de P. andrieuxii

Debido a que los andlisis por CG-EM de las fracciones de CHCl; correspondientes al
cultivo de raices normales de P. andrieuxii in vitro, no mostraron la presencia de urechitol
A, se establecio el cultivo de raices transformadas a partir de hojas de P. andrieuxii
utilizando la cepas de A. rhizogenes.

Antes iniciar los trabajos de obtencién de raices transformadas, comprobamos que la
especie era susceptible a la transformacién con Agrobacterium. Lo realizado al respecto,
quedo integrado en la publicaciéon anexa al final de este capitulo.

Para lograr el objetivo definido en esta seccion, se utilizaron tres cepas de A. rhizogenes
(ATCC 15834, ATCC 15834PTDT y K599 PTDT) proporcionadas por la Dra. Maria Luisa
Villarreal de la Universidad Autdnoma del Estado de Morelos, para infectar explantes de
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crecimiento de estos cultivos, su estabilidad genética, su facilidad de mantenimiento y la
capacidad para sintetizar un amplio espectro de compuestos quimicos, hacen que los
cultivos de raices transformadas se presenten como una tecnologia atractiva para la
produccion de metabolitos secundarios de las raices de plantas (Mehrotra et al., 2010). En
los ultimos afios se han descrito en la literatura cientifica, como fuente de productos
naturales, cultivos de raices transformadas de aproximadamente doscientas especies de
plantas en los que se puede observar un amplio rango de capacidades biosintéticas
(Amador, 2010).

Algunas especies vegetales que han sido transformadas con A. rhizogenes, entre ellas los
cultivos de Galphimia glauca, presentan la particularidad de excretar diversos metabolitos
secundarios al medio de cultivo, en el caso de esta especie los triterpenos glaucacetalinas
Ay D fueron aislados del medio de cultivo (Ortiz-Caltempa, 2008). Tomando en cuenta,
que muchos de los metabolitos secundarios de interés se pueden excretar al medio de
cultivo, esto representa una forma de obtencion de los mismos a partir de la extraccién del
medio de cultivo, de igual manera, si se desea se puede hacer uso de algun incitador y
asi aumentar la produccién del metabolito excretado (Weathers et al., 2010). En el caso
de urechitol A que se excreta al medio de cultivo del sistema de raices transformadas a
partir de hoja, podria aprovecharse para probar algun incitador (elicitor), como el
jasmonato de metilo, o el acido acetilsalicilico, para estimular su produccion y poder asi
obtenerio a partir del medio de cultivo y sin sacrificar el cultivo de raices y con ello una
produccion continua del mismo.

2.4 CONCLUSIONES

El establecimiento de CTV's de P. andrieuxii se realizé con el fin de encontrar un sistema
que produzca urechitol A y pueda utilizarse como modelo para el establecimiento de la
ruta biosintética de los urechitoles.

Al establecerse el protocolo de germinacion in vitro de semillas de P. andrieuxii, se logré
detectar urechitol A, Unicamente en la fraccion proveniente de hoja.

Por otra parte se pensé que obteniendo tejido calloso de las hojas de P. andrieuxii se
lograria un cultivo que produjera urechitol A. Al realizar la induccién de callos en los tres
tejidos (hoja, raiz e hipocétilo) no se detectd en ninguna de las fracciones urechitol A. Los
cultivos de raices normales no resultaron en la producciéon de urechitol A por lo que con
base en esto, se realizé la transformacion genética de las hojas via A. rhizogenes, para la
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cual se determiné que urechitol A se excretaba al medio de cultivo de las raices

transformadas en una de las lineas genéticas obtenidas, pero en pequefias cantidades.

Una de las formas para poder incrementar la produccién de urechitol A es el uso de
elicitores, por lo que el empleo de éstos podria tomarse como estrategia a probar en los
siguientes estudios.

Con lo obtenido de los CTV's de P. andrieuxii hasta el momento, podemos afirmar lo
siguiente:

Contamos con el modelo de raices transformadas, para la produccion de urechitol A que
nos permitira utilizario como herramienta basica para estudios de su biosintesis.

La raiz es el sitio de acumulacion de los urechitoles.

La hoja es el lugar de biosintesis de los urechitoles.
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2.6 AGROBACTERIUM-MEDIATED TRANSIENT TRANSFORMATION OF
Pentalinon andrieuxii MULL. ARG.

Alejandro Yam-Puc', Elidé Avilés-Berzunza'?, Manuel J. Chan-Bacab?®, Luis Manuel Pefia-
Rodriguez’, Gregorio Godoy-Hernandez'*

2.6.1 Descripcion del manuscrito

El trabajo presentado a continuacién contiene los resultados de la susceptibilidad de
Pentalinon andrieuxii a la transformacion genética via Agrobacterium tumefaciens. Este
trabajo se encuentra publicado en Advances in Bioscience and Biotechnology (2012), 3,
256-258.

2.6.2 Abstract

Sections of hypocotyls, roots and leaves from Pentalinon andrieuxii plantlets were
transiently transformed with Agrobacterium tumefaciens LBA4404 bearing the binary
plasmid pCAMBIA 2301 with an interrupted B-glucuronidase (GUS) gene. Histochemical
GUS assays showed transient gene expression in all infected tissues, being older roots
those which displayed the most intense GUS staining. To our knowledge, this is the first
report of Pentalinon andrieuxii susceptibility to Agrobacterium tumefaciens-mediated

genetic transformation.

Keywords: B-Glucuronidase; Agrobacterium tumefaciens; Kanamycin; Apocynaceae

2.6.3 Introduction

Pentalinon andrieuxii Mull. Arg. (Apocynaceae), a plant commonly named “contrayerba” in
the Yucatan Peninsula, is used in the treatment of Leishmania’s skin lesions (“chiclero’s
ulcer”). Mayan healers also recommend chewing their roots and leaves to relieve ailments
derived from snake bites, and the stem-collected latex to alleviate headaches and nervous
disturbances [1, 2]. Cardenolides, pyrrolizidine alkaloids, steroidal compounds and
betulinic acid derivatives with different physiological activities have been found in
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tissues. Both genetic markers are driven by the CaMV 35S promotor. The presence of an
intron in uidA ensures expression in eukaryotic cells. A. tumefaciens was cultured in liquid
yeast extract and beef (YEB) medium, pH 5.6, containing 100 mg-I-' rifampicin and
streptomycin each (Sigma, St Louis, MO). Cultures were kept in the dark at 28°C for 48 h.
Bacteria were made competent with CaCl> and transformed with the plasmid via heat
shock [10]. Transformed cells, harboring pCAMBIA 2301, were screened on semisolid
YEB media with 100 mg-I~" rifampicin and streptomycin each, and 50 mg-I"! kanamycin
(YEB-AB), and then, cultured in 10 ml of liquid YEB-AB medium (pH 5.6). Cultures were
kept at 28°C for 48 h in a rotatory shaker (200 rpm). A 200-pi aliquot of this suspension
was diluted in 10 ml of YEB-AB, and further incubated for 24 h as described. Culture
volume was then comple to 20 ml with YEB-AB, and added with 200 yM acetosyrin-
gone (AS). This was incubated up to 5 h, prior to tissue inoculation.

2.6.4.3 Genetic transformation

Sections of hypocotyls, roots (10 mm length) and leaves (ca. 0.25 cm?) were excised from
15 day-old plantlets and superficially w nded in a longitudinal manner with a scalpel prior
to infection with A. tumefaciens. Explants were vacuum infiltrated with a 20 mi of a 0.1
ODeoo bacterial suspension in PC-L2 medium for 20 min. Tissues were then blotted with
sterile filter paper in order to eliminate ...2 bacterial excess, and placed on semisolid PC-
L2 medium for 72 h. After 3 days of cocultivation, at 28°C in the dark, explants were
transferred to semisolid PC-L2 medium ¢ plemented with 100 mg-I=' cefotaxime and 10
mg-I~ kanamycin for further development. Transient S expression was histochemically
assayed 3, 6 and 21 days after infection by staining transformed tissues with 5-bromo-4-
chloro-3-indolyl-8-D-glucuronide (X-GLUC) [11]. Briefly, 50 explants were vacuum-infil-
trated in the buffer solution for 5 min, and there after incubated for 24 h at 37°C in the dark
[12]. GUS activity was estimated by the number of blue spots per explant after washing
them in a 3:1 (v/v) mixture of methanol: acetone. A blue spot was considered as a single
transient GUS-expression focus.
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Cuadro 2.1 Infection frequency and number of GUS foci in P. andrieuxii explants

Explants Explant number Number of GUS Infection Number of GUS
positive explants frequency (%)’ foci/explants23
Young-root 450 15 3.33 1.00 (0)¢
Old-root 300 78 26.00 7.83 (3.5)2
Leaf 360 54 15.00 3.96 (0.8)
Hypocotyl 360 0 0 0

Histochemical analysis assays were performed on explants twenty one days after inoculation with
Agrobacterium tumefaciens strain LBA 4404: pCAMBIA 2301. 'Infection frequency (%) = number
of GUS positive explants/ total number of infected explants x 100. 2Number of GUS foci/explants,
was the average of GUS positive foci in at least three independent experiments with more of 100
explants each one, with standard deviation in brackets. 3Values with different letters statiscally

different (P= 0.05) according to Tukey'’s test.
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2.7 INFORMACION ADICIONAL
2.7.1 Agrobacterium tumefaciens cepa LBA4404 + pCAMBIA 2301

Se utilizé la cepa LBA4404 (tipo octopina) conteniendo el plasmido pCAMBIA 2301
(Center for the Application of Molecular Biology to International Agriculture) que contiene
el gen de la neomicina fosfotransferasa (ntpl/) bajo el control del promotor 35S del virus
del mosaico de la coliflor (CaMV) y el gen uidA (gusA) que codifica la enzima B-
glucuronidasa (GUS) con el intrdn de la catalasa para la expresién especifica en
eucariotas bajo el control del promotor 35S (Fig. 2.9). El gen reportero gusA es
ampliamente utilizado en plantas debido a la posibilidad de localizar la actividad de la
enzima histoquimicamente (Wilkinson y Lindsey, 1990).

