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EDITORIAL

Nuestro lema: “La Biotecnologia, aliada estratégica en la recuperacion

agroindustrial post COVID-19"

Daynet Sosa del Castillo

espués de la pandemia nos dimos cuenta de que el

sector agricola nunca detuvo sus actividades, que

todos necesitamos de los productos que nuestros

agricultores cosechan y hoy mds que nunca estamos
viendo a la ciencia en general y a la biotecnologia en particular,
no como resultado final sino como un proceso de colabora-
cion entre los cientificos y la industria para aportar soluciones
tecnologicas y creativas a este problema urgente en el cual
estamos inmersos como humanidad.

En este marco conceptual, el V CIBB 2020 — modalidad
virtual renovd el esfuerzo que a lo largo de 15 afios ha venido
realizando la ESPOL a través de su centro de Biotecnologia
(CIBE) en la promocion de la biotecnologia ecuatoriana; evento
que se constituyd en la continuacion de los Congresos | CIBB
2012, 1l CIBB 2014, Il CIBB 2016 y IV CIBB 2018, igualmente
heredero de una elevada calidad y excelencia académica; y ce-
lebrado con total éxito durante los dias 5, 6, 7 y 8 de octubre
del presente afio. Congreso coorganizado por la Asociacién de
exportadores de banano del Ecuador (AEBE) y realizado en pa-
ralelo a la XVII Convencidn internacional del banano.

A esta convocatoria asistieron mas de 200 personas, en-
tre investigadores, estudiantes, empresarios y organismos del
Estado. Los ponentes invitados, 15 expertos nacionales y 30
internacionales, todos ellos de gran prestigio cientifico a nivel
mundial realizaron sus ponencias sobre temas de punta en
biotecnologia, tales como gendmica, protedmica, organismos

DOI. 10.21931/RB/2021.06.01.1

transgénicos, micropropagacion, productos nutracéuticos, va-
lorizacion de residuos, fitobiomas, control bioldgico, biodiversi-
dad nativa y bioeconomia, entre otros temas.

El evento, ademads, fue un punto de encuentro entre la
academia y el sector productivo, permitiendo, a través de la
iniciativa “Science Match”, el intercambio de experiencias y
el establecimiento de alianzas estratégicas que impulsen el
aprovechamiento de la biotecnologia para mejorar la compe-
titividad de las cadenas productivas. Esta iniciativa, que nacié
en el afio 2018, tiene como propdsito estimular, a la par de
la difusidn de investigacion, el contacto directo entre quienes
producen el conocimiento y quienes Lo asimilan, con vistas a ir
propiciando la tan necesaria y desconocida transferencia de la
biotecnologia agricola al sector productivo pues como CIBE,
somos portadores de soluciones para los desafios del sector
productivo. Este afio las categorias de expertos para citas fue-
ron Agricultura y agroindustria, Categoria Alimentos, Quimica
y ambiente e Innovacién tecnoldgica, lo que arroj6 un total de
6 citas agendadas con acuerdos de seguimiento para un futuro
relacionamiento. Aunado a ello, la realizacion de la Il reunién
de socios de la red CYTED-BIOALI, permitié establecer un en-
lace internacional no solo entre académicos sino también, de
empresarios extranjeros y nacionales que apuestan por la in-
corporacion cada vez mayor de la biotecnologia, en el sector
cacao y banano.

*Presidente Comité Organizador CIBB.

Corresponding author: g.ferbeyre@umontreal.ca
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Adicionalmente, se realizd un curso post congreso: “Tec-
nologias y aplicaciones en el agregado de valor de la madera”,
en modalidad virtual, durante los dias 13, 14 y 15 de octubre,
sin ningun costo para los 29 participantes registrados, cuyo
objetivo fue mostrar las nuevas tecnologias y enfoques dispo-
nibles para el mejoramiento de especies forestales y el agre-
gado de valor de la madera.

Dentro del evento se presentaron 70 trabajos, en modali-
dad de audio cartel, (69 nacionales y 11 internacionales) divi-
didos en tres dreas o sesiones: Avances cientificos en Banano
y Cacao, Biotecnologia y Biodiversidad y Tecnologia Limpias y
Bioproductos. En cada una de ellas se mostraron avances de
investigacion y puntos de vista de los investigadores del CIBE
y de representantes de 14 instituciones académicas del Ecua-
dor y 7 internacionales, lo cual muestra el alcance de nuestro
evento en el pais y la regién. En cada una de las sesiones se
premid al mejor trabajo de investigacion y ademds se contd
con la presentacion de algunos casos exitosos de relaciona-
miento empresa- investigacion a nivel regional.

Si bien el tema central y compartido con el Foro interna-
cional del banano fueron los avances en la mejora genética del
cultivo y laimportancia del debate nacional sobre un programa
nacional de mejora genética, este espacio cientifico nos per-
mitié también debatir sobre otros productos como el cacao, y

temas esenciales para el sector productivo como los procesos
de fermentacion para la obtencién del chocolate. Abordamos
también las problematicas del arroz desde el punto de vista
agricola y comercial, y pusimos a disposicidn del publico nues-
tros logros en materia de fertilizantes orgénicos.

Hemos de mencionar el apoyo que recibimos por par-
te de nuestro coorganizador y auspiciantes: AEBE, Red
CYTED-BIOALI, programa CEDIA, a VLIR-NETWORK Ecuador
y a Gustavo Venegas Representaciones asi como de la ESPOL
y su Gerencia de comunicaciones. Expresamente mencionar la
difusion cientifica de este evento a través de las redes sociales,
el libro de memorias asi como la posibilidad de publicar en la
revista BIONATURA los mejores trabajos cientificos presenta-
dos en cada sesion.

Antes de finalizar quisiera agradecer y reconocer el arduo
y valioso esfuerzo del Comité organizador y comité cientifico
del CIBB, agradecer la participacion de los 204 asistentes a la
plataforma virtual, a cada uno de los ponentes, al equipo edi-
torial de BIONATURA y a todos aquellos que hicieron posible la
realizacion del Congreso, evento que en su quinta edicién nos
ha reafirmado la importancia de ir de la mano con el sector pri-
vado para encontrar soluciones a problemas y caminar juntos
a la innovacion que tanto necesita el pais para su desarrollo
productivo.
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The role of science in our society

Julio A. Bonilla Jaime

Reaching society with the most relevant scientific ad-
vances achieved worldwide is an essential responsibility for
academics and researchers. Unfortunately, frequently the
knowledge generated in universities and research centers fails
to reach the private sector and civil society, which are meant
to be the final consumers of this knowledge. Today, more than
ever, promoting alliances between academia, industry, and the
government is critical to promote technological and creative
solutions to urgent problems we face as a society.

Events like the V Biotechnology and Biodiversity Interna-
tional Congress ("CIBB" for its name in Spanish) offer an exce-
llent platform for researchers in biotechnology and business
leaders to share ideas, experiences, and expertise. Several
relevant topics were discussed during the event, where top-le-
vel scientists shared their latest advancements, highlighting
the strong connection between biotechnology and biodiversi-
ty. For instance, discussions on genetic editing technologies
like CRISPR/CAS demonstrated the advantages of using such
precise editing tools to tackle climate resilience and power-up
agricultural traits in crops to attain food security and nutrition
for future generations. Other revealing discussions brought at-
tention to the importance of preserving our environment and
its biodiversity. It was emphasized that there still exist many
secrets hidden in the genetic of organisms and their interac-
tions, which uncovering would be essential to make a green
industrial revolution a reality.

DOI.10.21931/RB/2021.06.01.2

Biotechnology is a promising strategy for the sustainable
development of green industries, still rising in underdeveloped
countries where the risk of biodiversity loss is a significant
threat. Currently, the development of clean technologies focu-
sed on the design of high value-added biobased products —e.g.,
food additives, agricultural bio inputs, crops biofortification,
and designed microorganisms — is proving to be fertile ground
for the partnership between scientists and the private sector.

[t must be noted that conveying pragmatic and timely
scientific solutions to world problems should not be an enter-
prise of scientists alone. Scientists' efforts must be comple-
mented with appropriate public policies to facilitate knowle-
dge co-creation and adoption of scientific advancements into
the private sector, thus forming long-lasting partnerships be-
tween science and the industry.

Although several challenges remain to be addressed, one
thing is undeniable, the best approach to achieving the objec-
tives of academia and the private sector is hand-in-hand colla-
boration. This will only be achieved by forging a strong alliance
at the institutional, state, regional, and, why not, global level.
I urge events like the V CIBB to continue to be replicated, and
may this allow our society to get involved now more than ever
in the decision-making and direction that research should take.

Biotechnology Research Center (CIBE), Faculty of Life Sciences, Escuela Superior Politécnica del Litoral (ESPOL), Ecuador.

Corresponding author: jabonill@espol.edu.ec
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RESEARCH / INVESTIGACION

Optimizacion en la aclimatacion de plantulas micropropagadas de banano

(Musa sp.) utilizando tres insumos organicos
Optimization in the acclimatization of banana micro propagated seedlings (Musa sp.) using
three organic inputs

Andy Fabricio Mora-Gonzalez'?, Jaime Alberto Naranjo-Moran?, Alexander Albifio-Quitiaquez?, José Alcides Flores-Cedefio'? Rodrigo Ovie-
do-Anchundia?, Luis Galarza-Romero?, Marisol Vera-Oyague?, Vicente Painii-Montero?, Milton Senen Barcos-Arias'
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Resumen: El éxito de la micropropagacion de plantas in vitro depende en parte de la fase de aclimatacidn, esta etapa presenta
problemas de supervivencia y conlleva extensas semanas de adaptacién. En este sentido, la utilizacién de microorganismos
eficientes nativos son una alternativa biotecnoldgica para adaptar plantas in vitro. El presente trabajo tiene como objetivo
evaluar el efecto de la aplicacion de Trichoderma ghanense, micorrizas arbusculares y un biofertilizante liquido en plantas
meristematicas de banano variedad William en las fases de aclimatacidn y vivero. Para los ensayos en las fases de aclimatacién
y vivero se realizaron 20 tratamientos y se utilizd un disefio factorial 2% con una duracién de seis semanas en ambas fases. Los
resultados demuestran que en la fase de aclimatacion el mejor tratamiento fue el B10 con incrementos del 29,6 % de altura y
19,9 % de didmetro respecto al control; mientras que, para el area foliar fue el B19 con 84,7 % de incremento en comparacion
al control. En fase de vivero el mejor tratamiento fue el B19 presentando incrementos del 14,5 % altura, 19,3 % didmetro del
pseudotallo, 13,4 % area foliar, 91,8 % longitud radicular, 39,98 % peso humedo y 90,5 % peso seco en comparacion al control.
Ambas fases alcanzaron porcentaje de micorrizacién mayores al 45 %. Los porcentajes de supervivencia fueron del 100 % en
fase de aclimatacion. Por lo expuesto, se concluye que los bioinsumos constituyen una alternativa para el manejo y adaptacion
de plantas producidas in vitro.

Palabras clave: Adaptacion, bioproductos, micorrizacion, supervivencia.

Abstract: The successful micropropagation process of banana in vitro plants differs on the acclimatization stage, so there are
survival problems at this stage, and it involves several weeks of adaptation. Therefore, the use of efficient microorganisms is a
biotechnological alternative for the adaptation of in vitro plants. The present work aims to evaluate the effect of Trichoderma
ghanense, arbuscular mycorrhizae, and a liquid biofertilizer in meristematic plants of banana variety William in the acclimatization
and vivarium phases. Factorial design 2(k) with 20 treatments were used under greenhouse conditions for six weeks in two phases.
The best treatment on the acclimatization phase was B10 increasing the height by 29.6 % and the diameter by 19.9 %, while in the
leaf area the best treatment was B19 with 84.7 % increase. Identically, into the nursery phase, the best treatment was B19, with
increases of 14.5 % height, 19.3 % diameter of pseudostem, 13.4 % foliar area, 91.8 % root length, 39.98 % wet weight, and 90.5 %
dry weight. Finally, in both phases, the mycorrhization percentage was more significant than 45 %. The survival percentages were
100 % during the acclimatization phase. Therefore, it is concluded that bioproducts constitute an alternative for the management
and adaptation of plants produced by in vitro methodology.