Laci
Ca
IyA
order
CaM
Left |
anamycin

Figura 2 9 Estructura del piasmido pCAMBIA 2301
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3.2.1 ABSTRACT

Two pregnane derivatives (1 and 2) were isolated from the methanolic root extract of
Pentalinon andrieuxii, a plant used commonly in Yucatecan traditional medicine to treat
leishmaniasis. The structures of both metabolites were established using spectroscopic
methods and chemical correlation reactions. An X-ray structure of 1 is reported.

3.2.2 INTRODUCTION

The roots and leaves of Pentalinon andrieuxii Muell.-Arg. (Apocynaceae), a climbing plant
commonly known as “bejuco guaco”, “cantibteac” or “contrayerba”, are commonly used in
Yucatan traditional medicine to cure the lesions resulting from cutaneous leishmaniasis
(Chan-Bacab et al., 2003; Lezama-Davila et al., 2007); the root of the plant is also used to
treat snake bites and the latex is recommended to alleviate headaches and nervous
disorders (Argueta et al., 1994; Pulido and Serralta, 1993). Existing phytochemical
knowledge on the genus Pentalinon (formerly known as Urechites) is limited, with only two
reports, one describing its production of cardenolides and pyrrolizidine alkaloids with
antitumor and hepatotoxic activities (Tillequin et al., 1993), and the other describing the
isolation and identification of two structurally unusual trinorsesquiterpenes having the
novel campechane skeleton (Yam-Puc et al., 2009). As part of our continuing study of the
Yucatecan native flora as a potential source of bioactive metabolites, we wish to report
herein on the isolation and identification of the pregnanes 1 and 2 from the root extract of
P. andrieuxii.

3.2.3 RESULTS AND DISCUSSION

The dichloromethane-soluble fraction of the methanolic root extract of P. andrieuxii was
initially subjected to an acid—base extraction. Successive chromatographic purifications of
the neutral fraction using a combination of VLC and column chromatography, resulted in
the isolation of the secondary metabolites 1 and 2 in pure form. The ESI-MS of 1 showed a
protonated fragment ion peak at m 311 [M-2H,O+H]* which suggested an original
molecular formula of C21H300, for the parent secondary metabolite; this in turn indicated
the presence of seven unsaturation sites in the structure. The '3*C NMR spectrum of 1
(Table 3.1) showed the expected twenty one carbon signals, including one ester or lactone
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carbonyl carbon at 178.8 ppm and two olefinic carbons at 120.8 and 139.8 ppm. The
combined analysis of the "*C NMR spectrum and the HSQC experiment of 1 established
the nature of all carbon atoms as two methyl groups, eight methylene, six methine, and
five quaternary carbons. The chemical shift values of the carbons at 83.3 (methine), 85.3
(quaternary) and 71.4 ppm (methine) clearly indicated that they were all bonded to oxygen.
The presence of two oxygen-bearing methine groups in the structure of 1 was confirmed
by two one-proton signals at §3.49 (m) and §4.39 (c, J= 6.6 Hz) in its '"H NMR spectrum
(Table 3.1), with the low-field chemical shift of the second proton suggesting its being part
of an ester or lactone functionality. Additional signals in the *H NMR spectrum of 1
included a vinylic proton signal at §5.37 (t, J= 2.8 Hz), together with a three-proton singlet
at 4 1.03 and a three-proton doublet at § 1.33, indicating the presence of a trisubstituted
double bond and two methyl groups, one bonded to a quaternary carbon and another to a
methine, respectively. The spectroscopic data of 1 proved to be very similar to that
reported for the aglycone of amaloside C, a steroidal secondary metabolite with an extra
hydroxyl group at C8, isolated from Amalocalyx yunnanensis (Apocynaceae) (Shen et al.,
1993). The C-14 location of the tertiary hydroxyl group in the structure of 1 was
established by comparing the chemical shift (85.3 ppm) of the quaternary oxygenated
carbon in the 3C NMR spectrum of 1, with those reported for the oxygenated carbons C8
(76.1 ppm) and C14 (86.4 ppm) in amaloside C and similar pregnanes (Shen et al., 1993;
Hu et al., 1992). Alternatively, a 3J correlation observed in the HMBC experiment between
the protons of the C19 methyl group at 5 1.03 and the olefinic quaternary carbon at 139.8
ppm confirmed the C5 location of the double bond; similarly, the *J correlation observed
between the protons of the C21 methyl group at 6 1.33 and the methine carbon at 56.2
ppm, and the 2J correlation between the same protons and the oxygenated methine
carbon at 83.3 ppm, confirmed C21 being a secondary methyl group. Both the structure
and relative stereochemistry of 1 were confirmed unambiguously by a single-crystal X-ray
diffraction experiment (Figure 3.1). The spectroscopic data of 1 proved to be identical to
that reported for 3pB,14p,20-trihydroxypregn-5-ene-18-oic-(18-20)-lactone, a secondary
metabolite previously isolated from Ecdysanthera rosea Hook et Arn. (Apocynaceae)
(Luger et al., 1998) and recently reported as the hydrolysis product of the novel saponins
ecdysantherosides A and B (Zhu et al.,, 2011). The ESI-MS of 2 showed a fragment ion
peak at m/z 347 [M-H.O+H]* which suggested a molecuiar formula of C21H320s for the
parent secondary metabolite, and an extra oxygen atom and one less unsaturation site
than 1. The '"H NMR spectrum of 2 (Table 3.1) showed several differences when
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compared to that of 1; namely, the presence of two high-field three-proton singlets at &
1.58 and 0.94 corresponding to two methyl groups attached to quaternary carbons, the
presence of a single carbinol proton at § 4.12, and the absence of vinylic proton signals.
The presence of a secondary alcohol in the structure of 2 was confirmed by preparing the
corresponding acetylated and oxidized derivatives; the 'H NMR spectrum of the acetylated
derivative showed the expected shift to lower field of the carbinol proton (& 4.12-5.08),
while that of the oxidized derivative showed the expected absence of the carbinol proton
signal. The 3C NMR spectrum of 2 showed an ester carbonyl carbon at 175.8 ppm, a
hemiketal carbon at 113.1 ppm, and two additional oxygen-bearing carbons, one
quaternary at 91.4 ppm and one methine at 66.8 ppm. The presence of the hemiketal
group in the structure of 2 was confirmed when treatment of the natural product with
NaBH, yielded the expected reduction product. The '"H NMR spectrum of the reduction
product showed a new carbinol proton signal at § 4.38 and a three-proton doublet at &
1.35. On the basis of these results, metabolite 2 was identified as 3(3,145,20,20-
tetrahydroxy-5@3-pregn-18-oic-(18-20)-lactone, a new natural product. The assignment of
the cis configuration at the AB ring nction is based primarily on the chemical shift
observed for the C19 methyl group carbon (23.6 ppm) in the *C NMR spectrum of 2
(Table 3.1), since it is known that the signal for the ring junction methyl group carbon in the
cis isomer occurs 11-12 ppm downfield when compared to that of the same methyl group
in the trans isomer (Ayer and Pefia-Rodriguez, 1987; Wehrli and Nishida, 1979).
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Cuadro 3.1 NMR sbpectroscobic data of metabolites 1 and 2

No Met~~'te 1 Metabolite 2
BCNMR  'H NMK (3) C NMR HNMR (J)
() ©)]
1 37.2 (1) 1.85 (1H, m) 29.9 (1) 1.47 (1H, m)
1.91 (1H, m) 1.50 (1H, m)
2 26.6 (t) 2.21 (2H, m) 22.32 (t) 1.32 (1H, d, J= 4.6)
2.11 (1H, dd, J=2.6, 4.2)
3 71.4 (d) 3.49 (1H, hept, J= 5.6) 66.8 (d) 4.11 (1H, t, J=2.6)
4 41.9 (t) 2.23 (1H, m) 28.20 (t) 1.85 (1H, m)
2.31 (1H, m) 1.98 (1H, m)
5 139.8 (s) 34.6 (s) 1.66 (1H, m)
6 120.8(d)  5.37 (1H, t, J=2.8) 18.62 (t) 1.70 (2H, m)
7 34.7 (t) 1.80 (1H, m) 20.42 (t) 1.59 (1H, m)
1.84 (1H, m) 1.80 (1H, m))
8 38.9 (d) 1.96 (1H, d, J= 4.0) 36.1 (d) 1.77 (1H, m)
9 45.7 (d) 1.35 (1H, dd, J=4.0, 12.0) 38.9 (d) 1.74 (1H, m)
10 37.1 (s) 35.3 (s)
11 20.8 (t) 2.07 "4, m) 21.92 (t) 1.22 (1H, m)
2.10 (1A, m) 1.62 (1H, m)
12 31.3 (t) 1.80 (1H, m) 27.9° (t) 1.52 (1H, m)
1.85 (1H, m) 2.03 (1H, m)
13 59.7 (s) 59.2 (s)
14 85.3 (s) 91.4 (s)
15 33.4(t) 1.98 (1H, m) 33.3 (t) 1.37 (1H, m)
2.03 (1H, m) 1.92 (1H, m)
16 25.8 (t) 2.26 (2H, m) 25.6 (t) 1.18 (1H, m)
1.89 (1H, m)
17 56.2 (d) 2.18 (1H, m) 58.2 (d) 2.62 (1H, dd, J= 1.0, 3.7)
18 178.8 (s) 175.8 (s)
19 19.4 (c) 1.03 (3H, s) 236 (c) 0.94 (3H, s)
20 83.3 (d) 4.39 (1H, ¢, J=6.6) 113.1 (s)
21 21.4 (c) 1.33 (3H, d, J=6.4) 15.6 (c) 1.58 (3H, s)