Key words: Adaptation, bioproducts, mycorrhization, survival.
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Introduccion

La multiplicacion meristeméatica de banano in vitro resuel-
ve problemas fitosanitarios y constituye una herramienta en el
mejoramiento genético para la obtencion de plantas elites con
desarrollo vigoroso'?, esta técnica comprende las etapas de
establecimiento, multiplicacién, enraizamiento, aclimatacion y
vivero'. La eficiencia y calidad del proceso de las plantas me-
ristematicas dependen en parte de la fase de aclimatacion y
vivero; dado que, las condiciones ambientales son diferentes
a las condiciones in vitro®, los explantes enraizados son sensi-
bles a cambios agrometeoroldgicos provocando que las mis-
mas no sobrevivan e incluso tarden extensas semanas para
su adaptacion®. Por tal motivo, en la fase de aclimatacion es
necesario temperaturas promedias de 25+ 2 “Ccon 70a 90 %
de humedad relativa y baja luminosidad®.

En las fases de aclimatizacién y vivero de las plantas de

banano, estas dejan de usar medios ricos de sales y hormo-
nas, por un sustrato que puede estar conformado por compost,
arena, cascarilla de arroz, humus de lombriz o turba, con el fin
de adaptar las plantas a condiciones ambientales®, sin embar-
go, el sustrato puede complementarse con insumos organicos
que ayudan a mejorar la aclimatacion de las plantas’®. Se ha
demostrado que aplicar biol, hongos micorrizicos arbusculares
(HMA) y cepas de Trichoderma spp., como insumos en el sus-
trato, ayudan al desarrollo radicular y aéreo de las plantas®.
La aplicacién de HMA en plantas meristematicas de ba-
nano (Musa paradisiaca) en fase de aclimatacion ha permitido
registrar mejoras cuantificables en crecimiento y grosor del
pseudotallo de las plantas in vitro, incrementando el contenido
de nitrégeno y fésforo en las hojas. Adicionalmente, la sim-
biosis entre raices de las plantas y HMA producen un inter-

TEscuela Superior Politécnica del Litoral, ESPOL, Facultad de Ciencias de la Vida, FCV, Centro de Investigaciones Biotecnoldgicas del Ecuador, CIBE, Guayaquil,

Ecuador.
2Universidad de Guayaquil, Guayaquil, Guayas, Ecuador.

*Corresponding author: mbarcos@espol.edu.ec
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cambio bidireccional de nutrientes!® y mejora la fertilidad del
suelo creando una nutricion balanceada. Asi mismo, inocular
microorganismos del género Trichoderma y HMA en plantas
obtenidas in vitro ha permitido que las plantulas se adapten
mejor a las condiciones de invernadero?,

Las cepas de hongos del género Trichoderma son conside-
radas como biocontroladoras de enfermedades, que ayudan a
mejorar la produccién y rentabilidad de diferentes cultivos; por
su parte, las diferentes especies de Trichoderma poseen me-
canismos de accidn; tales como, micoparasitismo, antibiosis,
competicidn por los nutrientes, biofertilizacion y produccion de
compuestos volatiles'®. Las Trichodermas a través del meca-
nismo de biofertilizacién solubiliza nutrientes del suelo y los
proporciona a las plantas, esto lo logra a través de su répido
crecimiento hifal que penetra la epidermis de la raiz**.

Estudios por Cromatografia Liquida de Alta Resolucion
(por sus siglas en inglés HPLC) de cepas de Trichoderma gha-
nense, Trichoderma harzianun 'y Trichoderma hamatum inocu-
ladas en plantas de Cucumis melo, demostro la produccion de
fitohormonas que influyen en la defensa de las plantas como
acido salicilico (AS) y acido jasmdnico (AJ) en las raices y bro-
tes'. Por otra parte, el biol conocido como un abono liquido
orgdnico obtenido por descomposicion anaeradbica de microor-
ganismos, es considera como un biofertilizante para el fortale-
cimientoy nutricion de las plantas, que a su vez ayuda a redu-
cir los problemas de estrés abidtico y permite la recuperacion
y reactivacidn de la vida del suelo'®*’. Con estos antecedentes,
este trabajo tiene como objetivo evaluar el efecto de la aplica-
cion de Trichoderma ghanense, micorrizas arbusculares y un
biofertilizante liquido (biol) en plantas meristematicas de ba-
nano variedad Williams en las fases de aclimatacién y vivero,
con el fin, de determinar cual es la mejor combinacion.

|
Materiales y métodos

Material vegetal y bioinsumos

Las plantas meristematicas de banano variedad Williams
utilizadas en este estudio disponian de una altura inicial de
2,5 cm provenientes del laboratorio de cultivo de tejidos del
Centro de Investigaciones Biotecnoldgicas del Ecuador de la
Escuela Superior Politécnica del Litoral (CIBE-ESPOL).

La cepa Trichoderma ghanense y el consorcio de hongos
micorricicos arbusculares (HMA) (Acaulospora sp., Ambispora
sp., Diversispora sp., Entrophospora sp., Funneliformis sp. y Glo-
mus sp.) pertenecen al banco de microorganismos del CIBE.

Condiciones del experimento

El experimento constd de una primera fase de aclimata-
cion (FA) y una segunda fase de vivero (FV), en ambas fases se
empleo un sustrato que contenia arena y turba en proporcién
2:1, las caracteristicas fisicoquimicas del sustrato son: pH 6,8
(suelo: agua 1:2,5), 1,5 % de materia orgénica (Walkey Black), y
en (ug/mL) 13.0de N, 21.0 de P, 0.5 de B (colorimetria), 56.0 de
K,1993.0 de Ca, 245.0 de Mg, 1.7 de Zn, 14.0 de Fe (absorcion
atémica), 41.0 de S (turbidimetria).

El sustrato se colocd en fundas de polietileno de color ne-
gro que contenian un volumen de 250 g para la FA; mientras
que, en la FV las fundas contenian un volumen de 1750 g. Las
plantas de banano crecieron a una temperaturade 28 £2°Cy
75 % de humedad relativa.

El riego en la FA se aplicd 5 mL/planta, tres dias a la se-
mana; mientras que, en la FV fue 50 mL/planta, tres dias a la
semana’®, La aplicacién de los insumos organicos se realizd en

las dosis recomendadas segun las descripciones de los trata-
mientos planteados en el disefio experimental, la inoculacién
del consorcio de los HMA fue realizado una sola vez al mo-
mento del trasplante, aplicando entre 50 y 100 g de inoculo,
con una concentracion de 20 esporas/g de sustrato'®. Con res-
pecto a la inoculacion de T. ghanense se realizé agregando una
suspension de esporas (10 mL/planta) a una concentracion de
1x10% y 1x108 segun el tratamiento, esto se aplicd al inicio en
cada una de las fases y a los 15 dias después del trasplante?.

El biol fue aplicado al sustrato desde el inicio hasta la fi-
nalizacién de los experimentos en ambas fases con dosis de 5
mL/planta con intervalos de 15 dias". La fertilizacidn conven-
cional se realizd dos veces por semana aplicando un volumen
de 5 mL/planta en la FA y 10 mL/planta en la FV segun los
tratamientos. La fertilizacién convencional contenia en (g/L):
0,9 de NH,NO,, 1,04 de NH,H,PO, y 0,85 de KCL

Se empled un disefio experimental factorial 2 para la FA
y FV considerando como factores en estudios: micorrizas ar-
busculares, Trichoderma ghanense, biol y la fertilizacion con-
vencional, como se describen en la tabla 1.

Parametros agrondmicos Yy fisioldgicos

En la FA se evaluaron pardmetros de altura, didmetro del
pseudotallo, drea foliar y porcentaje de micorrizacién; mien-
tras que, en la FV ademas de los pardmetros antes menciona-
dos se evaluaron contenido de clorofila, contenido de N-P-K en
hojas, longitud radicular, peso seco, humedo y reaislamiento
de T. ghanense del sustrato al finalizar el experimento.

La altura se realizd con una regla milimetrada midiendo
desde la base del pseudotallo hasta donde se bifurcan las dos
ultimas hojas. El didmetro del pseudotallo se midié en la base,
utilizando un calibrador o pie de rey, marca electronic digital cali-
pera. Para el drea foliar se utilizé un escaner marca Edson L395,
se cortaron y escanearon las tres ultimas hojas mas joven (no
incluye la hoja cigarro), en formato imagen JPG para a través
del software de procesamiento y andlisis de imagenes ImageJ®,
determinar el érea foliar por cada tratamiento en estudio?.

Para cuantificar el contenido de clorofila, se realizaron lec-
turas a la sexta semana en la tercera hoja mas joven de las plan-
tas de banano, utilizando un medidor electrénico marca Minolta
SPAD 502, que determina a la clorofila en unidades SPAD.

Para determinar el peso humedo y seco de las plantas
de banano se pesaron en una balanza analitica (marca entris,
modelo ENTRIS224i-1S de calibracion interna), el peso seco
se obtuvo después de secar las plantas en una estufa a 80 °C
hasta obtener el peso constante?,

Para cuantificar el contenido de N-P-K, se cort6 la terce-
ra hoja de los diferentes tratamientos. Las muestras fueron
enviadas al laboratorio del INIAP Litoral del Sur “Dr. Enrique
Ampuero Pareja"23, donde las muestras fueron pulverizadas
mediante un molino eléctrico, luego fueron ingresadas a un
digestor de microondas a temperatura de 200 °C por 1 h (Mi-
lestone, VAC-1000 ACID SCRUBBER MODULE), transcurrido
este tiempo el digerido se analizé en un espectrofotémetro de
absorcidn atomica (Perkin Elmer, Aanalyst 400).

Porcentaje de micorrizacion

Se empled el procedimiento de tincién de raices propuesto
por Phillips y Hamman?#. Se tomaron raices de las plantas de
banano y se lavaron con agua, fueron sumergidas en KOH al 10
%y autoclavadas por 10 mina 121 °C (15 lb de presidn). Se retird
el KOH para remplazarlo por HCl al 1 % dejando en reposo por 3
min, posteriormente se retird el HCl y se agregd azul de tripano
al 0,05 % en lactoglicerol y se autoclavd segun las condiciones
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Tabla 1. Descripcion de las combinaciones del disefio experimental 214,

antes mencionadas. Las raices fueron colocadas en portaobje-
tos para determinar el porcentaje de micorrizacion (% MIC) a
través de la formula propuesta por McGonigle et al.?.

Reaislamiento de 7richoderma ghanense

Se tomd 1 g del sustrato de los tratamientos que fueron
inoculados con T. ghanense y se depositd en un tubo falcén de
14 mL que contenia 10 mL de agua destilada esterilizada. A
partir de esta solucion se realizaron diluciones seriadas hasta
107, luego se tomo 100 pL para ser sembrado en una caja petri
con medio PDA e incubada a 30 + 1 °C por 96 horas?. Al crecer
el hongo se realizd una resiembra en medio PDA; no obstan-
te, para comprobar la presencia del T. ghanense se empled la
técnica de montaje con porta y cubre objeto adicionando azul
de metileno al 1 % para la tincion del hongo French & Hebert?".
Las estructuras morfoldgicas fueron comparadas con los re-
portes de Barrera?.

Analisis estadistico

Los datos se analizaron con estadistica descriptiva, ané-
lisis de varianza (ANOVA) y comparacion de contraste de me-
dias con la prueba de Tukey (p<0.05), previo de considerar la
normalidad de los datos mediante la prueba de Shapiro-Wilk
(a=0.05) mediante el uso del Software estadistico InfoStat
version estudiantil 2017.

Formula. Férmula propuesta por McGonigle et al.?.

|
Resultados y discusion

Adaptacion de las plantulas de banano

Los tratamientos que fueron inoculados con T. ghanense,
consorcio de micorrizas y biol presentaron un 100 % de super-
vivencia a la sexta semana en la fase de aclimatacion en com-
paracion al control que presentd un 84 % (tabla 2). Aplicando
estos hioinsumos se mejoro el porcentaje de supervivencia de
las plantas in vitro®, lo cual puede deberse a que las micorrizas;
estimulan en las plantas la sintesis de proteinas implicadas
en la tolerancia al estrés bidtico y abidtico?, es decir, las rai-
ces micorrizadas mantienen la integridad celular y limitan la
necesidad de expansion de las células de la raiz, mejorando
la absorcién hidrica del suelo y aumentando el contenido de
agua en la biomasa aérea, permitiendo optimizar el desarrollo
de la planta®.

Ortas et al.? aplicando de manera independiente especies de
Glomus caledonium y Glomus macrocarpum alcanzaron 40,0 y
66,7 % de supervivencia en la fase de aclimatacion en plantas de
banano variedad Dwarf. Pérez et al.*' aclimatando plantas in vitro
de Rubus glaucus utilizaron Glomus sp., Pseudomonas migulae y
Bacillus amyloliquefaciens, lograron una mejor adaptacion, de-
sarrollo y vigor de las plantulas con una supervivencia del 80 %.
Por otro lado, T. ghanense induce a las plantas a producir AS y
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AJ que influyen en la defensa contra el estrés abidtico, llegando
a mejorar la adaptacién en ambientes adversos®®,

Variables agrondmicas de la fase de aclimatacion (FA)

A la sexta semana los tratamientos B10 y B8 para la altu-
ray diametro del pseudotallo presentaron los mejores valores
con diferencias estadisticas significativas en comparacion al
control (tabla 2), los dos tratamientos son superiores en altura
y similares en diametro a los reportados por Montejo et al.*,
quienes alcanzaron 8,0 cm de altura y 6,80 mm de diametro
a los 30 dfas en plantas de banano variedad FHIA-03 al cre-
cer en un sustrato compuesto de bioinsumos soélidos a base
de 50 % humus de lombriz y 50 % compost mds la adicidn
de un bioinsumo liquido de humus de lombriz fortificado con

fitohormonas (auxinas, giberelinas), por otra parte, Acosta y
Galindo® observaron que sumergir las raices en brasinoeste-
roide en una dosis de 0,01 mg/L en plantas in vitro de banano
variedad FHIA-18, previo al trasplante en la fase de aclimata-
cién obtuvieron 4,5 cm de altura y 6,6 mm de didmetro a los
45 dias, siendo estos valores inferiores en altura y similares en
didmetro a lo reportado en los tratamientos B10 y B8.

La aplicacién combinada de T. ghanense y el consorcio de
micorrizas favorecieron el crecimiento en altura y didmetro del
tallo de las plantas de banano en fase de aclimatacion, lo que
puede deberse a que estos microorganismos tienen la capaci-
dad de producir diferentes compuestos quimicos como el &ci-
do indolacético (AlA) y acido indolbutirico (AIB), ademas de la
solubilizacion del fésforo presente en el sustrato?. Robinson y

Tabla 2. Resultados de los pardmetros agrondmicos evaluados a la sexta semana de la fase de aclimatacion.
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Galan®, mencionan que una planta aclimatada de banano debe
presentar una altura promedio de 7 cm y 6 mm de didmetro
del pseudotallo para pasar a fase de vivero.

En la variable area foliar, evaluada a la sexta semana en
la fase de aclimatacién no se encontro diferencia estadistica
significativa entre los tratamientos en comparacion al control,
al aplicar el test estadistico de Tukey (p<0,05), no obstante, los
tratamientos que contenian los bioinsumos presentaron pro-
medios mayores al control, siendo el mejor tratamiento B19
alcanzando 38,14 + 2,1 cm? en comparacion al control que al-
canzo 20,65 £ 4,1 cm? (Figura 1A). El resultado obtenido en el
B19 fue superior al reportado por Acosta y Galindo®, quienes
obtuvieron un area foliar de 25,93 cm? al aclimatar plantas in
vitro de banano FHIA-18, aplicando brasinoesteroide al mo-
mento del trasplante; lo que demuestra que la inoculacion de
HMA en el tratamiento B19 mejord el desarrollo foliar de las
plantas. Folli-Pereira et al.?®, afirman que las diferentes res-
puestas morfoldgicas manifestadas en plantas micorrizadas
involucran un superior desarrollo, seguido de cambios fisiol6-
gicos y bioguimicos, resultando en el aumento de las estruc-
turas aéreas de las plantas, en este contexto, Estrada-Luna y
Davis® mencionan que una rapida colonizacion de HMA en las
raices mejora la fisiologfa de las plantas, incluso ayudan a re-
cuperarse rapido durante la aclimatacién y a generar un mayor
crecimiento durante la post-aclimatacion.

Variables agrondémicas de la fase de vivero (FV)

Los mejores resultados en altura y didmetro del pseudo-
tallo en la FV se obtuvieron en el tratamiento B19 en compa-
racion al control (tabla 3). ELl crecimiento en el B19 es favo-
recido por la presencia de los HMA ya que estos permiten la
asimilacion y solubilizacion de los minerales presentes en el

sustrato®®, Efectos similares han sido obtenidos por Koffi y
Declerck®, quienes inoculando HMA en plantas in vitro de ba-
nano en condiciones controladas lograron a la quinta semana
una altura de 15,02 cm y 17,8 mm de didmetro; mientras que,
Barrera-Violeth et al.®, inocularon Glomus sp., Acaulospora sp.
y Scutellospora sp. en plantas de platano, variedad Hartén en
fase de vivero, obtuvieron crecimientos significativos de 50 cm
de alturay 32,3 mm de didmetro a los 90 dias.

El tratamiento B15 y B19 consiguieron un éarea foliar de
181,45+ 9,3 cm?y 171,50 + 9,6 cm? respectivamente, presen-
tado estos dos tratamientos diferencia estadistica significativa
en comparacién al control que alcanzé 151,24 + 7,8 cm? (Figu-
ra 1B), respecto al contenido de clorofila el mejor tratamiento
fue el B17 obteniendo 47,4 + 0,7 unidad SPAD en comparacion
al control que obtuvo 46,6 + 0,7. Pérez et al.®', aplicando una
combinacién de micorriza del género Glomus sp. y una Rhizo-
bacteria (Pseudomonas migulae) en plantas in vitro de Rubus
glaucus L., a los 80 dias aumentd el area foliar a 73,87 cm?
respecto al control que consiguid 52,41 cm?, en este contexto,
Estrada-Lunay Davis®, inocularon con HMA plantas micropro-
pagadas de pimiento (Capsicum annuum) y observaron un ma-
yor aumento del &rea foliar y contenido de clorofila a diferencia
de las plantas que no contenian micorrizas.

El aumento del area foliar y contenido de clorofila de los
tratamientos inoculados con HMA, T. ghanense y biol ejercie-
ron efectos al aplicarlos directamente al sustrato, lugar donde
crecen las raices de las plantas®, es asi, que la aplicacion de
un consorcio de HMA estimulan el desarrollo foliar, permitien-
do una mayor actividad fotosintética o produccion de fotoasi-
milados y contenido de clorofila“®*, mientras que, la aplicacién
del biofertilizante liquido (biol) aporta al sustrato con nitrége-
no y fésforo asimilable para las plantas®.

Figura 1. Comportamiento del drea foliar. A: Area foliar evaluado a la sexta semana fase de aclimatacion. B: Area foliar y
contenido de clorofila evaluado a la sexta en fase de vivero. Letras distintas sobre las barras indican diferencias estadisticas
significativas segun test de Tukey (p<0,05); £ error experimental; * control.
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Tabla 3. Variables de crecimientos evaluadas a la sexta semana de la fase de vivero.

Analisis foliar, biomasa himeda y seca

Los resultados del andlisis foliar de las plantas meristemati-
ca de FV arrojaron que el tratamiento que presentd mayor conte-
nido de potasio (K) en sus hojas fue el tratamiento B12 en compa-
racion al control; los valores obtenidos en el B12 estéan en el rango
6ptimo segun lo reportado por Lépez y Espinoza® ver (tabla 4).

El alto contenido de P y K presente en las plantas, indican
que estos elementos fueron asimilados gracias a que sus rai-
ces estan inoculadas con HMA y la cepa T. ghanense; hongos
que permiten la solubilizacion de los fosfatos del sustrato, mi-
cronutrientes y cationes minerales, como hierro, manganeso y
magnesio, permitiendo que las plantas los absorban mejor#341,
En el trabajo reportado por Ortas et al.?, observaron que al ino-
cular micorrizas del género Glomus caledonium se encontrd en
las hojas de platano variedad Dwarf Cavendish una mayor ab-
sorcién de 2,1 g/kg de fésforo; mientras que, al aplicar Glomus
macrocarpum obtuvieron 1,3 g/kg, siendo superior al control 0,6
g/kg. Asi mismo, Rui-Xia et al.*?, observaron que al inocular T.
harzianum surge un efecto directo en el desarrollo de la raiz, lo

que repercute directamente en la absorcién de los nutrientes.

La mayor cantidad de biomasa humeda y seca en FV se pre-
sento en los tratamientos B20 y B19, encontrando diferencias
estadisticas significativas en comparacion al control (tabla 4).

La respuesta observada en la produccion de biomasa en
el B20 podria deberse a la presencia de T. ghanense; mientras
que, en el B19 a la inoculacion de los HMA. Neyra et al.?? apli-
cando 5 mL de una suspensién 1x10° esporas/mL de Tricho-
derma viride estimulé el desarrollo de plantulas de Capsicum
annum L. var. Longum generando una mayor cantidad de bio-
masa en condiciones de laboratorio, asi mismo, Kamaruzza-
man et al.*4, al aplicar T. harzianum evidencié una estimulacién
en el crecimiento y produccion de biomasa en las plantas de
Arachis hypogaea. Las cepas de microorganismos usadas en
este trabajo aportaron a la asimilacién de los nutrientes y esti-
mularon el desarrollo de las plantas de banano®.

Longitud radicular y porcentaje de micorrizacién

La mejor longitud radicular se encontré en el tratamiento
B19, presentando diferencia estadistica significativa en com-
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Tabla 4. Resultados del analisis foliar de las plantas meristematica de banano y biomasa himeda y seca evaluada a la sexta

semana de la fase de vivero.

*Control fertilizacién convencional; *Rangos dptimos del analisis foliar segun lo establecido por Lépez y Espinoza (1995); nitré-

geno (N), fosforo (P),

potasio (K); + error experimental; letras distintas en la hilera indican diferencias significativas segun test de Tukey (p<0,05).

paracion al control (Figura 2A). EL crecimiento radicular desa-
rrollado en el tratamiento B19 podria deberse a la inoculacion
del consorcio de HMA nativos, donde se encontré un alto por-
centaje de micorrizacion (Figura 2B).

En la FA los tratamientos inoculados con el consorcio de
HMA presentaron valores entre 40 y 70 % de micorrizacion;
mientras que, en la FV se obtuvo del 55y 90 % siendo supe-
riores a los de la FA; En ambas fases el tratamiento B19 fue el
que presento mayor porcentaje de micorrizacion (Figura 2B) y
(Figura 3 C-D). Koffi y Declerck® inoculando HMA en plantas in
vitro de banano bajo condiciones controladas, adquirieron por-
centaje de micorrizacion de 40 y 64,7 % a la séptima semana,
utilizando un sustrato compuesto de turba y arena en fase de
aclimatacioén. Por su parte, Ortas et al., aplicaron de manera
independiente especies de Glomus caledonium y Glomus ma-
crocarpum, consiguiendo 50,8 y 68,8 % de micorrizacion en la

fase de aclimatacion en plantas de banano variedad Dwarf.

Los resultados obtenidos en la FV son superiores a los re-
portados por Navnita et al.®, quienes consiguieron porcentaje
de micorrizacion entre 30,8 y 82,0 % a los 120 dias utilizando
interacciones de HMA como Glomus mosseae y Acaulospora
laevis y una cepa de Trichoderma sp., en este contexto Barre-
ra-Violeth et al.®, en plantas de platano Hartdn inoculando
géneros de micorriza Glomus sp., Acaulospora sp., y Scutellos-
pora sp., en fase de vivero obtuvieron porcentaje de micorriza-
cién de 91,1 %. Por lo tanto, se comprueba que trabajar con un
consorcio de micorrizas garantiza una mayor infeccion de los
HMA en plantas de banano.