Chemical shift values are given in parts per million (ppm) relative to the solvent signal (7.26 and
77.0 ppm for 'H and '3C NMR spectra, respectively); coupling constants are given in Hz.

abassignment of signals with similar letters can be interchanged.
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3.2.4 EXPERIMENTAL

3.2.4.1 General experimental procedures

Analytical TLC analyses were carried out using aluminum-backed silica gel (60F254)
plates (E.M. Merck, 0.2 mm thickness); the plates were first examined under UV light (A =
254 and 366 nm) and the various components in the chromatograms were visualized by
dipping the plates in a solution of phosphomolybdic acid (20 g) and ceric suifate (2.5 g) in
500 mL of sulfuric acid (5%), followed by drying and gentle heating. '"H NMR (400 MHz)
and *C NMR (100 MHz) spectra were obtained in CDCls;, on a Bruker Avance 400
spectrometer, using the residual CHCl; signal (7.26 and 77.00 ppm for 'H and '*C,
respectively) as reference. Mass spectra were performed with a JEOL-JMS-SX102 and
ESI-HRMS (electrospray ionization mass) with the Waters Q-TOF microsystem using 0.1%
phosphoric acid in a 1:1 water/acetonitrile mixture as reference. IR spectra were recorded
in CHCls (film) using an FT-Nicolet Magna Protégé 460 spectrophotometer.

3.2.4.2 Plant material

The roots of P. andrieuxii were collected in April 2006 from a field located 3.5 km northeast
of the city of Campeche, on the road to China, Campeche, México. The plant was
identified by taxonomist Paulino Sima-Polanco, and a voucher specimen has been
deposited in the herbarium of the Unidad de Recursos Naturales of the Centro de
Investigacion Cientifica de Yucatan (CICY) under the collection humber PSima-2245 and
folio number 46178.

3.2.4.3 Extraction and isolation

The plant material was washed with tap water and dried, first for a week at room
temperature and then for 72 h in an oven at 55 °C. The dry roots (595 g) were cut, ground,
and extracted four times with MeOH (2 L), at room temperature. The extracts were
combined and the solvent was removed under reduced pressure to produce 60.2 g of
crude methanolic extract. Sonication (ultrasound bath Cole-Parmer 8853) of the crude
methanolic extract with CH2Cl, (500 mL) for 24 h yielded 18.2 g of a medium-to-low
polarity fraction, which was then subjected to an acid—base extraction to produce the
corresponding acidic (654.6 mg), basic (596.2 mg), and neutral (3.27 g) fractions.
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Successive VLC (CHCly/acetone) and column chromatography (hexane/acetone 8:2)
purifications of the neutral fraction led to the i ation of 1 (10 mg) and 2 (35 mg) in pure
form.

3.2.4.3.1 3B,14p3,20-Trihydroxypregn-5-ene-18-oic-(18-20)-lactone (1)

Colorless needles (CHCls/methanol); IR (CHCIs, film) vmax 3437 (OH), 2964 and 2939 (C-
H), 1729 (C=0) cm™; 'H NMR (CDCls;, 400 MHz) and '*C NMR (CDCls, 100 MHz), see
Table 3.1; ESI-MS m/z 311.1918 [M-2H,0+H)* (calcd. for C1Hz7O,: 311.2011); TLC Ry
0.47 in CH2Clo/methanol, 94:6.

3.2.4.3.2 3B,14pB,20-Trihydroxy-5p-pregn-18-carboxylic-20-lactone (2)

Yellow oil (CHCI3); IR (CHCIs, film) vmax 3436 (OH), 2939 and 2878 (C-H), 1782 (C=0)
cm™; 'H NMR (CDCls, 400 MHz) and *C NMR (CDCl3;, 100 MHz), see Table 3.1; ESI-MS
m/z 347.2226 [M-H,O+H]* (caicd. for C»H3:O4 347.2222); TLC Rs 025 in
hexane/acetone, 8:2.

3.2.4.4 Acetylation of 2

A fraction containing 2 (9 mg) was combined with acetic anhydride (1 mL) and pyridine
(0.5 mL) and allowed to stir overnight at room temperature. The reaction mixture was
poured over water (20 mL) and the resulting suspension was extracted with ethylacetate
(3x, 1:1). The organic layer was successively washed (2x, 1:1) with 5% HCI, 5% NaHCO3
and brine, and then dried over anhydrous sodium sulfate. Evaporation of the solvent under
reduced pressure yielded 4 mg of acetylated derivative as a colorless oil; IR (CHCIs, film)
vmax 2939 and 2866 (C-H), 1785 and 1739 (C=0) cm™; 'H NMR (CDCls, 400 MHz) & 5.07
(1H, t, J= 2.6 Hz), 2.64 (1H, dd, J= 1.2, 3.3 Hz), 2.05 (3H, s, CH3COO0), 1.59 (3H, s), 0.96
(3H, s); ESI-MS m/z 429.2191 [M+Na] (calcd. For C23H3406 Na: 429.2253); TLC R;0.45 in
CHCls/hexane/methanol, 50:48:2.
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3.2.4.7.1 Crystal data and collection and refinement details

C21H2s04, M = 345.44, monoclinic, a = 5.8408(2), b = 14.7268(5), ¢ = 10.8519(5) A, g =
104.554(4)° V = 903.48(6) A3, space group P21, Z =2, p = 0.086 mm™, Dcalcd. = 1.27 ¢
cm™, @ range 2.38-33.088, 9361 reflections measured, 4721 unique (Rint = 0.0398) which
were used in all calculations. The final wR(F?) was 0.0774 and the S value 0.974 (all data).
The R(F) was 0.0456 (I > 2o(l)).
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4.21 ABSTRACT

Lupeol-3-(3'R-hydroxy)-stearate, also known as procrim b (1), was isolated from the
methanolic stem extract of Pentalinon andrieuxii and initially mistaken as lupeol acetate
when analyzed by GC-MS only. The correct structure of 1 was established following a
careful analysis of its NMR and MS data.

Keywords: lupeol acetate, lupeol stearate, procrim b, Pentalinon andrieuxii, retro-aidol
reaction, thermolysis, hydroxyl-fatty acid esters.

4.2.2 INTRODUCTION

Plant triterpenoids, which include sterols, steroids, a  brassinosteroids, constitute a large
and structurally diverse group of natural products, with over 100 different carbon skeletons
(Stiti and Hartmann, 2012). Pentacyclic triterpene esters have been found to have
pharmacological activities such as antiinflammatory, antiartritic, antidepressive,
hepatoprotecting, and antitumoral; this wide range of biological activities is what makes the
search of triterpene esters from plants particularly important (Miranda et al., 2006). The 3-
O-acyl-derivatives of lupeol, a ubiquitous triterpene found in many plant species and
reported to exhibit strong antiinflammatory, antiarthritic, antimutagenic, antimalarial, and
anticancer activities (Saleem et al., 2005; Laszczyk, 2009), have also been reported to be
biologically active; these esters include lupeol palmitate and lupeol linoleate, isolated from
the bark of roots of Alstonia boonei (Rajic et al., 2000), which have shown in vitro selective
activity as protease inhibitors (Hodges et al., 2003), and 3-docosanoy! lupeol and lupeol
acetate, both obtained from the stems of Willughbeia firma and both having antiinflamatory
activity (Patocka, 2003; Subhadhirasakul et al., 2000). We describe herein the isolation
and identification of lupeol-3-(3'R-hydroxy)-steareate (1) from the stem extract of P.
andrieuxii and, on doing so, emphasize the importance of carefully analyzing the full
chromatographic and spectroscopic data, addition to those from the GC-MS analysis,

when identifying a pure, bioactive metabolite.
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4.2.3 RESULTS AND DISCUSSION

Successive chromatographic purifications of the dichloromethane-soluble fraction of the
stem extract of P. andrieuxii, using a combination of VLC and open column
chromatography, resulted in the isolation of metabolite 1 in pure form. The GC-MS
analysis of metabolite 1 showed a single component at tz 24.07 min with an apparent
parent ion peak at m/z 468, which indicated a molecular formula of CiHs02 and
suggested 1 being lupeol acetate (2). However, and although both the tr and the
fragmentation pattern of metabolite 1 were identical to those observed when an authentic
sample of lupeol acetate was analyzed by GC/MS (tr: 24.02 min and M* at m/z 468,
respectively), and the '"H NMR spectrum of 1 (Table 4.1) showed the characteristic signals
for six methyl groups at 5 0.78 (s), 0.84 (6H, s), 0.93 (s), 1.02 (s) and 1.64 (s), together
with the two vinylic protons of the exocyclic methylene group at 6 4.56 (s) and 4.68 (s),
and the proton of the C-3 esterified oxymethine group at §4.53 (dd, J= 5.4, 13.0 Hz), the
expected, characteristic signal for the acetate methyl group was missing. This indicated
that metabolite 1 did not correspond to lupeo! acetate but to a different type of lupeol ester.
A careful analysis of the '"H NMR spectrum of 1 showed the presence of a second
oxymethine proton at 4 3.98 (bs) which, from the results of the COSY experiment (Figure
4.1a), appeared to be coupled to the protons of two methylene groups at §2.50 (2H, bd,
J=12.9 Hz) and 1.51 (2H, m). The *C NMR spectrum of 1 confirmed the presence of two
carbons bonded to oxygen with the signals at 68.33 and 81.57 ppm and also showed the
expected signals for an ester carbonyl carbon at 173.04 ppm, and for the two olefinic
carbons of a disubstituted double bond at 109.50 and 151.09 ppm. However, a complex
signal group in the 29-30 ppm chemical shift region of the >*C NMR spectrum indicated the
presence of a large number of methylene carbons and strongly suggested 1 being a
hydroxylated fatty acid ester of lupeol. The correct position of the free hydroxyl group in
the fatty acid alkyl chain was established from the analysis of the HMBC experiment of 1
which showed a clear 3J correlation between the carbinol proton at 5 3.98 and the carbonyl
group at 173.04 ppm, and 2/ and 3J correlations between the carbinol proton and the
methylene carbons at 36.69 and 25.61 ppm, respectively (Figure 4.1b). The HRMS of 1
showed a molecular ion peak with an exact mass of 708.6415, which indicated a molecular
formula of CssHesOs that corresponded to the lupeol ester of a hydroxylated C18 fatty acid.
On the basis of its spectroscopic data, and by comparing it with those reported in the
literature, metabolite 1 was identified as lupeol-3-(3'R-hydroxy)-stearate, recently reported
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from Alecrim-propolis and designated with the common name procrim b (Furukawa et al.,
2001). However, it is interesting to point out that the optical rotation value of 1 is similar to
that reported in the literature for procrim b but has the opposite sign (+154.5° vs -146.6°,
respectively) indicating that the lupe ester isolated in this investigation corresponds to
the enantiomer of procrim b. To date, the number of reported triterpene hydroxylated-fatty
acid esters is limited (Salatino et al., 2005). The only other report of hydroxylated-fatty acid
ester of lupeol is that of 3-O-(3-hydroxyeicosanoyl) lupeol, isolated from Holarrhena
floribunda and reported to show moderate activity against Plasmodium falciparum (Fotie et
al., 2006). The similarity in the fragmentation patterns of 1 and lupeol acetate when
analyzed by GC-MS, particularly in terms of the presence of the fragment ion peak at m/z
468, can be explained by a thermally-induced reverse aldol reaction of 1 which results in
the formation of lupeol acetate and hexadecanal (Figure 4.2) as a result of the high
temperature (260 °C) in the injector of the GC-MS, since this type of thermolysis has been
reported to be highly favored both theoretically and experimentally for B-hydroxy-esters
(Quijano et al., 1994; Notario et al., 2002). Although, to date, there are no reports in the
literature describing the occurrence of this type of reaction during the isolation or
identification of natural products, the proneness of p-hydroxy-esters to readily undergo
thermolysis under normal GC-analysis conditions, could explain the limited number of
literature reports on the natural occurrence of triterpene hydroxylated-fatty acid esters. A
quick literature search showed a significant number of reports where the identification of
lupeol acetate as a bioactive metabc...2 was established only on the basis of results from
the CG-MS analysis of the natural ester using thermolysis-favoring temperatures of 250°-
300° C in the injector (Hooper et al., 1982; Vilegas et al., 1997; Peres-Ferreira and
Rodrigues de Oliveira, 2010; Oyo- et al, 2010; Marquez-Hernandez et al., 2010;
Goncalves et al., 2011; Pereira et al.,, 2012; Stiti and Hartmann, 2012; Di Stefano and
Pitonzo, 2012); taking into account the  ults presented here, it might be advisable to
confirm the identification of the isolated natural product and whether the biological activity
being reported is indeed due to lupeol acetate or if it is due to a misidentified hydroxylated
fatty acid lupeol ester such as 1. . ally, our initial, mistaken identification of 1 as lupeol
acetate, emphasizes the importance of using additional chromatographic and
spectroscopic data to confirm the chemical structure of the isolated metabolites, particulary
those which are ubiquitous and commonly found in phytochemical research.
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Cuadro 4 1 Spectroscopic data of lupeol-3-(3'R-hydroxy)-stearate (procrim b) (1).

Position 13C NMR H NMR Position 3¢ NMR 'H NMR
1 38.14 1.66 (m) 25 16.30 0.84 (s)
2 23.88 1.61 (m) 26 16.10 1.02 (s)
3 81.57 4.53 (dd, J=5.4, 27 14.65 0.93 (s)

13.0)
4 37.93 28 18.13 0.78 (s)
5 55.49 0.79 (m) 29 109.5 292 4.56 (s)
29b 4.68 (s)

6 18.32 1.49 (m) 30 19.42 1.64 (s)
7 34.30 1.38 (m) 1 173.04
8 40.96 2 4172 2,50 (d, J= 12.96)
9 50.44 1.29 (m) 3 68.33 3.98 (s)
10 37.20 4 36.69 1.51 (m)
11 21.07 1.41 (m) 5 25.61 1.43 (m)
12 2519 1.67 (m) 6’-16’ 29.0-30.0 1.24 (m)
13 38.46 0.97 (m) 17 22.85 1.24 (m)
14 4295 18 14.29 0.87 (m)
15 27.55 1.67 (m)
16 35.69 1.43 (m)
17 43.12
18 48.39 1.35 (m)
19 48.13 2.36 (m)
20 161.09
21 29.55 1.24 {(m)
22 40.12 2.40 (m)
23 28.16 0.84 (s)
24 16.30 0.83 (s)
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for 3 min and then with a temperature gradient of 20 °C/min to a final temperature of
280°C that was held for 30 min. High resolution measurements were done using a Trace
GC Ultra (Thermo Scientific) with a direct inlet system. Metabolite 1 evaporated at ca. 210°
C in high vacuum. Additional GC-Ms analysis were done using a Hewlett Packard 5890
gas chromatograph [GC conditions: s| injection of 1 mL of sample; Ultra 1 column (25 m
x 0.2 mm i.d.}, flow rate 1.0 mL/min (Nitrogen); oven temperature program 71 = 150° C (3
min), 7. = 280° C (30 min), gradient 10° C/min, injector 300° and detector (FID) 300°
C).Mass spectra were obtained with a JEOL-JMS-SX102. *C NMR spectra were obtained
from an Avance 1l 500 system (Bruker, Germany) with a cryo probe head (5 mm CPQNP,
HIBCPRPI'F/2Si  (Z-gradient)). The 'H-NMR spectra and the two dimensional
experiments were performed with an Avance | 500 system with a SEI 500 S2 probe head
(6 mm, inverse with Z-gradient). The measurements were performed at magnetic fields
0f11.75 Tesla. The resonance frequencies of 'H and *C were 500.13 MHz and 125.82
MHz respectively. The temperature was 300 K. The one dimensional *C NMR spectra as
well as the one- and two-dimensional 'H NMR spectra were measured with standard
Bruker parameter sets. Data processing was done with the MestReNova Software
Version7.0.0 (Mestrelab Research, Santiago de Compostela, Spain ).

4.2.3.2 Extraction and isolation of metabolite lupeol-3-(3’'R-hydroxy)-stearate

(procrim b) (1)

The stems of two plants (nine months old) of P. andrieuxii grown under glasshouse
conditions were frozen using liquid nitrogen and then lyophilized. The dry-ground plant
material (46.84 g) was extracted four times with MeOH (1 L, 72 h) at room temperature.
The extracts were combined and the solvent was removed under reduced pressure to
produce 10.92 g of crude methanolic extract. Refluxing of the crude methanolic extract
twice with CH.Cl; (600 mL, 1 h) yielded 1.42 g of a CH:Cl.-soluble fraction which was
initially fractionated by vacuum liquid chromatography (5 cm diameter) using a gradient
elution with mixtures of Hx/CH,Cl,/JAn to produce nine fractions (A-l). Successive open
column chromatography (1 x 40 cm) purifications of combined fractions A and B (217.4
mg) using HX/CH,Clz/An 110:10:5 and Hx O 95:5 resulted in the isolation of 1 (25mg) in

pure form.

118






Capitulo IV

4.2.5 REFERENCES

Di Stefano, V. and Pitonzo, R., 2012. Phytochemical studies on Ptilostemon greuteri
Raimondo & Domina (Compositae). Records of natural products, 6 (4), 390-393.

Fotie, J., Bohle, D.S., Leimans, M.L., Georges, E., Rukunga, G., Nkengfack., 2006. Lupeol
long-chain fatty acid esters with antimalarial activity from Holarrhena floribunda.
Journal of natural products 69, 62-67.

Furukawa, S., Takagi, N., lkeda, T., Ono, M., Nafady, A.M., Nohara, T., Sugimoto, H., Doi,
S., Yamada, H., 2002. Two novel long-chain alkanoic acid esters of lupeol
fromAlecrim-Propolis. Chemical & Pharmaceutical Bulletin, 50 (3), 439-440.

Goncalves, L.D., Almeida, H.R., De Oliveira, P.M., Lopes, N.P., Turatti, |.C.C,
Archanjo,F.C., Grael, C.F.F., 2011. Contribution for the phytochemical studies of
Ageratumfastigiatum. Brazilian Journal of Pharmacognosy, 21 (6), 936-942.

Hodges, L.D: Kweifio-Okai, G., Macrides, T.A., 2003. Antiprotease effect ofanti
inflamatorylupeol esters. Molecular and Cellular Biochemistry 252, 97-101.