Al finalizar el experimento en la fase de vivero, se compro-
bo la presencia de T. ghanense a través de la caracterizacion
morfoldgica de Barrera®, en los tratamientos que fueron ino-
culados figura 3 A-B.
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Figura 2. Longitud radicular y porcentaje de micorrizacién. A: Valores promedios de la longitud radicular de los tratamientos
en fase de vivero; letras distintas sobre las barras indican diferencias estadisticas significativas segun test de Tukey (p<0,05); £
error experimental; * control. B: Porcentaje de micorrizacion de las fases de aclimatacion y vivero evaluada a la sexta semana

después de la inoculacidn; * tratamientos sin la inoculacion de HMA.

Figura 3. Microestructuras de la
cepa Trichoderma ghanense reais-
ladas del sustrato al finalizar el en-
sayo y del consorcio de HMA, Ay
B) Conidios y fidlides tuberculadas
o lageniforme de T. ghanense, C y
D) Hifas y vesiculas del consorcio
de HMA observadas en lente de
40X.
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|
Conclusiones

La aplicacién de bioinsumos mejoran los parametros mor-
foldgicos, fisioldgicas y de nutricidn en las plantas meristema-
tica de banano en la fase de aclimatacion y vivero al promover
la asimilacion de los nutrientes presentes en el sustrato, lo que
se traduce en un menor nivel de estrés al trasplante, periodos
cortos de las fases de aclimatacion y vivero, y una tasa de mor-
talidad de 0%. A través del analisis foliar se comprobd que los
tratamientos inoculados con el consorcio de micorrizas, T. gha-
nense'y el biol lograron alcanzar rangos 6ptimos de nutricién en
nitrégeno, fésforo y potasio en la fase de vivero. Asi las plantas
de B19 (Fertilizacion convencional + Micorriza 100 g) a la sexta
semana en la fase de vivero, alcanzaron los parametros éptimos
de altura y diametro (tabla 3), para ser trasplantadas a campo,
lo que reduce a la mitad los tiempos de entrega a los producto-
res bananeros.

T. ghanensey el consorcio de los hongos formadores de mi-
corrizas demostraron estimular el crecimiento de las plantas de
banano en fase de aclimatacion y vivero, esto se podria deber a
la produccion de fitasa, enzima que tiene la capacidad de liberar
fésforo asimilable para las plantas, o mediante la produccién de
fitohormaonas generada por ambos microorganismos.
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Genetic transformation of apical meristematic shoots in the banana cultivar
‘Williams’

Liliana Villao!, José Flores!?, Efrén Santos-Ordéfiez*3 DOI.10.21931/RB/2021.06.01.4
Abstract: Bananas and plantains (Musa spp.) are among the most critical socioeconomic crops globally, being a staple
food for millions of people in the tropics and an essential component for the export market, including the subtropics. Besides
conventional breeding, genetic improvement of bananas and plantains could be performed through genetic engineering and new
breeding techniques. Furthermore, plant tissue culture is essential for these technologies, including developing embryogenic cell
suspensions and in vitro plants. The transient and stable genetic transformation could be performed from in vitro plants, shortening
Musa transgenic lines development compared to genetic transformation while using embryogenic cell suspension. In this study,
a genetic transformation protocol was established from banana apical meristems for the ‘Williams' cultivar (genotype AAA). The
protocol was based on the co-cultivation of the explants (whole in vitro plants or bisected meristematic tissues derived from in
vitro plants) with Agrobacterium tumefaciens strain LBA4404 harboring two binary vectors denominated pLVCIBE] (cassette:
MabHIPP promoter:luc2::Tnos, P35S:hpt::Tnos) and pLVCIBE2 (cassette: P35S::(uc2::Tnos, P35S::hpt::Tnos), independently. The
stable genetic transformation was obtained by subculturing in vitro banana plants in selection medium (12.5ug/mL of hygromycin)
for 8 weeks from bisected meristematic tissue transformation. Genetic transformation was confirmed in vivo with the use of the
luciferase reporter gene system. Furthermore, PCR was performed on DNA extracted from leaves of regenerated transgenic in vitro
plants after 8 weeks of selection, confirming stable genetic transformation. Therefore, genetic transformation was achieved in the

apical meristematic tissue of in vitro banana plants with co-cultivation of Agrobacterium tumefaciens.

Key words: Agrobacterium tumefaciens, luciferase, micropropagation, promoter.

|
Introduction

Banana and plantain crops (Musa spp.) have great impor-
tance in the tropics and some subtropical regions worldwide
due to the export market and food security. In Ecuador, this
fruit's consumption is massive and form part of the daily diet
for millions of peoplel. Banana and plantain crops are affected
by biotic and abiotic stresses. Genetic improvement arises as
an essential strategy to overcome reduced productivity due to
different stresses in the crops. Musa's conventional breeding is
difficult due to different factors including high level of sterility,
inrerploidy crosses, low rates of seed germination, and long
crop cycle®?,

On the other hand, genetic engineering techniques are al-
ternative tools for the conventional breeding process, which
may overcome some of the issues, including sterility and len-
gth, for the genetic improvement because several crosses
should be performed in conventional breeding?s. Therefore,
the use of breeding technologies, including genetic engineering
and recently, genome editing, has revolutionized genetic modi-
fication strategies for basic and applied science®. The search
for a methodology to obtain in vitro banana transgenic plants
in weeks after co-cultivation with Agrobacterium tumefaciens
was the objective of this research. Usually, six to twelve mon-
ths could last to obtain transgenic in vitro banana plants after
Agrobacterium-mediated transformation of embryogenic cell
suspensions. Furthermore, the development of embryogenic
cell suspensions could take eight to twelve months?3567, The-
refore, the genetic transformation from in vitro banana plants
was performed through Agrobacterium tumefaciens; and con-
firmation of transformation was performed by using the lucife-
rase reporter gene system and PCR.

|
Materials and methods

Plants preparation

Banana in vitro plants of the cultivar 'Williams' was ob-
tained from the germplasm bank of the Tissue Culture area
from CIBE-ESPOL. In vitro, plants were maintained according
to Korneva et al ®.

Agrobacterium strains and plasmids

In this study, the Agrobacterium tumefaciens strain
LBA404 was used, and the binary vectors pLVCIBEL and pLV-
CIBE2 were developed containing the gene cassettes PMabHI-
PP:luc2:Tnos and P35S::luc2: Tnos, respectively®. The selecta-
ble marker gene used was the hpt for hygromycin B resistance,
fused to the CaMV 35S promoter.

The plasmids were transferred to agrobacteria by using 1
ug of DNA from plasmid mixed with A. tumefaciens competent
cells strain LBA404. Briefly, the competent cells were frozen
together with the plasmid using liquid nitrogen, then a heat
shock treatment was given at 37°C for 5 minutes in a water
bath, and finally, samples were incubated for 5 minutes on ice.
Bacteria were incubated for four hours on YEP liquid medium
(peptone 10g/L, yeast extract 10g/L, NaCl5g/L) at 28°C on a
shaker at 225 rpm. Samples were centrifuged for 30 seconds
at 3000g, the supernatant was discarded, and cells were re-
suspended in 100 pl of YEP liquid medium. The bacterial sus-
pension was cultured into Petri dishes with YEP solid medium
with 50 pg/mL of the antibiotics rifampicin (Sigma), and 50pg/
mL of kanamycin (Calbiochem). Samples were then incubated
at 28°C for 2 days.
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Preparation of Agrobacterium for genetic transformation
using 'Williams' meristematic tissue

A single colony of A. tumefaciens was inoculated into 5
mL of liquid YEP medium containing kanamycin (50 pg/mL)
and rifampicin (50 pg/mL) and grown overnight at 28°C on a
rotary shaker at 200 rpm. An aliquot (1 mL) of the overnight
culture was inoculated into 50 mL of liquid YEP medium con-
taining the same antibiotics and allowed to grow at 28°C with
vigorous shaking until the OD,,, reached approximately 0.8
units'®t, The bacteria suspension was centrifuged at 5000 g
for 10 minutes and resuspended in 25 mL of MS medium wi-
thout antibiotics for 30 minutes at 25 rpm.

Inoculation and co-cultivation of explants

Co-cultivation of agrobacteria with banana explants was
performed in MS culture medium supplemented with ace-
tosyringone (200 uM) without antibiotics for 30 min at 100 rpm.
After co-cultivation of agrobacteria with ‘Williams' banana ex-
plants, a vacuum infiltration was performed at 400 mmHg for
10 minutes in MS medium supplemented with acetosyringone
(200 pM) and maintained for 18 hours at 70 rpm in complete
darkness. Two consecutive washes of 60 minutes each in fresh
MS liquid medium were performed and maintained in dark-
ness. After washing, the explants were maintained on sterile
paper towels for drying, following subculture in semisolid MS
medium, and incubation at 21°C for 3 days in complete dark-
ness. After this time, the explants were subcultured in fresh
semisolid MS medium, supplemented with Timentin (200 pg/
mL) and hygromycin B (12.5 ug/mL) for 15 days at 25°C.

The same co-cultivation methodology was performed using
two types of explants; i) whole in vitro plants (approximately 3-cm
in height) without any excision, and ii) a bisected 2-cm region cut
from the meristematic tissue of in vitro plants. For both cases, the
banana cultivar 'Williams' (genotype AAA) was used (Fig. 1).

Luciferase (LUC) activity assay

For the transformation of the whole in vitro banana plants,
luciferase activity assays were performed on explants after 15
days under a selection medium containing 200 pg/mL of Ti-
mentin and 12.5 pg/mL of hygromycin B (15 days after Agro-
bacterium infection). In vitro banana plants were transferred to
sterilized 9-cm Petri dishes before the application of luciferin.
The equipment STELLA3200 (Raytest, Germany) was used
to detect LUC activity in complete darkness, using a CCD ca-
mera, after 20 pl of luciferin (500 pM) on the banana plants.
The acquisition time was 1 min, and the data obtained were
analyzed with the AIDA Raytest software (Raytest, Germany).

Selection and regeneration

For the excised bisected meristematic region, selection and re-
generation were performed by subculturing on fresh BN semisolid
medium supplemented with Timentin (200ug/mL) and hygromy-
cin B (12.5ug/mL), with subculturing every two weeks on fresh
medium at 25°C with a 16-h photoperiod for a total of eight weeks.

Polymerase chain reaction to detect transgenic events

To confirm the genetic transformation of the plants re-
generated from the excised meristematic region after two
months of co-cultivation with A. tumefaciens, a PCR was per-
formed with specific primers to detect the nopaline syntha-
se terminator (TnosF-1: GAATCCTGTTGCCGGTCTTG; and,
TnosR-2: TTATCCTAGTTTGCGCGCTA), the expected ampli-
con size was 180 bp; and the hpt gene (HPTF-1: GATGTTGGC-
GACCTCGTATT,; and, HPTR-2: CACTGGCAAACTGTGATGGA),

the expected amplicon size was 216 bp. DNA extraction was
performed from leaf tissues using a CTAB modified protocol,
according to Pacheco Coello et al.12. PCR conditions include
initial denaturation of 95°C for 3 minutes; then 30 cycles of
95°C for 30 seconds, 57°C for 30 seconds, and 72°C for 30 se-
conds; with a final extension of 72°C for 5 minutes. The results
were visualized on 1.2% agarose gels in 1X TAE buffer.

|
Results

Once the transformation and subculture process was
completed, about 20 shoots were obtained from the meriste-
matic tissue, and they were kept in MS culture medium in Petri
dishes following subculture to glass flasks with the same me-
dium changes to fresh culture medium every two weeks. After
two weeks of Agrobacterium infection of in vitro plants, lucife-
rase activity was detected in the banana plants transformed,
showing expression in all banana tissues (Fig. 2). and seven out
of ten putative transgenic lines tested showed PCR amplifica-
tion (Fig. 3). Both results confirmed the genetic transformation
using in vitro banana plants.

The protocol developed will facilitate plants' genetic
transformation of different banana and plantain cultivars and
other plant species®. It should also be emphasized that the
methodology using Agrobacterium tumefaciens is one of the
most used due to its simplicity in terms of techniques and can
be used in different types of plant tissues such as those de-
monstrated in this research®.