Hooper, S.N., Chandler, R.F., Lewis, E., Jamieson, W.D., 1982 .Simultaneous
determination of Sonchs arvensis L. Triterpenes by Gas Chromatography-
MassSpectrometry. Lipids 17 (1), 60-63.

Lazszczyk M.N., 2009. Pentacyc : triterpenes of the lupine, oleanane and ursane groups
as tools in cancer therapy.Planta Medica 75, 1549-1560.

Marquez-Hernandez, ., Cuesta-Rubio, O., Campo-Fernandez, M., Rosado-Pérez, A.,
Montes de Oca-Porto, R., Piccinelli, A.L., Rastrelli, L., 2010. Studies on the
constituents of yellow cuban propolis: GC-MS determination of triterpenoids and
flavonoids. Journal ofAgricultural and food chemistry, §8, 4725-4730.

Miranda, R.R.S., Silva, G.D.F., Duarte, L.P., Fortes |.C.P., Vieira-Filho, S.A., 2006.

Structural determination of 3 B-sterayloxy-urs-12-ene from Maytenus salicifolia by 'D

120






Capitulo IV

afruit and vegetable based triterpene, induces apoptotic death of human
pancreaticadenocarcinoma cells via inhibition of Ras signaling pathway.
Carcinogenesis 26 (11),1956-1964.

Silverstein, R.M., Webster, F.X., Kiemle, D , 2005. Spectrometric identification oforganic
compounds, 7th ed.; John Wiley & Sons: New York, p 19.

Stiti, N. and Hartmann, M.A., 2012. Nonsterol triterpenoids as major constituents of Olea
europaea. Journal of | ids, Volume 2012, Aricle ID 476595, 1-13,
doi:10.1155/2012/476595.

Subhadhirasakul, S., Takayama, H., Kitajima, F.M., Aimi, N.F., 2000. Triterpenoids from
Thai medicinal plant, Willughbeia firma. Natural Medi....> 54, 155-157.

Vilegas, J.H.Y., Lancas, F.M., Vilegas, W., 1997. Further triterpenes, steroids and

furanocoumarins from brazilian medicinal plants of Dorstenia genus (Moraceae).
Journal of Brazilian Chemical Society, 8 (5), 529-535.

122






Capitulo IV

X )

25(

15¢

9117

500000-

200000-

Figura 4.4 Cromatograma y patrén de fragmentacion por CG-EM del 3-(3'R-hidroxi)-
estearato de lupeol, procrim b (1).
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CAPITULO V

BIOSINTESIS DEL3-(3’R-HIDROXI)-ESTEARATO DE LUPEOL EN
PENTALINON ANDRIEUXII. UN ESTUDIO DE INCORPORACION DE
13C.0,4

5.1 DESCRIPCION DEL CAPITULO

Este capitulo describe la importancia de los estudios de incorporaciéon de *CO; en la
biosintesis de terpenoides. Este modelo y la aplicacion de perfiles isotopoldgicos en el
metabolismo de plantas bajo condiciones fisiologicas, representa un método innovador
que puede ser aplicado sin mayores modificaciones en el analisis de rutas biosintéticas y
flujos metabdlicos en especies vegetales. A continuacién se describe la incorporacion de
BCO, en el estudio de la biosintesis del 3-(3'R-hidroxi)-estearato de lupeol. La
espectroscopia de *C RMN, INADEQUATE y ADEQUATE mostré un patrén de marcaje
con enriquecimientos de '*C.-isotopdlogos en las unidades de lupeol, asi como en la
cadena de hidroxiestearato. Cinco de las seis unidades isoprénicas en el esqueleto del
lupeol mostraron patrones de marcaje con [1,2-"°C;] y [3,5-'°C;] para los precursores C5,
isopentenil difosfato y dimetilalil difosfato, en tanto que una unidad isoprénica en el anillo
E del lupeol experimentd un rearreglé y solamente mostré la conectividad [3,5-"3C;] del
precursor C5 original. Los analisis CG-MS identificaron '*Cs-isotopdlogos en alanina
derivada de una proteina obtenida del mismo material vegetal. Al no detectarse *Cs-
isotopélogos en el esqueleto lupano del 3-(3'R-hidroxi)-estearato de lupeol, se puede
concluir que la unidad triterpénica deriva completamente de la ruta del mevalonato via
[*C;J-acetil-CoA y no de la ruta del 2C-metil-D-eritritol-4-fosfato via ['*Cs)-1-deoxi-D-
xilulosa-5-fosfato. Los patrones de marcaje también concuerdan con el mecanismo
conocido de la formacion de triterpenos con la conformacion silla-silla-silla-bote del 6xido
de (S)-2,3-escualeno donde se muestra que el metileno sp? en el grupo isopropenilo es
generado del grupo (Z)-metilo en la unidad de isopropilideno del 6xido de escualeno, el
cual se origina del grupo metilo del mevalonato. Estos resultados sugieren, que la sintasa

‘Los resultados de los estudios de la biosintesis del 3-(3'R)-hidroxi-estearato de lupeol se
encuentran sometidos para su publicacién en el Journal of Organic Chemistry con el
titulo:“Isotopologue profiling of triterpene formation under physiological conditions. Biosynthesis of
lupeol-3-(3'R-hydroxy)-stearate in Pentalinon andrieuxii’.
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de lupeol de P. andrieuxii es del mismo tipo de la de Olea europeay Taraxacum officinale,
pero diferente que el de Arabidopsis thaliana.

5.2 ISOTOPOLOGUE PROFILING OF TRITERPENE FORMATION UNDER
PHYSIOLOGICAL CONDITIONS. BIOSYNTHE_. S OF LUPEOL-3-(3'R-
HIDROXY)-STEARATE IN Pentalinon andrieuxii.

Luis M. Pefia-Rodriguez,'? Alejandro Yam-Puc,? Nihat Knispel," Nicholas Schramek,'
Claudia Huber," Fabiola G. Ramirez-Torres,? Fabiola Escalante-Erosa,? Karlina Garcia-
Sosa,2 Manuel J. Chan-Bacab,® Gregorio Godoy-Hernandez,* Adelbert Bacher' and
Wolfgang Eisenreich "

Key words: Pentalinon andrieuxii; Apocynacea; biosynthesis; *CO;; triterpene; lupeol,
procrim; mevalonate.

5.2.1 ABSTRACT

The biosynthesis of lupeol-3-(3'R-hydroxy)-stearate (procrim b, 1) was investigated by
¥CO, pulse-chase experiments, under quasi-physiological conditions, in the Mexican
medicinal plant Pentalinon andrieuxii. One-dimensional and two-dimensional NMR
analyses revealed positional enrichments of *C.-isotopologues in both the lupeo! and the
hydroxystearate moieties of 1. Five of the six isoprene units reflected a pattern with [1,2-
3C,}- and [3,5-1°C,j-isotopologues from the respective Cs-precursors, IPP and DMAPP,
whereas one isoprene unit in the ring E of 1 showed only the [3,5-*C.]-connectivity of the
original Cs-precursor due to rearrangement of the putative dammarenyl cation intermediate
during the cyclization process. The presence of *C,-isotopologues was indicative of *C.-
acety!l-CoA being the precursor units in the formation of the fatty acid moiety and of the
triterpene via the mevalonate route. Significant contributions of the alternative non-
mevalonate pathway were ruled by the virtual absence of [*Cs}-isotopolgues.

The observed labeling pattern was also  perfect agreement with a chair-chair-chair-boat
conformation of the (8)-2,3-oxidosqualene precursor during the cyclization process, and
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adenosylmethionine-dependent polyamine biosynthesis, was reported in Rhodospirillum
rubrum."® however wheter this route plays a more general role in terpene producing

organisms including plants is a yet unknown.

It is current knowledge that the MEP pathway is operative in the plastids of plant cells,
whereas the mevalonate pathway is active in their cytosolic compartment. It is therefore
assumed that plant terpenes biosynthesized in the cytosol (e.g. phytosterols) are formed
via the mevalonate pathway, whereas terpenes formed in the plastids (e.g. monoterpenes,
diterpenes and carotenoids) are derived from the MEP route. ' However, this separation is
not absolute, since trafficking of early precursors across the membranes of plastids has

been observed. 62"
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Scheme 5.1 Biosynthetic origin of IPP (5) and DMAPP (6) via the mevalonate pathway (a) and the
alternative MEP pathway (b).
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Triterpenoids constitute a structurally diverse group derived from a linear Cso precursor
(all-trans-2,3-oxidosqualene, 14, Scheme 5.2)%% obtained by the head-to-head
condensation of two C1s units of farnesyldiphosphate (FPP, 12) to produce squalene (13).
Oxidosqualene can then be converted via the dammarenyl cation (15) into 6-6-6-5
tetracycles (e.g. sitosterol and stigmasterol), 6-6-6-6-5 pentacycles (e.g. lupeol, 16) or 6-6-
6-6-6 pentacycles (e.g. taraxasterol, 17) (Scheme 5.2).
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Scheme 5.2 Biosynthetic origin of triterpenes.
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This manuscript reports on the labeling profiles of lupeol-3-(3'R-hydroxy)-sterarate
(procrim b, 1) from a *CO; pulse/chase experiment using P. andrieuxii plants grown under
quasi physiological conditions. The '*C-pattern reveals the origin of the IPP/DMAPP
precursors, as well as important details on the cyclizytion process occurring ih the

biosynthesis of 1.
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5.2.3 RESULTS