Although the genetic transformation of embryogenic cell
suspension in banana is preferred because transgenic chime-
ric plants are avoided; several studies developed transforma-
tion using meristematic or in vitro plants in Musa varieties
(reviewed by Ldpez et al.'®), indicating that this methodology
is useful, which was confirmed in this study using luciferase
reporter genes and PCR.

|
Conclusions

In this study, we demonstrated the genetic transformation
of apical meristems from the Musa cultivar ‘Williams', allowing
the regeneration of transgenic plants in a short period. The
Agrobacterium strain LBA4404 could genetically transformed
in vitro plants of the banana cultivar 'Williams', by using hy-
gromycin B (12.5ug/mL) in the selection process. The lucifera-
se reporter gene system was functional in banana by using the
codon-optimized (uc?. This transformation methodology could
be used for gene functional studies or genetic improvement for
(a)biotic stress resistance in banana and plantain.
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Figure 1. In vitro banana plants from the 'Williams' cultivar used for transformation. B. Excised bisected banana meristematic
tissue region with approximately 2-cm in length (arrow). C. Co-culture process in MS medium supplemented with acetosyrin-
gone (200 pM) and Agrobacterium tumefaciens with and 0.D.,, - of 0.8 units D. Putative transgenic in vitro plants two months
after the meristematic-transformation process in culture medium BN,

Figure 2. LUC activity assay of in vitro ‘Williams' plants
after 15 days of co-cultivation with Agrobacterium-me-
diated transformation of the whole in vitro plants. In vitro
banana plants were transformed with vectors pLVCIBEL
[MabHIPP promoter®] (A) and pLVCIBE2 (P35S promo-
ter) (B). WHITE LIGHT indicates that the picture was ac-
quired under light conditions, while DARK indicates the
picture was acquired under complete darkness.
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Figure 3. PCR detection of transgenic banana lines after two months of co-cultivation of A. tumefaciens with the bisected
banana in vitro meristems. Agarose gel electrophoresis of PCR using primers to detect the terminator from nopaline synthase
(upper level) and the hygromycin-B-phosphotransferase gene (lower level); both sequences contained in the vectors pLVCIBE1
and pLVCIBE2. Numbers at the left indicate reference sizes of DNA in base pairs (500 bp and 100 bp). Numbers 1-5 indicate
independent transgenic banana lines for each construct. Vectors DNA for pLVCIBE1 and pLVCIBE? are indicated as pl and p2,

respectively. MM refers to 100 bp molecular weight markers.
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Evaluacion del efecto antagonico de una biopelicula con extractos de Samanea
samanfrente a Colletotrichum gloeosporioides responsable de la antracnosis

en mango
Evaluation of the antagonistic effect of a biofilm with extracts of Samanea saman against
Colletotrichum gloeosporioides responsible for anthracnose in mango

Miguel Moreno Paredes”, Lenin Ramiréz-Cando!? Elisa Cedefio Luzardo® DOI. 10.21931/RB/2021.06.01.5
Resumen: La actividad antagonica de extractos etanolicos (EE) e hidroetandlicos (EHE) de corteza y metandlicos (EM) de fruto
de Samanea saman fue evaluada in vitro mediante el método de difusién en pozo frente al hongo patégeno Colletotrichum
gloesporioides; responsable de la antracnosis, con el fin de evaluar su idoneidad para incorporarlos en recubrimientos
biodegradables que ayuden en el control de enfermedades postcosecha en mango (Mangifera indica). Solo el EM mostro actividad
inhibitoria significativa (CMI140uL/mL) en crudo, con un IC50 de 81,85ul./mL. Al aumentar la concentracion del EM en el sistema
recubrimiento-extracto de 140 pL./mL a 200 pL/mL se consiguid una respuesta inhibitoria considerablemente mayor, llevando el
crecimiento micelial a niveles de reproduccién bajo para el hongo en estudio. EL tamizaje fitoquimico de los diferentes solventes
mostré la presencia de metabolitos secundarios de manera variada; sin embargo, comparativamente el extracto metandlico
(EM) del fruto presento la mayor cantidad de estos compuestos tales como alcaloides, taninos, saponinas, terpenoides y resinas
que han sido identificados por sus propiedades, como potentes antimicrobianos y antioxidantes naturales

Palabras clave: Antracnosis, biopelicula, Colletotrichum gloesporioides, difusién en pozo, Samanea saman, tamizaje fitoquimico.

Abstract: The antagonistic activity of ethanolic (EE) and hydroethanolic (EHE) extracts from bark and methanolic (EM) from
Samanea saman fruit was evaluated in vitro using the suitable diffusion method against the pathogenic fungus Colletotrichum
gloesporioides; responsible for anthracnose, to evaluate their suitability for incorporation in biodegradable coatings that help control
post-harvest diseases in mango (Mangifera indica). Only EM showed significant inhibitory activity (MIC140uL / mL) in crude oil, with
an IC50 of 81.85uL / mL. By increasing the concentration of EM in the coating-extract system from 140 puL / mL to 200 yL / mL, a
considerably higher inhibitory response was achieved, bringing mycelial growth to low reproduction levels the fungus under study.
The phytochemical screening of the different solvents showed the presence of secondary metabolites in a varied way; However,
comparatively, the methanolic extract (EM) of the fruit presented the highest amount of these compounds such as alkaloids, tannins,
saponins, terpenoids, and resins that have been identified for their properties, as potent antimicrobials and natural antioxidants.

Key words: Anthracnose, biofilm, Colletotrichum gloesporioides, well diffusion, Samanea saman, phytochemical screening.
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Introduccion

litos secundarios que demuestran sinergismo y alto potencial
antimicrobianc®; siendo la corteza y los frutos de este, iden-
tificados como las principales fuentes de estos metabolitos,

La antracnosis es la principal enfermedad postcosecha
que afecta al mango a nivel mundial, su incidencia puede al-
canzar casi el cien por ciento del total de fruta cosechada - . !
en zonas de alta humedad y fuertes precipitaciones’; siendo ~ @sPecificamente de taninos condensados y alcaloides’.
el hongo Colletotrichum y su teleomorfo los patdgenos més Por las razones arriba expuestas, se hace imperativo el
extendidos a nivel mundial, causantes de esta enfermedad2 ~ Prindar alternativas innovadoras que ayuden al sector agroin-
La antracnosis se ha posicionado como una de las principa- dustrial, y all desarrq[[o de su capacidad exportlabte; brindan{do
les causas por las cuales el mango ecuatoriano no puede ubi- ql mercado mtgrnacpnal, pro.ductos de alta calidad organolép-
carse con ventaja en mercados internacionales frente a sus ~ tic@y deinocuidad alimentaria asegurada.
competidores directos®. Por este motivo, en la actualidad se ha Estudios recientes han reportado que existen alrededor de
desarrollado el uso e implementacién de recubrimientos bio- 2400 especies vegetales con propiedades biocida; y de estos,
degradables o “biopeliculas™ qué; junto con inhibir reacciones 400 especies presentan propiedad fungicida contra 142 hon-
metabélicas asociadas con la maduracién y mantener las pro- 995 diferentes. Los compuestos antimicrobianos pueden estar

piedades mecanicas y sensoriales, pueden actuar en sinergia ~ Presentes en diferentes é/rganos de la planta, por ejemplo, en
con agentes antimicrobianos y antioxidantes*S. semillas, flores, tallos, raices y hojas y su actividad depende

El Samanea saman es considerado como un arbol multi-  de la concentracion, método de extraccion, edad de la planta'y

propésito; ya que no solo posee gran potencialidad como ali-  €Poca de cosecha, entre otros®. .
mento alternativo para rumiantes y monogdstricos en épocas Diversos estudios han |dentln‘|cado a LO? compuestos acti-
de sequia, sino también por ser fuente importante de metabo- YOS responsables de estas propiedades antimicrobianas tales

*Universidad de Guayaquil. Facultad de Ingenierfa Quimica, Guayaquil, Ecuador.
2School of Biological Sciences and Engineering, Yachay Tech University, Urcuqui, Ecuador.
3Universitat Politécnica de Valencia, Espafa.

*Corresponding author: mamoreno@espol.edu.ec
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como fenoles, taninos, alcaloides, saponinas, terpenoides, cu-
marinas, glicosidos, entre otros®.

El Samanea samdn ademas de su utilidad como alimen-
to animal, tiene otros usos importantes como planta melifera,
maderable y medicinal; y es justamente en este Ultimo aspec-
to, que resulta de mucho interés en la actualidad por ser una
planta con actividad antimicrobiana debido a los compuestos
secundarios presentes en ella®.

De manera empirica, las hojas, la corteza, la raiz, las se-
millas y las vainas del Samanea saman han sido usados en
el sistema de medicina tradicional. El extracto alcohdlico de
las hojas inhibe al Mycobacterium tuberculosis y su infusion
es usada como laxante, las semillas se mastican para tratar
el dolor de garganta y la decoccion de la corteza interna y las
hojas frescas se usan para el tratamiento de la diarrea, los res-
friados y enfermedades intestinales'®.

La corteza, follaje y frutos secos tienen la mas baja hume-
dad; por lo que pueden ser conservados por largos periodos,
volviéndose importantes desde el punto de vista investigativo.
El Tamizaje fitoquimico realizado evidencio que en la corteza
y los frutos aparecen identificados los mayores nimeros de
metabolitos secundarios; siendo los méas abundantes alcaloi-
des, taninos, carbohidratos, saponinas, aminoacidos, azucares
reductores y flavonoides’.

Tamizajes fitoquimicos efectuados a las vainas del Sama-
nea saman revelan la presencia de metabolitos secundarios
tales como saponinas, esteroides, alcaloides, taninos, flavonoi-
des y resinas. Analisis cualitativos y cuantitativos encontraron
que los taninos eran del tipo condensados y tienen un gran po-
tencial antimicrobiano y anti fungico®.

LLos taninos han sido reportados por prevenir el desarrollo
de microorganismos a través de la precipitacion de la proteina
microbiana y volviéndolas no disponibles para su metabolis-
mo'L.

Ensayos de cloruro férrico a la corteza del Samanea sa-
man han encontrado la presencia de abundantes taninos del
tipo pirocatecolicos; ademas, en extractos mas polares se de-
tectaron azucares, flavonoides, quinonas, y resinas’.

Evaluaciones del proceso de extraccion de metabolitos
secundarios del S. saman con diferentes solventes encontra-
ron que el etanol brinda mejores caracteristicas de recupera-
cion para la corteza'?.

Analisis al proceso de extraccion de metabolitos secunda-
rios del S. saman con diferentes solventes encontraron que el
metanol brinda mejores caracteristicas de recuperacion para
el fruto'®.

El uso de recubrimientos de frutas con biopeliculas es una
tendencia tecnoldgica que disminuye la perdida de humedad,
compuestos volatiles, disminucién de la tasa de respiracion y
retarda la oxidacion enzimatica. Recubrimientos comestibles
a partir de almidones obtenidos de fuentes como arroz o yuca
han sido aplicados en toronja, pifia, guayaba, pera y mango.

En mango, recubrimientos formulados con galactoma-
nanos no retrasan el ablandamiento y reducen la pérdida de
peso, la actividad enzimatica y la peroxidacion lipidica“.

Las peliculas y recubrimientos comestibles estan forma-
dos por tres componentes principales: polimero, solvente y
plastificante. La incorporacién de agentes antimicrobianos a
biopeliculas tiene como objetivo el extender la vida de anaquel
de un producto y reducir el crecimiento de patégenos en la su-
perficie de los alimentos.

Los diferentes agentes antimicraobianos que son incorpo-
rados a peliculas o recubrimientos comestibles por sus diver-
sas caracteristicas quimicas forman parte de la estructura de
la pelicula mediante la interaccion con el polimero y el plas-

tificante impidiendo que el compuesto antimicrobiano migre.
Sin embargo, el avance de las técnicas analiticas ha puesto
en duda la inocuidad de algunas sustancias antimicrobianas
que se consideraban seguras; por lo cual, la tendencia actual
se ha centrado en la busqueda de agentes antimicrobianos de
origen natural®.,

La antracnosis es considerada la principal enfermedad
fungica que afecta al mango. Los hongos filamentosos del
género Colletotrichum y su teleomorfo son considerados los
patégenos de plantas mas ampliamente distribuidos a nivel
mundial. La variabilidad en la patogenicidad mostré que todas
las especies de mangos son susceptibles al microorganismo.