In order to elucidate the biosynthetic origin of lupeol-3-(3'R-hydroxy)-stearate (procrim b,
1) (Figure 5.1a), two P. andrieuxii plants (grown for 10 months to the size of about 1 m)
were exposed to an atmosphere containing 800 ppm *CO; for 5 h. During this pulse
period, the plants consumed about 380 mL *CO,. Subsequently, the plants were grown
for six days under standard greenhouse conditions (i.e. in an atmosphere with natural
*CO; abundance of about 1.1 %) (ct 3 period). As an indicator for '*C-incorporation into
biomass, protein-derived alanine was isolated from the stems of the '3CO.-treated plants
after the chase period and was analyzed as TBDMS-derivative by GC/MS. The amino acid
showed a *C abundance of 2.4 % (i.e. 1.3  '*C-excess over the natural *C-abundance
of 1.1 %) (Fig. 5.5). Moreover, more than 30% of the excess *C was present as [U-°C3]
alanine. Obviously, the *CO, pulse had enabled the biosynthetic generation of universally
labeled intermediary metabolites such as [U-C;] piruvate, the precursor of [U-3Cs]

alanine.

a

OH O
NN N
b

H O
LA e

Figure 5.1 (a) Structure and isoprenoid dissection of lupeol -3-(3'R-hydroxy)-stearate (procrim b, 1);
isoprene units are indicated by differen colors. (b) Labelling pattern of 1 from the '3COz experiment;
biosynthetically contributed '3C atom pairs are indicated by green lines.
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The positional assignments of the *C,-pairs could now be established following a careful
analysis of the coupling constants and two-dimer inal INADEQUATE and ADEQUATE
experiments (Table 5.1, Figs. 5.2 and 5.3). INADEQUATE spectroscopy enables the
assignments of '*C NMR signals by sorting *C-chemical shifts of carbons (displayed in the
Fig. 5.2 dimension of the two-dimensional matrix) involved in *C.-pairs at their respective
double quantum coherences (displayed the F1 dimension). In practical terms,
INADEQUATE spectra display horizontal signal pairs of [*C,)-isotopologues in F1 (Fig.
5.3). The detected signal pairs indicate [*C_]-labelled precursor units that were specifically
incorporated into 1 during the biosynthetic process (Fig. 5.3). Fourteen signal pairs could
be clearly observed in the INADEQUATE spectrum of '*CO,-labeled 1 (Table 5.1). For
convenient visualization, the mixture of these '*C.-pairs is indicated as bold green bars in
the structure of 1 (Fig. 5.3).
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In summary, eleven pairs of *C,-isotopologues were detected in the lupeol moiety of 1,
whereas three ['°C_]-pairs could be observed for the 3'-hydroxystearate moiety (Fig. 5.1b).
As expected, several signals for CH.-groups in the long chain of the fatty acid moiety could
not be discriminated due to signal overlap of similar carbons.

5.2.4 DISCUSSION

Tracer studies using potential precursors labeled with radioactive or stable isotopes are
among the most important methods for elucidating the biosynthetic pathways and
mechanisms leading to natural products. To study biosynthesis in plants, specific or more
general tracers, such as [U-"*Cs]glucose, are typically supplied to plant tissue (e.g. plant
cell cultures or cut plant segments) and the transfer of the labeled precursors into the
products are used to reconstruct the pathways and mechanisms by considering the
position and distribution of the label.*" Although our current knowledge about natural
product biosynthesis in plants is predominantly based on these studies, one should keep
in mind that most of these studies were carried out under laboratory conditions and, in
comparison to the pathways in whole plants, data from these experiments can be
artifactual due to non-natural metabolic reactions triggered by the cellular system under
study, the non-natural environment, or the use of non-physiological tracers.

The use of CO; to generate labeled precursors by incorporating the one-carbon
compound into whole plants represents a welcome option when studying metabolic
pathways in plants since, in this case, the experimental setup emulates physiological
growth conditions.#? The supply of *CQO. can result in the photosynthetic generation of
completely '3C-labeled metabolic intermediates (e.g. triose phosphates, pentose
phosphates and derivatives thereof) during an incubation period under an atmosphere
containing CO (pulse period for several hours). In the present study, this is
demonstrated by the formation of [U-'3C3) alanine derived from [U-"*Cs)pyruvate via [U-
3Cs)triose phosphate generated by the Calvin cycle. The labeling pulse is followed by a
chase period in which the plants are allowed to grow under normal conditions (i.e. in an
atmosphere with natural '2CO. atmosphere) for several days. During the chase period,
uniabeled photosynthetic intermediates are generated. As a consequence, a mixture of
labeled and unlabeled precursors is then shuffled into the various biosynthetic processes
to generate complex mixtures of ['?C]- and [*CJ-isotopologues in the final natural products.

The concept of biosynthetic *CO, labeling goes back to the pioneering studies of Schafer
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and Hutchinson during the 1970's.4*4 However, only recently, and owing to the
tremendous progress made in NMR and mass spectrometry, the analysis of complex
isotopologue mixtures in '3CO-labelled natural products became possible and their
biosynthetic origins could be studied in considerably detail.?" 442

The crucial prerequisite in *CO. pulse-chase experiments aimed at the elucidation of
terpene biosynthesis is the generation of [U-'3C;] acetyl-CoA, [U-'°C;] triose phosphate,
and [U-3C3] pyruvate, to serve as potential building blocks of IPP and DMAPP. Labeling
patterns of these precurs could then be imprinted on the labeling patterns down stream
terpenes via either the mevalonate pathway (i.e. reflecting the patterns due to [U-"3C;]
acetyl-CoA) or the MEP pathway (i.e. reflecting the patterns from [U-'3Cs] glyceraldehyde
phosphate and [U-"°C;] pyruvate).

The labeling pattern of the 3-hydroxystearate moiety in 1 provides direct experimental
proof for the formation of [U-'3C;lacetyl-CoA during the pulse period. At the same time,
similarly, the formation of [U-"*C3] glyr  aldehydes phosphate and [U-"3C;] piruvate during
the pulse period can be gleaned from the formation of [U-'3C3] alanine.

The experimentally observed patter  of potential early precursors can now be used to
predict the hypothetical labeling prof ; of 1 when produced either via the mevalonate or
the MEP pathways (Scheme 5.4). Via the mevalonate pathway, three molecules of *C,-
acetyl-CoA would result in [1,2-"3C;]-, [3,5-"°C;])-, and [4-"*C]-labeled mevalonate, which in
turn will be converted into [1,2-"*C;)-, [3,5-"°C;]-, and [4-"°C,]-IPP/DMAPP (Scheme 5.4a).
Alternatively, via the MEP pathway, the Cs-precursc. _ would display [3,5-"°C,]- and [1,2,4-
13C4]-signature via [U-"3C;]pyruvate precursor (with loss of 1 "*C-atom during the formation
of [1,2-C;}-1-deoxyxylulose 5-phosphate) and  [U-*Cs]glyceraldehyde phosphate,
respectively, as shown in Scheme 5.4b.
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of this rearrangement, one of the six isoprene units in 1 displayed only one "Co-
connectivity, i.e. that between *C-17 and '3C-28, since the carbons of the second "*C-pair
("3C-16 and '3C-18, indicated by blue dots in Scheme 5.3) become separated during the
rearrangement. As shown in Scheme 5.4, the detected labeling pattern in *CO2-labelied 1
(Fig. 5.1b) perfectly matched the one predicted for the IPP and DMAPP units derived from
mevalonate and via known mechanism of lupeol formation from a 2,3-oxidosqualene
precursors (Schemes 5.3 and 5.4a). On the other hand, if lupeol had been assembled from
DMAPP and IPP originating from the non-mevalonate pathway, it would have carried six
3Cs-isotopologues, namely [2,3,23-°C3], [1,5,6-'°Cs], [9,11,26-"3C3), [12,13,27-3Ca),
[16,18,22-13C;] and [9,21,30-"3C3], which would have been easily detected by the presence
of long range (via two or three bonds) "*C-"*C couplings in the *C-NMR spectrum of 1.
Since no spectroscopic evidence could be observed for these species, we can conclude
that the MEP pathway did not contribute significantly (i.e. > 5 % estimated on the basis of
the NMR detection limits) to the formation of the lupeol moiety in 1. This result is in
agreement with the results from the GC/MS analysis of the lupeol acetate derived from 1,
which shows that no more than 10 % of the labeled molecules carry three '*C-atoms (Fig.
5.5); these molecules are not due to the specific *Ca-isotopologues predicted by the MEP
route (see above), but reflect a random mixture of **Cs-species due to statistical events of
8C-assembly during the experiment.

Finally, the intense "*C-"*C coupling observed between C-20 and 'C-29 with the
absence of 3C-"3C coupling between *C-20 and C-30 (Table 5.1) confirms the fact that
the final deprotonation in lupeol formation occurs stereospecific....; (Scheme 5.3). This
pattern indicates that the sp’methylene of the isopropylene group in 1 originates
exclusively from the Z-methyl group of the isopropylidene moiety in oxidosqualene
precursor (Scheme 5.3), and suggests that the lupeol synthase of Pentalinon andrieuxii is
similar to that of Olea europea and Taraxacum officinale,*® but not to that of Arabidopsis
thaliana, where the deprotonation step is reported to involve both methyl groups of the
original C30-precursor.4°
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5.2.5 EXPERIMENTAL PROCEDURES
5.2.5.1 '3COz2 labelling

Two plants of Pentalinon andrieuxii (ten months-old, each about 1 m in height) were
placed into a closed gas incubation chamber (modified Advance Optima Biobox AO2000,
GWS, Berlin, Germany) and illuminated with white light (20,000 lux). The temperature was
adjusted to 25 °C and the humidity was kept at about 60 % during the whole experiment.
To remove unlabelled CO,, the chamber was flushed with synthetic air (Westfalen AG,
Munster, Germany) containing only oxygen (20.5 vol. %) and nitrogen (79.5 vol. %). Then,
8CO, gas (99.9 % '*C-enrichment; Sigma-Aldrich, Steinheim, Germany) was introduced
and adjusted during the pulse period to a level of 800 ppm. The concentration of *CO,
was registered and controlled during the whole period of 5 hours within the chamber.
Subsequently the plants were allowed to grow under standard greenhouse conditions at
ambient temperature for six days (chase period). The plants were separated into leaves,
stems and roots, cut in small pieces, frozen with liquid nitrogen, and lyophilized.