La incidencia de antracnosis es de casi el cien por ciento
en fruta producida en climas con alta humedad y fuertes pre-
cipitaciones®.

La méas baja y segura temperatura a la que pueden ser
expuestos los mangos verdes maduros por largo tiempo es de
120C?,

La temperatura optima de crecimiento para el hongo Co-
lletotrichum gloeosporioides es de 24+20C?.

La Food and Drug Administration (FDA) ha aprobado al
método de “Difusion por Disco o en Pozo" (Disc-difussion me-
thod) como la técnica méas usada para el anélisis de actividad
antimicrobiana de extractos y aceites esenciales en estudios
preliminares.

La técnica con sensidiscos presenta algunas desventajas;
principalmente causadas por la composicion del papel filtro
“"Whatman”, que puede intervenir con algunos compuestos
cationicos de los productos naturales evaluados impidiendo
su difusion en el agar, este fendmeno es eliminado cuando el
método se utiliza directamente en pozo'®.

La efectividad del efecto antimicdtico de diferentes ex-
tractos vegetales y sus constituyentes han sido calculados a
través del porcentaje de inhibicion del crecimiento micelial*®.

Este trabajo tiene como objetivo evaluar el efecto anta-
gonico frente al hongo “Colletotrichum gloeosporioides™; que
provoca antracnosis en mango (Mangifera indica) mediante la
aplicacion de una biopelicula con extractos de corteza y fruto
de "Samanea samdn™ a través de la identificacion de los mé-
todos de extraccion mas idéneos para la mejor recuperacion
de metabolitos secundarios en los extractos de las matrices
de corteza y fruto de "Samanea samdn” mediante un tamizaje
fotoquimico cualitativo. Posteriormente establecer las dosis
minimas inhibitorias; de entre los extractos con mejores per-
files de metabolitos secundarios de las matrices en estudio,
frente a una cepa certificada de "Colletotrichum gloeosporioi-
des” mediante un andlisis in vitro CMI (Concentracién Minima
Inhibitoria).

Y finalmente evaluar el efecto antagdnico de soluciones
formuladas de biopelicula/extractos de las matrices corteza
y fruta de "Samanea samdn” frente a una cepa certificada del
hongo "Colletotrichum gloeosporioides™ que produce antrac-
nosis en mango (Mangifera indica).

Validando la hipdtesis que la biopelicula con extractos de
corteza y/o fruto de Samanea samdn tienen efecto antagdnico
frente al hongo Colletotrichum gloeosporioides que provoca
antracnosis en mango (Mangifera indica).

|
Materiales y métodos

Las muestras de corteza y fruto de Samanea samdn fue-
ron obtenidas de drboles maduros y visiblemente sanos del
area recreativa "Sendero del Parque Samanes™ ubicado en la
parroquia Tarqui; en el sector norte de la ciudad de Guayaquil,
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delimitados al norte por la Av. Casuarina, al Sur Av. S/N, al este
por el rio Daule y al oeste por la Via a Daule con coordenadas
geograficas: latitud (2°6°24.07"S) y longitud (79°54°52.69"W).

Mediante tres procedimientos se realizo la obtencion de
los extractos de las diferentes matrices del Samanea samdn
que fueron: extracto etandlico, hidro etandlico de corteza y
metandlico de frutos tomando como referencia la metodolo-
gfa usada por Obasi Nnamdi et al.13.

Para el tratamiento de las matrices se usé como referen-
cia la técnica presentada por Aguilar J. y Col.*? procediendo de
la siguiente manera:

Las muestras de corteza y fruto obtenidas de arboles ma-
duros y visiblemente sanos se limpiaron manualmente para
eliminar restos de materiales extrafos luego se secaron al sol
por un maximo de 72 horas con el fin de reducir la humedad
superficial de las mismas. Posteriormente estas muestras fue-
ron secadas en estufa por un méximo de 72 horas a una tem-
peratura promedio de 60°C. Las muestras secas se molieron
usando un molino de bolas hasta alcanzar un tamafo de par-
ticula de 8um validados por un tamiz #8 y se empacaron dos
muestras molida de 60g de corteza en dos cartuchos de papel
filtro whatman # 54 (tamafio de poro: 22mm) y colocadas cada
una en un soxhlet de 300mL y 60g de muestra molida de fruto
se empacaron en un cartucho de papel filtro whatman # 54
(tamafio de poro: 22mm) y colocadas en un soxhlet de 300mL

Extracto Etandlico de Corteza de S. saman

Al cartucho que contiene la muestra molida se le adiciond
200mL de etanol al 96% de pureza y se puso en operacién el
sistema soxhlet a reflujo por 2 horas a 70°C.

Extracto Hidro-Etandlico de Corteza de S. sarman

Al cartucho que contiene la muestra molida se le adiciond
200mL de una solucién etanol al 96% de pureza y agua des-
tilada en relacién 1:1, se puso en operacion el sistema soxhlet
a reflujo por 2 horas a 700C. Los extractos fueron sometidos
a un proceso de concentracién en un equipo rotavapor marca
Heidolph por alrededor de 2 horas a una temperatura de 60°C
y 20rpm por 3 horas aproximadamente. Los concentrados se
enfriaron a temperatura ambiente, se depositaron en frasco
ambar con tapa y fueron refrigerados para los ensayos pos-
teriores.

Para obtener el extracto del fruto, el procedimiento fue el
siguiente:

Extracto Metandlico de Fruto de S. saman

Al cartucho que contiene la muestra molida se le adiciond
200mL de alcohol metanol, se puso en operacién el sistema
soxhlet a reflujo por 2 horas a 700C. A continuacion, este ex-
tracto se sometid a un proceso de concentracion en un equipo
rotavapor marca Heidolph por alrededor de 2 horas a una tem-
peratura de 600C y 20rpm por 2 horas aproximadamente y al
final del proceso, el concentrado fue enfriado a temperatura
ambiente, depositado en frasco ambar con tapa y refrigerado
para los ensayos posteriores.

Tamizaje Fitoquimico de los Extractos

A los tres extractos se les aplico un ensayo de tamizaje
fitoquimico; de acuerdo con los métodos descritos por Evans
et al.” y Harborne?, con el fin de determinar cualitativamente
la presencia o ausencia de metabolitos secundarios de interés
antagoénico frente a hongos. Estos analisis fueron: Test para
Alcaloides:Test de Dragendorff’s, Test de Mayer,Test de Wag-
ner,Test del &cido picrico (1%), Test para Flavonoides:Test del

Amonio y Test del Cloruro de Aluminio,Test para Glicésidos,
Test para Esteroides y Terpenoides, Test para Saponinas:Test
de Emulsidn, Test del froting, Test para Taninos:Test del Suba-
cetato de plomo, Test del cloruro Férrico, Test para compuestos
acidos, Test para resinas:Test del precipitado y Test del color.

Elaboracion de Biopelicula

Para el presente trabajo se us6 una biopelicula a base de
almiddn de yuca y gelatina de bovino, que cuenta con excelen-
tes propiedades mecdnicas de dureza, resistencia y extensibili-
dad; asi como, accién de barrera semipermeable a la humedad
y al oxigeno, propuesta por Acosta Davila?.

La biopelicula propuesta esta estructurada por tres com-
puestos: Polimero: Solucién de gelatina de origen bovino (2%
S.T.) y Almiddn de yuca (2% S.T.) en una relacién 50:50. Plasti-
ficante: Glicerol (0,5% del total de la mezcla) y Solvente: Agua
destilada.

Activacion del hongo Colletotrichum gloeosporioides

Para las pruebas antagdnicas de los extractos de corteza
y fruto de S. samdn, se uso6 una cepa certificado por el Centro
de Investigacidn Biotecnoldgica del Ecuador (CIBE) del hongo
Colletotrichum gloesporioides spp., con codigo MCIBE-H148.

Las muestras recibidas del hongo C. gloesporiodes fueron
activadas tomando una muestra visible del hongo y pre enri-
queciéndolas en un caldo de cultivo BHI (Brain Heart Infussion
Broth) de "Titan Biotech Limited ®", para luego ser inoculadas
en agar inclinado PDA (Potato Dextrosa Agar) de "DIFCO ©”
por 5 dias a 24+20C. Los parametros tomados en cuenta para
este proceso son temperatura de incubacion: 24+20C, tiempo
de incubacion: 5-7 dias y aislado de la luz.

Determinacion de la concentracion minima inhibitoria
gCMI) de los extractos crudos de corteza }/ fruto de

amanea saman frente a cultivos puros de Colletotrichum
gloeosporioides in vitro

Para la determinacidn de la CMI, se ensayaron en primera
instancia varias concentraciones de los tres tipos de extractos
analizados (200, 175, 150, 125, 100, 50, 25, 12.5 mgL*) me-
diante el uso de placas multipozos (96 pozos) adicionando en
cada uno de estos 100 mgL* de agar PDA, 20 mgL* del hongo
y las diferentes concentraciones a ensayar en un numero de
cuatro replicas por concentracion ensayada. Estas placas fue-
ron incubadas a 24+20C por 48 horas en incubadora.

Una vez determinado el tipo de extracto y las concen-
traciones con los mayares efectos inhibitorios, se sometieron
estas concentraciones (90, 100, 110, 120 y 130 mgL™) del ex-
tracto metandlico (EM) a un nuevo analisis a través del uso de
placas multipozos (96 pozos) usando la mismas dosificaciones
y condiciones de incubacién que en el proceso previo, en un
numero de diez replicas por concentracién ensayada.

Con la identificacién de las concentraciones con mayores
perfiles inhibitorios (120, 130 y 140 mgL*) del extracto meta-
nolico (EM), se procedié a realizar el ensayo para la determina-
cién de la concentracién minima inhibitoria (CMI) a través de la
técnica del pozo en placa con siembra por estrias.

Cada placa con 20 mL de agar PDA fueron inoculadas con
cultivo fresco del hongo C. gloeosporioides mediante la técnica
de estrias con asa, posteriormente se procedid a realizar un
pozo en el centro de la placa mediante el uso del segmento
ancho de una punta de micropipeta de 9mm de radio y 5mm
de profundidad aproximadamente. En estos pozos fueron de-
positados las concentraciones a ensayar por cuadruplicado
(120,130 y 140 mgL*) del extracto metandlico (EM). Se usaron
testigos del crecimiento del hongo mediante la incubacién de
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un blanco (agar PDA), Control (agar+hongo) y Solvente (agar+-
metanol) en concentraciones de 60 mglL*y 120 mgL* para el
solvente, estas placas fueron incubadas por 7 dias a 24+20C.

La metodologia para la recoleccién de los datos para la
determinacion de la concentracion minima inhibitoria (CMI) del
extracto metandlico (EM); a través de la medicion de los ha-
los de inhibicidn, fueron tomados del trabajo de (Awerbuch &
Lustman, 1987)%. Los datos fueron registrados y se determing
las medias de los halos de inhibicién con su respectivo error
estandar para cada lectura; asi también, con estos datos pro-
cesados se construyd una curva de respuesta inhibitoria para
determinar los IC10, IC50 e IC90.

Determinacion del efecto antagdonico del sistema
Biopelicula: Extracto de Samanea saman frente a cultivos
puros de Colletotrichum gloeosporioides in vitro:

Con la identificacién de la CMI del extracto metandlico
(EM) en la seccidn anterior, se procedié a formular un sistema
de Biopelicula:Extracto (1:0,14) respectivamente, consideran-
do los tiempos de agitacion para la homogenizacién del siste-
ma por 1 min y 5 min respectivamente.

Se procedid a tomar cada placa con 20 mL de agar PDA
y a inocularlas con cultivo fresco del hongo C. gloeosporioi-
des mediante la técnica de estrias con asa, posteriormente se
procedid a realizar un pozo en el centro de la placa mediante
el uso del segmento ancho de una punta de micropipeta de
9mm de radio y 5mm de profundidad aproximadamente. A las
placas inoculadas se les adiciono 1 mL del sistema Biopeli-
cula:Extracto, cada ensayo se realizd por quintuplicado y para
los dos tiempos de homogenizacion planteados, estas placas
fueron incubadas por 7 dias a 24+20C.