5.2.5.2 Extraction of plant material and isolation of lupeol-3-(3’R-hydroxy)-
stearate (1)

The dry-ground stems of two P. andrieuxii plants (47 g) were extracted four times with
distilled methanol (1 L, 72 h) at room temperature. The extracts were combined and the
solvent was removed under reduced pressure to produce 11 g of crude methanolic extract.
Refluxing of the crude methanolic extract twice with CH.Cl, (600 mL, 1 h) yielded 1.4 g of
a CH2Clz-soluble fraction, which was initially fractionated by vacuum liquid chromatography
(5 cm diameter) using a gradient elution with mixtures of Hx/CH.Clo/An to produce nine
major fractions (A-1). Successive open column chromatography (1 x 40 cm) purifications of
combined fractions A and B (217 mg), eluting with Hx/CH.Cl./An (110:10:5; v/iv) and
Hx/Et20 (95:5; viv) resulted in the isolation of 1 (20 mg) in pure form.

5.2.5.3 Isolation and CG/MS analysis of alanine

A sample (5 mg) of the methanol-extracted residue was suspended in 0.5 ml of 6 M HCI
and incubated for 24 h at 105°C. After removal of the HCI using a flow of dry nitrogen gas,
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200 ul of glacial acetic acid were added to the dried sample. The hydrolyzate was
transferred to a Dowex S0WX8 column (H* form; 200 to 400 mesh; 0.5 x 1 ¢cm). The
column was washed twice with water and eluted with 1 ml of 4 M ammonium hydroxide.
An aliquot of the eluate was dried under a flow of nitrogen gas and the residue was
dissolved 1 50 pl of dry acetonitrile. A total of 50 ul of N-(tert-butyldimethylsilyl)-N-
methyltrifluoracetamide containing 1% N-(tert-butyldimethylsilylchioride (TBDMS; Sigma-
Aldrich) were added and the mixture was kept at 70°C for 30 min. The resulting TBDMS-
alanine was subjected to GC/MS analysis. GC/MS was performed on a GC-QP 2010 plus
(Shimadzu, Duisburg, Germany) equipped with a fused silica capillary column (equity TM-
5; 30m by 0.25mm,0.25-umfilm thickness; Supelco, Bellafonte, PA). The mass detector
worked in the electron ionization (El) mode at 70 eV. An aliquot of the solution was
injected in split mode (1:10) at an injector and interface temperature of 260°C. The column
was kept at 150°C for 3 min and then the temperature was increased with a gradient of
7°C/min to a final temperature of 280°C. The sample was analyzed three times in SIM
mode using the alanine-TBDMS fragment after the loss of one tert-butyl group as a
reference?. Data were collected with LabSolution software (Shimadzu, Duisburg,
Germany). The overall *C excess values and the isotopologue compositions were
calculated by an Excel-based in-house software package according to Lee et al.*”

5.2.5.4 CG/MS analysis of lupeol-3-(3’R-hidroxy)-stearate (procrim b, 1)

The same GC/MS conditions described above, with the exception of the temperature
program, were used for the analysis of 1. The temperature program used included keeping
the temperature of the column at 200°C for 3 min, heating with a gradient of 10°C/min to a
final temperature of 280°C?, which was kept for 30 min.. Lupeol acetate, which forms
through a thermically-induced rearrangement in the injector, eluted after 28.1 min. For SIM
measurement, the molecular mass signal of lupeol acetate (m/z, 468) was used. C-
enrichment and isotopologue patterns were calculated as described above.

5.2.5.5 NMR analysis of lupeol-3-(3’R-hidroxy)-stearate (procrim b, 1)

BC NMR spectra were measured with a Bruker Avance Il 500 system equipped with a
cryo probe (5 mm CPQNP, 'H/CPR'P/ 'F/2°Si; Z-gradient). '"H NMR spectra were
registered with an Avance | 500 sys n and an inverse probe head (5 mm SEl, 'H/"*C; Z-
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la presencia de este tipo de metabolitos en ita especie son escasos, la mayoria de los
estudios realizados recientemente reportan Unicamente la obtencién de terpenoides.

6.2 CONCLUSIONES

Los CTV's de P. andrieuxii no represe in un modelo adecuado para estudiar la
biosintesis de terpenoides con esqi eto de campechano; sin embargo, la alternativa de
exponer plantas completas de P. andrieuxii a una atmosfera de *CO,, con el fin de
generar precursores enriquecidos con '*C y utilizarlos en estudios de biosintesis, permitid
el establecimiento del origen biosint_ __o del 3-(3'R-hidroxi)-estearato de lupeol (procrim b)
y representa un modelo importante que pue emplearse para el estudio del origen
biosintético de otros terpenos, incluyendo los urechitoles.

6.3 PERSPECTIVAS

El establecimiento del origen . .osintético del 3-(3'R-hidroxi)-estearato de lupeol (procrim
b) usando la incorporaciéon de *CO; en plantas completas de P. andrieuxii, demuestra la
importancia y confirma la utilidad de este iodelo en estudios de elucidacion de rutas
biosintéticas, tanto de metabolitos primarios como secundarios. Sin embargo, la ausencia
de urechitol A enriquecido con *C a partir de extractos de plantas de P. andrieuxii
tratadas con CO; indica que la produccion de te ...etabolito ocurre bajo condiciones
especificas en la planta, por lo que futuros estudios sobre la biosintesis de este tipo de
terpenoides deben considerar los diferentes factores que influyen en la produccion de
metabolitos secundarios en las plantas, incluyendo factores fisiologicos (estado de
desarrollo, drgano vegetal, variaciones estacionales), condiciones ambientales
(contaminacién y efectos climatologicos, estrés bidtico o abiédtico, suelo), variaciones
geograficas y factores genéticos. Las condiciones de ontogenia y fenologia deberan
considerarse 1 futuros estudios sobre el origen biosintético del urechitol A en P.
andrieuxii, ya que el conocimiento de estos factores permitira determinar el momento
preciso de la produccion de este metabolito y el momento adecuado para llevar a cabo
los estudios de incorporacion de ®*CO; en las plantas y la incorporacion de C a la
estructura del urechitol A. De esta manera se podra definir si la ruta biosintética que
resulta en la formacién del esqueleto campechano ocurre a través de la ruta MVA o de la
ruta MEP o, si en este caso, ambas rutas contribuyen a la construccion del esqueleto
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Anexo

Ubicacion geografica

La distribucién de P. andrieuxii en el continente americano incluye desde Florida, México y
las Antillas hasta el norte de Colombia. En la Republica Mexicana se encuentra en la
vertiente del Pacifico desde Michoacan hasta Chiapas y en la vertiente del golfo de
México desde Veracruz hasta Yucatan y Quintana Roo. En la peninsula de Yucatan tiene
una distribucién amplia como parte de la vegetacion de selva mediana y alta
subperenifolia. (Chan et al., 2003)

Usos y aplicaciones

Pentalinon andrieuxii es utilizada en la medicina tradicional de la peninsula de Yucatan, la
cual recomienda mas! r la raiz o las hojas frescas y aplicarlas a manera de cataplasma
contra la mordedura de serpientes. Asimismo el latex de la planta se utiliza para aliviar el
dolor de cabeza y los disturbios nerviosos. (Pulido, 1993)

Sin embargo, la principal aplicacion de P. andrieuxii es en el tratamiento de la
leishmaniosis cutanea localizada; la medicina tradicional recomienda el uso de una
infusion de las raices frescas para lavar la lesion y la utilizacién de raiz seca pulverizada
para aplicar sobre la lesion después del lavado (Chan et al., 2003). Hasta la fecha sélo se
han realizado dos estudios para detectar actividad biolégica en P. andrieuxii. En uno de
estos estudios se determin6 actividad sedante y antiinflamatoria en el extracto de la raiz y
en el otro estudio se detectéd actividad téxica del extracto de la raiz contra promastigotes
de Leishmania mexicana, sugiriéndose que los productos responsables de la actividad
leishmanicida son de polaridad media con caracteristicas acidas (Chan et al., 2003).

162









Advances in Bioscience and Biotechnology, 2012, 3, 256-258

doi:10.4236/abb.2012.33035 Published Online June 2012 (htt;

ABB

":RP.org/jou  “abb/)

Agrobacterium-mediated transient transformation of
Pentalinon andrieuxii Miill. Arg.