Con los resultados obtenidos del crecimiento micelial, se
procedi¢ a realizar un ensayo adicional aumentando la concen-
tracion del sistema Biopelicula:Extracto (1:0,2) con un tiempo
de agitacion de 5 minutos y los resultados fueron recogidos,
enlistados y analizados en la siguiente seccidn.

|
Resultados y discusion

Tamizaje Fitoquimico

Con los ensayos completados del tamizaje fitoquimico
se observd que en el extracto metandlico (EM) del fruto hubo
presencia de alcaloides, glucdsidos, esteroides, terpenoides,
saponinas, taninos y resinas; mientras que hubo ausencia de
flavonoides y compuestos acidicos que coinciden con los re-
sultados obtenidos por Obasi et al.’®. Los resultados también
mostraron que para los solventes mas polares del estudio el
extracto etanolico (EE) de la corteza mostrd Unicamente pre-
sencia de esteroides, terpenoides y saponinas; asi como, para
el extracto hidroetandlico (EHE) también de la matriz corteza,
solamente tuvo presencia de esteroides, saponinas y resinas,
difiriendo de los resultados expuestos por Milian-Dominguez
et al.” exceptuando solo para los contenidos de saponinas y
resinas.

Estos resultados nos brindaron una valiosa visién de las
caracteristicas de cada matriz y solvente usado para la obten-
cion de los diferentes extractos, encontrando prometedores
resultados para el extracto metandlico del fruto del S. saman
respecto de su contenido de metabolitos secundarios; espe-
cificamente hablando de los alcaloides, saponinas y taninos;
estos ultimos comunmente conocidos como acido tanico y re-
portados por su elevado potencial antimicrobiano y anti fungi-
co seguin Naveen-Prasad R. et al.™. Tabla 1.

Al completar los ensayos para la determinacion de la con-
centracién minima inhibitoria (CMI) para los extractos puros;
luego de un analisis estadistico, se encontrd que la dosis de
140uL del extracto metandlico (EM) presento la media mas
alta de inhibicién para el hongo estudiado (C. gloeosporioides);
este resultado difiere completamente de los datos presenta-
dos por Obasi N. y Col. (2010)*® quien no encontro efectos in-
hibitorios significativos de los extractos metandlicos del fruto
frente a las cepas de hongos estudiadas a concentraciones de
10 mgmL* a 100mgmL*. Por otro lado, los resultados obteni-

Tabla 1. Resultados experimentales tamizaje fitoquimico.EE (Extracto Etanolico 96%) Corteza S. saman).EHE (Extracto Hidroe-
tandlico (50:50) Corteza S. saman). EM (Extracto Metandlico Fruto S. saman). Presencia (+), Ausencia (-).
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dos en este trabajo se presentan con ventaja frente a los resul-
tados expuestos por Aguilar-Alonso et al.>* quienes reportaron
un CMI para extractos etanolicos de ruda y pirul de 150mgL*
y 300mgL ! respectivamente, mientras que Avila-Sosa et al.*
reportaron valores de CMI del orden de 400mgL-1len extrac-
tos etanolicos de orégano mexicano, jarilla y pericon, por lo
que la concentracion identificada del EM presento ventajas
in vitro competitivas en comparacion con los trabajos en refe-
rencia para ser usada como el agente biocida en la biopelicula
(Tabla 2).

Tabla 2. Resultados de la media y error estandar de los halos
de inhibicién para los extractos metandlicos (EM) puros. rtox
(radio de la zona de toxicidad), rmut (radio de la zona de mu-
tagenocidad), CMI (Concentracion minima Inhibitoria).

As{ también, con las lecturas de inhibicién se constru-
y6 una curva de respuesta con la que se encontrd para este
extracto crudo (EM) un IC10= 61,05 pL, IC50=81,8557 pL vy
IC90=107,99 uL. (Tabla 3).

Tabla 3. Valores de respuesta inhibitoria para los extractos
metandlicos (EM) puros.

La curva de supervivencia (Figura 1) nos permite obtener
la funcidn especifica con la que se puede determinar el porcen-
taje de supervivencia (IC) para este extracto puro.

En la evaluacion del efecto antagonico de los sistemas bio-
pelicula: extracto, se determind que para las dosis de 140uL/
mL, el factor de agitacion influye tacitamente en la respuesta
inhibitoria frente al hongo en estudio. Al aumentar el tiempo
de agitacion de 1 minuto a 5 minutos, la respuesta antagoénica
a esta concentracion fue mayor llevando el crecimiento mi-
celial a un nivel de reproduccién medio, lo que esto presenta
un descubrimiento innovador para este tipo de investigaciones,
donde sus anélisis se han concentrado en los efectos inhibi-
torios generados por el tipo de sustancia antimicrobiana y su
concentracion, sin tomar en cuenta el efecto de la difusion de
los extractos en el polimero, como un parametro promotor de
la funcion biocida de los sistemas. (Tabla 4).

Al aumentar la concentracion del extracto en el sistema a
200uL/mL, se observod una respuesta inhibitoria considerable-
mente mayor, consiguiendo un nivel de reproduccién in vitro
bajo para el hongo C. gloesporiodes responsable de la antrac-
nosis en mango (Mangifera indica), estos resultados tienen un
comportamiento mas estable respecto de los valores reporta-
dos por Ribeiro-Goncalves et al.?*® quienes presentaron datos
bastantes dispersos de inhibicion in vitro que van desde 15mL*
como la concentracion de mayor inhibicién, hasta 6000mL*
para la concentracion de menor efecto en extractos comercia-
les naturales.

Por otro lado, trabajos presentados por Maghbool M. et al. % en-
contraron efectos fungicidas en sistemas goma arabiga (GA) al
10% y aceite esencial de limoncillo (LG) y canela (CM) al 0,05%
y 0,4% respectivamente, lo que nos da una relacion 1:.0,08 y
1:0,01 para cada sistema y Bosquez-Molina E. et al.?” reporta-
ron niveles de reduccion de la incidencia de C. gloesporioides
del 100% en sistemas goma mezquite al 5% y aceite esen-
cial de tomillo (0,1%) y Lima mexicana (0,5%) que en relacién
con el presente trabajo tendriamos una formulacién 1:0,02 y
1:0,01 polimero extracto lo que nos indica claramente que las
caracteristicas de la biopelicula inciden directamente sobre la
accion fungicida de los extractos. Para todas las dosis ensaya-
das en el analisis de la respuesta antagonica del sistema, se

Figura 1. Curva de respuesta inhibitoria del extracto metandlico (EM) puro.
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Tabla 4. Resultados del efecto antagodnico de los sistemas Biopelicula:Extracto (EM) de Samanea samdn frente a C. gloeosporiodes.

encontrd que las placas después del dia cinco de incubacion
presentaban un crecimiento de colonias negras con una taxo-
nomia parecida al género Aspergillus, lo que ratifica la premisa
propuesta por Lopez-Malo A. et al.”® de que el crecimiento ra-
dial de las cepas de hongos estan directamente relacionadas
no solo con la concentracion del agente antimicrobiano y el
tipo de polimero como dispersante; sino también, la actividad
de agua (Aw) y el pH como factores fundamentales para una
optima funcionalidad del sistema.

|
Conclusiones

De manera general, conocemos que los metabolitos se-
cundarios de mayor interés antimicrobianos estan identificados
como alcaloides, taninos y saponinas; y estan estos justamente
presentes de mejor manera, en el extracto metandlico (EM) del
fruto del Samanea samdn, por Lo que el estudio identifica clara-
mente a la matriz y al solvente como los medios para la mejor
extraccion de estos compuestos. Asi también, el presente tra-
bajo introdujo al tiempo de agitacién para la difusion del extrac-
to en la biopelicula como un pardmetro innovador en términos
investigativos, ya que influye directamente sobre la respuesta
antagdnica de estos sistemas.

Finalmente, el estudio nos muestra que la composicion
del polimero también influye directamente en la respuesta in-
hibitoria del extracto en el sistema; y promueve la aparicion de
microorganismos competitivos, presumiblemente por una mo-
dificacion de las condiciones de pH y la actividad de agua (Aw)
de la biopelicula originalmente.

|
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Resumen: El objetivo del presente trabajo fue seleccionar variedades de frijol rojo mas tolerantes a la sequia, en condiciones
experimentales de sequia, en Campo. Para ello se realizd un experimentos con cinco variedades de frijol comun de color rojo
(Buenaventura, CC 25-9 rojo, Velazco Largo, La Cuba 154 y Delicia 364), en diferentes condiciones de humedad del suelo.
Se evaluaron indicadores fenoldgicos y de rendimiento, en condiciones diferentes de riego, cinco riegos (sequia) y 10 riegos
(condiciones dptimas de humedad). Con los datos de rendimientos en las dos condiciones de humedad se calculo el porcentaje
de pérdidas del rendimiento, los indices de intensidad de sequia (IIS) y susceptibilidad a la sequia (ISS). El anélisis estadistico fue
realizado utilizando el programa InfoStat versidn 2011. Se llegd a la conclusion que las variedades Cuba Cueto 25-9 colorado, La
Cuba 154 y Delicia 364 fueron las que tuvieron el comportamiento mas tolerante en las condiciones de experimentacion.

Palabras clave: frijol comun, riego, tolerancia a sequia, rendimiento.

Abstract: The present work's objective was to select more tolerant varieties of red beans to the field's drought. It came right
one experiment with five varieties of red-colored common beans (Buenaventura, CC 25-9 colorado, Velazco Largo, La Cuba 154,
and Delicia 364) different conditions of soil water. Indicators of performance were evaluated in different irrigation conditions, 5
irrigations (drought), and 10 irrigations (optimal humidity conditions). With the yield data in the two conditions of humidity, the
intensity of drought (IIS), drought resistance (ISS), and yield losses were calculated. The statistical analysis was accomplished using
the program InfoStat version 2011. It took place to conclude that the studied varieties showed the most tolerant behavior in Cuba

Cueto 25-9 Rojo, La Cuba 154 y Delicia 364.

Key words: Common bean, irrigation, tolerance to drought, yields.

|
Introduccion

EL frijol comun (Phaseolus vulgaris L.) forma parte del grupo
de las leguminosas comestibles, es importante no solo por sus
propiedades nutricionales y culinarias, sino ademas por su pre-
sencia en los cinco continentes del mundo y suimportancia para
el desarrollo rural y social de muchas economias!. Este produc-
to es un alimento tradicional en América Latinay el Caribe?.

El cultivo del frijol (Phaseolus vulgaris L.) al igual que otros
cultivos de importancia econdémica se afecta durante el cre-
cimiento y desarrollo por factores bidticos y ambientales ad-
versos (abidtico) como: precipitacion, temperatura, humedad,
luminosidad y mala distribucion del drea cultivada’. Asi como
factores edéficos que varfan entre localidades como: topogra-
fia, profundidad del suelo y época de siembra que puede favo-
recer la aparicion de plagas y enfermedades. Ademas influye
la falta de cultivares adaptados al medio ambiente, incluso a
los cambios climatoldgicos a nivel global , por lo que es im-
portante contar indicadores morfoldgicos y agronémicos para
caracterizar cultivares y lineas en diferentes épocas de cultivo®.

Sereporta en la literatura que el estrés por sequia, causa-
do por la baja disponibilidad de agua en el suelo, modifica ne-
gativamente la productividad del frijol“®. Esta puede ser mas
0 menos afectada dependiendo de la intensidad y duracién de
la escasez de agua, de la rapidez con la cual se alcance dicha
intensidad y ademds de la etapa fenoldgica en que el efecto
ocurra, asi como el pre acondicionamiento de la planta®.

Agunas de estas madificaciones se consideran respues-

tas metabdlicas que constituyen mecanismos de adaptacion
al déficit hidrico en las plantas’. Se destacan por su correlacion
positiva con la tolerancia a la sequia la longitud de la raiz y su
relacién con la produccion de biomasa®, el indice de marchites
y el contenido relativo de agua de las hojas’, tanto en la fase
vegetativa como reproductiva.