Alejandro Yam-Puc', Elidé Avilés-Berzunza'?, Manuel J. Chan-Bacab®, Luis Manuel Pefia-Rodriguez’,

Gregorio Godoy-Hernandez"**

'Centro de Investigacion Cientifica de Yucatén, A.C. Laboratorio de Quimica Organica, Unidad de Biotecnologia, Mérida, México

*Unidad de Bioquimica y Biologia Molecular, Mérida, México

IDepartamento de Microbiologia Ambiental y Biotecnologia, Universidad Auténoma de Campeche, Campeche, México

Email: 'ggodoxgaicicy.mx, alexgbb@cicy.mx, avibeli@cicy.mx,

" " n{@mail.uacam.mx, lmanuel{@cicy.mx

Received 13 March 2012; revised 20 April 2012; accepted 30 April 2012

ABSTRACT

Sections of hypocotyls, roots and leaves from Penta-
linon andrieuxii plantlets were transiently transform-
ed with Agrobacterium tumefaciens LBA4404 bearing
the binary plasmid pCAMBIA2301 with an inter-
rupted p-glucuronidase (GUS) gene. Histochemical
GUS assays showed transient gene expression in all
infected tissues, being older roots those which dis-
played the most intense GUS staining. To our knowl-
edge, this is the first report of Pentalinon andrieuxii
susceptibility to Agrobacterium tumefaciens-mediated
genetic transformation,

Keywords: f-Glucuronidase; Agrobacterium
tumefaciens; Kanamycin; Apocynaceae

1. INTRODUCTION

Pentalinon andrieuxii Miill. Arg. (Apocynaceae), a plant
commonly named “contrayerba” in the Yucatan Penin-
sula, is used in the treatment of Leishmania’s skin le-
sions (“chiclero’s ulcer”). Mayan healers also recom-
mend chewing their roots and leaves to relieve ailments
derived from snakebites, and the stem-collected latex to
alleviate headaches and nervous disturbances [1,2]. Car-
denolides, pyrrolizidine alkaloids, steroidal compounds
and betulinic acid derivatives with different physiologi-
cal activities have been found in Pentalinon tissues [3-6].
Furthermore, two physiologically inactive, but structur-
ally unusual trinorsesquiterpenoids, named urechitols A
and B have been described in this species. Urechitols
include the novel bicyclic campechane skeleton, which is
formed by two cyclic nuclei of five and seven carbon
units, respectively [7]. Although, the synthesis of race-
mic mixtures of urechitol A was recently reported [8],
the biosynthetic origin of urechitols or the campechane
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skeleton remains unknown. The availability of in vitro
culture systems of P. andrieuxii tissues, including those
used for genetic transformation, may allow not only the
controlled production of these compounds, but also the
development of the basic tools for functional genetics
applied to the identification of genes involved in the
biosynthetic pathway of urechitols. In here, we report the
development of a protocol for the transient transforma-
tion of P. andrieuxii explants with Agrobacterium tume-
Jaciens.

2. MATERIALS AND METHODS
2.1. Plant Material

P. andrieuxii seeds were collected from mature dehiscent
siliques in February 2009 from a population located 3.5
km northeast from Campeche City, Mexico (19°51'0"N
90°31'50"W). A voucher specimen was deposited in the
Herbarium of Centro de Investigacion Cientifica de Yu-
catan (P. Sima 2503). Seeds were surface sterilized with
5% Extran and 70% ethanol for 5 min each, followed by
immersion in a 50% bleach solution (3% sodium hy-
pochlorite) for 20 min. Disinfested seeds were germi-
nated in modified hormone-free PC-L2 medium [9] pH
5.5, supplemented with 2.5% sucrose and 1% agar. Eight
seeds per container were incubated at 25°C + 2°C for two
weeks in the dark, and then on, under continuous light
(40 - 50 mmol m*seg™).

2.2, Agrobacterium tumefaciens Strains and
Vectors

Agrobacterium tumefaciens LBA4404 strain and the bi-
nary vector pPCAMBIA 2301 (Center for the Applications
of Molecular Biology to International Agriculture, Can-
berra, Australia (http:/www.cambia.org’’ " y/bioforge

legacy/3724.html)) were used in all experiments. The
pCAMBIA 2301 plasmid contains the neomycin phos-
photransferase 11 (npt/) gene for kanamycin selection, in
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Table 1. Infection frequency and number of GUS foci in P. andrieuxii explants.

Explants Explant number Number of GUS positive explants Infection frequency (%)" Number of GUS foci/explants™
Young-root 450 15 333 1.00 (0)°
Old-root 300 78 26.00 7.83(3.5)"
Leaf 360 54 15.00 3.96 (0.6)**
Hypocotyl 360 0 0 0

Histochemical analysis assays were performed on explants twenty one days after inoculation with Agrobacterium tumefaciens strain LBA 4404: pCAM-
BIA2301. 'Infection frequency (%) = number of GUS positive explants/ total number of infected explants x 100. *Number of GUS foci/explants, was the aver-
age of GUS positive foci in at least three independent experiments with more of 100 explants each one, with standard deviation in brackets. *Values with dif-
ferent letters are statiscally different (P = 0.05) according to Tukey's test.
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Fig. 2. Thermally induced retroaldol reaction of lupeol-3-(3'R-hydroxy)-stearate (procrim b) (1).

etal., 1994; Notario et al., 2002). To date, there are no reports in the
literature describing the occurrence of this type of reaction during
the isolation or identification of natural products; however, the
proneness of 3-hydroxy-esters to readily undergo thermolysis
under normal GC-analysis conditions, could explain the limited
number of literature reports on the natural occurrence of
triterpene hydroxylated-fatty acid esters. A quick literature search
showed a significant number of reports where the identification of
lupeol acetate as a bioactive metabolite was established only on
the basis of the results from the GC-MS analysis of the natural ester
using thermolyisis-favoring temperatures of 250°-300 °C in the
injector (Hooper et al., 1982; Vilegas et al., 1997; Peres-Ferreira
and Rodrigues de Oliveira, 2010; Oyo-lta et al., 2010; Marquez-
Hernandez et al.,, 2010; Goncalves et al., 2011; Pereira et al., 2012;
Stiti and Hartmann, 2012; Di Stefano and Pitonzo, 2012); taking
into account the results presented here, it might be advisable to
confirm the identification of the isolated natural product and
whether the biological activity being reported is indeed due to
lupeol acetate or if it is due to a misidentified hydroxylated fatty
acid lupeol ester such as 1. Finally, our initial, mistaken
identification of 1 as lupeol acetate, emphasizes the importance
of always using additional chromatographic and spectroscopic
data to confirm the chemical structure of the isolated metabolites,
particularly those which are ubiquitous and commonly found in
phytochemical research.

3. Experimental
3.1. General experimental procedures

Analytical TLC analyses were carried out using aluminum-
backed silica gel (60F254) plates (E.M. Merck, 0.2 mm thickness);
the plates were first examined under UV light and the various
components in the chromatograms were visualized by dipping the
plates in a solution of phosphomolybdic acid (20 g) and ceric
sulfate (2.5 g) in 500 mL of sulfuric acid (5%), followed by drying
and gentle heating. Plant material was liophylized overnight at
0.83 mbar using an Alpha 2-4 LD plus Lyophilisator (Christ,
Osterode am Harz, Germany) equipped with a Chemistry Hybrid
Pump RC 6 (Vaccubrand GmbH + Co, Wertheim, Germany). GC-MS
analysis was performed on a GC-QP2010 Plus chromatograph
(Shimadzu, Duisburg, Germany) equipped with a fused silica
capillary column (Equity TM-5; 30m, 0.25 mm, 0.25m film

thickness; SUPELCO, Bellefonte, PA) and a mass detector working
with electron ionization at 70 eV. The sample was injected at an
interface temperature of 260°C and helium inlet pressure of
70 kPa. The column was run at 200 °C for 3 min and then with a
temperature gradient of 20 °C/min to a final temperature of 280 °C
that was held for 30 min. High resolution measurements were
done using a Trace GC Ultra (Thermo Scientific) with a direct inlet
system. Metabolite 1 evaporated at ca. 210 °C in high vacuum.
Additional GC-MS analysis were done using a Hewlett Packard
5890 gas chromatograph [GC conditions: split injection of 1 mL of
sample; Ultra 1 column (25 m x 0.2 mm i.d.), flow rate 1.0 mL/min
(Nitrogen); oven temperature program T1=150°C
(3 min), T, =280° C (30 min), gradient 10 °C/min, injector 300°
and detector (FID) 300 °C|. Mass spectra were obtained with a
JEOL-JMS-5X102. '3C NMR spectra were obtained from an Avance
111 500 system (Bruker, Germany) with a cryo probe head (5 mm
CPQNP, 'H/'3C/3'P/"°F/?°Si (Z-gradient). The '"H NMR spectra and
the two-dimensional experiments were performed with an Avance
1500 system with a SEI 500 S2 probe head (5 mm, inverse with Z-
gradient). The measurements were performed at magnetic fields of
11.75 T. The resonance frequencies of 'H and 3C were 500.13 MHz
and 125.82 MHz respectively. The temperature was 300K. The
one-dimensional '3C NMR spectra as well as the one- and two-
dimensional "H NMR spectra were measured with standard Bruker
parameter sets. Data processing was done with the MestReNova
Software Version 7.0.0 (Mestrelab Research, Santiago de Compos-
tela, Spain).

3.2. Extraction and isolation of metabolite lupeol-3-(3'R-hydroxy)-
stearate (procrim b) (1)

The stems of two plants (nine months old) of P. andrieuxii grown
under glasshouse conditions were frozen using liquid nitrogen and
then lyophilized. The dry-ground plant material (46.84 g) was
extracted four times with MeOH (1L, 72 h) at room temperature.
The extracts were combined and the solvent was removed under
reduced pressure to produce 10.92 g of crude methanolic extract.
Refluxing of the crude methanolic extract twice with CH,Cl,
(600 mL, 1 h) yielded 1.42 g of a CH,Cl,-soluble fraction which was
initially fractionated by vacuum liquid chromatography (5cm
diameter) using a gradient elution with mixtures of Hx/CH,Cl,/An
to produce nine fractions (A-I). Successive open column chroma-
tography (1 x 40 cm) purifications of combined fractions A and B