En la fase reproductiva en frijol y otras leguminosas dis-
minuye el rendimiento en mayor proporcion, que cuando solo
afecta la fase vegetativa'®!, lo que depende de la intensidad
del estrés hidrico y la tolerancia del cultivar. por lo que varios
autores han tenido en cuenta los indicadores fenoldgicos, la
pérdida de rendimiento y el indice de susceptibilidad a la se-
quia, en estudios de evaluacién y seleccion de variedades de
frijol tolerantes a la sequia®'?13,

En nuestro pais muchas de las areas donde se produce fri-
jol, son cultivadas con un suministro de agua dependiente de la
precipitacion. De ahi laimportancia de seguir profundizando en
el estudio de variedades comercializadas en Cuba. Este traba-
jo tuvo el objetivo de seleccionar cultivares tolerantes a la se-
quia, en condiciones de campo, con un rendimiento adecuado.

|
Materiales y métodos

El experimento se realizd en la finca “Sabanilla " de la
CCS "victoria de Girén" que estd enclavada en el municipio de

*Centro de Estudios Biotecnoldgicos, Facultad de Ciencias Agropecuarias, Universidad de Matanzas, Cuba.

2Escuela Superior Politécnica del Litoral (ESPOL), Guayaquil, Ecuador.
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Unidn de Reyes, en el poblado Juan G. Gomez, en la provincia
de Matanzas, Cuba, la cual cuenta con una extension de 13,5
ha. El suelo es pardo Mullido Carbonatado'4, con un contenido
de materia orgdnica entre medio y alto, el pH es neutro y el
contenido de P,O, fue de 1,45 mg/100 g y el de K,O de 24,75
mg/100g, los cuales estan dentro de los rangos permisibles
para el cultivo del frijol, recomendando afiadir materia orga-
nica y no fertilizante. Durante la duracién del ensayo la tem-
peratura media fue de 21,35 °C y el promedio de precipitacion
de 8 mm.

La investigacion se realizd, en los meses de enero a mar-
zo de 2018, las temperaturas (méxima, y minimas) fueron va-
riables, donde las temperaturas medias oscilaron entre 22y 29
°C las temperaturas minimas oscilaron entre 15y 27 °C y las
maéximas entre 28 y 31 °C. Por otro lado, los valores de hume-
dad relativa oscilaron entre 32 y 78%. Ambos valores permi-
sibles para el desarrollo del cultivo. EL promedio de precipita-
ciones flucttio entre 9-60 mm, seguin el centro Meteoroldgico
Unidn de Reyes.

Se utilizaron cinco variedades de frijol comun de color
rojo: Buenaventura, Velazco Largo, Cuba Cueto rojo (R), La
Cubal54 y Delicia 364, todos suministrado por la empresa de
semilla de Jovellanos, Matanzas.

El experimento se sembrd el 20 diciembre del 2018. Se
utilizé un disefo de bloque al azar, en surcos de 7 m de largo X
0,60 m de ancho, en un area total de 0,033 ha, con tres repeti-
ciones por variedad y tratamiento, con una densidad de 15-18
granos m* %,

Traramientos

T1: cultivares de frijol bajo riego (10 R)

T2: cultivares de frijol en condiciones de sequia (5R)

En el caso del ensayo con riego se aplicaron 10 riegos consi-
derando los requerimientos hidrico seguin etapas de dedsarrollo
del frijol, con una norma neta total promedio de 3 500 m® ha* %>,

Variables analizadas y metodologia empleadas

Se evaluaron indicadores fenoldgicos, de rendimiento y
de productividad.

En la madurez fisioldgica se cosecharon 10 plantas por
tratamientos y repeticiones a las que determinaron el rendi-
miento en t ha’. Ademads, registraron los datos fenoldgicos
de dias de inicio de floracion (DIF), dias de madurez fisioldgica
(DMF) e indice reproductivo (IR) seguin la ecuacion'®:

IR (%) = 1- (DPR/DMF) *100

Donde:

DPR = dias del periodo reproductivo (DMF-DIF)

Al alcanzar la madurez de la cosecha se recolectaron
muestras de 2 metros por surcos de cada variedad y por con-
dicion de riego, lo que equivale a un drea de 2,4m? para cal-
cular los indicadores de productividad: nimero de vainas por
plantas, nimero promedio de semillas por vaina, nimero de
semillas por plantas y el peso de cien semillas (g). Se descar-

taron los 0,5 miniciales y finales para evitar el efecto borde y
cabecera.

Para estimar la reduccion del rendimiento por causa del
estrés hidrico se aplicd la siguiente ecuacion, Perdida de rendi-
miento (PR)=1- (Re/Rr) x100, donde:

Re= promedio general de rendimiento en sequia

Rr = promedio general de rendimiento en riego .

Para estimar la intensidad y el efecto de la sequia sobre
el rendimiento, se determing el Indice de intensidad de sequia
(IIS) mediante la siguiente ecuacion?

IIS = [1-(RS/RRS)], donde:

RS= promedio general de rendimiento en sequia.

RRS = promedio general de rendimiento en riego.

El indice de susceptibilidad a la sequia (ISS) para cada va-
riedad fue determinado con la ecuacion reportada por Chavez
etal. (2018)*

ISSi= [1-(RSIi/RRSI)]/IIS, donde:

ISSi= Indice de susceptibilidad a sequia (5 R) de la i-ésima
variedad.

RSi= rendimiento promedio en sequia (5 R) de la i-ésima
variedad.

RRSi= rendimiento promedio en riego suplementario (10
R) para la i-ésima variedad.

Para el célculo de estos indices se utilizaron los valores de
rendimientos obtenidos en cada repeticion de sequia (5 R) con
su correspondiente repeticion en riego (10 R).

La comparacion de las medias para el analisis de los re-
sultados se realiz6 a través de la prueba de Tukey, con una
probabilidad de error de 5%, mediante el programa InfoStat'®.

|
Resultados y discusion

Al analizar el comportamiento de los indicadores fenold-
gicos (la Tabla 1), se observan diferencias entre las variedades
al comparar los resultados de las dos condiciones de riego,
con un indice de intensidad de sequia de 0,24. En la condi-
cion de déficit hidrico (5R) todas las variedades adelantaron
su floracién, de tres a cuatro dias, con respecto a su similar
en condiciones éptimas de riego. La Cuba 154 y Buenaventura,
fueron las que presentaron la mayor precocidad con respecto
a la aparicién de las flores (cuatro dias antes), mientras que el
resto de las variedades tuvieron sus primeras flores abiertas
tres dias antes.

En relacion a los dias a madurez fisioldgica, para las plan-
tas del tratamiento con riego oscilaron los valores entre 71y
67 dias después de la siembra; mientras que en condiciones
de sequia, fue entre 61 y 90 dias, por lo que todas las plantas
alcanzaron mas temprano la madurez de cosecha en condicio-
nes de sequia. la variedad Delicia fue la mas precoz y mantuvo
el indice reproductivo (/R) mayor (Tablal).

El indice de intensidad de sequia (IIS), indica el grado de
estrés al que fueron sometidos las variedades y la idoneidad de

Tabla 1. Variables fenoldgicas de las variedades bajo dos condiciones de riego en CCS “Victoria de Girdn", de enero a marzo 2019.
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las condiciones que se tuvieron en este estudio para la identifi-
cacion de las variedades con resistencia a sequia. La variacion
presentada en el ciclo fenoldgico concuerda con lo reportados
por otros autores con indice semejante de 0,27'. Asi como
otros que reportan IIS mayores de 0,5, caracterisico de estado
de sequia terminal), quienes consideran que la precocidad en
la maduracién es una caracteristica muy valiosa en la adap-
tacion del frijol comun a sequia, ya que permite completar el
llenado del grano con una mayor disponibilidad de agua con
respecto a genotipos mas tardios'®. El indice reproductivo de
las variedades mostré respuestas diferentes entre ellas, se
pueden considerar como las mas adaptadas, a las condiciones
experimentales, aquellas que combinan un indice reproduc-
tivo alto y un mayor periodo desde la floracion hasta la ma-
durez, como son La Cuba y Cuba Cueto R, lo que favorece un
periodo amplio para la formacién de érganos reproductivos, lo
que favorece la formacién de granos, por lo que los resultados
obtenidos indican que las variedades de frijol estudiadas po-
seen entre otras caracteristicas, plasticidad fenoldgica, ya que
presentar una temprana floracion y madurez lo que reduce el
impacto negativo del estrés asi que una de las formas de es-
cape a la sequia se basa en un rapido desarrollo fenoldgico! 8.

Al analizar el comportamiento de los indicadores de ren-
dimiento (peso de 100 semillas, nimero de vainas por plantas
y nimero de semillas por vainas), en las dos condiciones de
riego (Tabla 2), se pudo constatar que no semodificaron por
igual todos los parametros estudiados, en las condiciones de
sequia (5R), en las diferentes variedades. El peso de 100 se-
millas fue el indicador que presentd diferencia significativa,
entre las medias de las dos condiciones de riego, en todas las
variedades, lo que puede explicarse por el papel determinante
del deficit hidrico en la produccién de vainas y llenado de las
mismas*% El nimero de semillas por vaina fue el que presento
menor afectacion , sequido del nimero de vainas por plantas,
gue solo en la variedad Buenaventura hubo diferencia Aunque
no hubo diferencia en el nimero de semillas por vainas, cuan-
do se analiza la morfologia de la semilla si se aprecia diferen-
cia (Figura 1), lo que explica la diferencia en el peso de cien se-
millas. Esto concuerda con lo reportado en estudio realizado,
con cuatro variedades de frijol negro, cultivada en condiciones
de estrés, que también las vainas presentaron granos mas pe-
qufios que las de suigual sin deficit hidrico y no hubo diferencia
en el nimerode semillas por vainas®®.

Tabla 2. Indicadores de rendimiento de las variedades estudiadas bajo diferentes condiciones de riego.

Figura 1. Ejemplo de la morfologia de semillas cosechadas en condiciones de sequia (5R) y vainas en las dos condiciones de riego.
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Con los resultados obtenidos de los indicadores de rendi-
miento, en ambas condiciones de riego, se calculd la pérdida
de rendimiento (PR) de cada variedad (Figura 2). En genera,
hubo una disminucion en todos los indicadores estudiados:
15,3% vainas por plantas, 14,6% de semillas por vainas, 24,9%
de semillas por plantas y 17,8% en el rendimiento total. Las
variedades con los mayores porcentajes de perdida de rendi-
miento de nimero de vainas por plantas, nimero de semillas
por vainas y nimero semillas por plantass, fueron Velazco Lar-
go y Buenaventura. También la pérdida de rendimiento total,
debido a la sequia, fue indudable en todas las variedades, pero
fue mds acentuada en las variedades Velazco Largo con 33,78
% y la de menor fue Delicia con solo un 6,5% , seguido de Cuba
Cueto R con 14% y La Cuba con 15% (Figura 2).

mayor que uno, lo que evidencia menor tolerancia a la sequia.
Por otra parte, Buenaventura presenta un ISS menor que uno
pero su indice reproductivo (IR) no fue alto y tuvo un 20% de
perdida del rendimiento.

Estos resultados corroboran el efecto negativo de la
sequia, lo que ha sido reportado por diferentes autores. Los
indices de seleccion utilizados permiten caracterizar el com-
portamiento de estos genotipos en diferentes condiciones de
humedad en el suelo, aunque se sugiere la utilizacion combi-
nada de por lo menos un indice de cada grupo con tal de com-
binar el alto potencial de rendimiento con la tolerancia a la
sequia. ya que las variedades que crecieron con menos dispo-
nibilidad de agua, tuvieron menos rendimiento. No todas las
variedades respondieron de igual forma, presentaron un indice

Figura 2. Porcentaje de reduccién de los indicadores de rendimiento evaluados, bajo condiciones de sequia, enero-marzo 2019.
Leyenda: NV/plantas: nimero de vainas por plantas; NS/vainas: nimero de semillas por vainas; NS/plantas. Numero semillas

por plantas y Rend Total: rendimiento total.

En trabajos realizados en campo, en condiciones de se-
quia experimental (cuatro riego) se reporta una disminucion
del rendimiento total por hectédrea hasta un 48,59% en este
tipo de leguminosa®.

También en experimento realizado con frijol Caupi se re-
porta disminucion de 57,72%, del rendimiento de grano por
planta, 49,40%, del nimero de vainas por planta, 32,07% del
nuimero de semillas por vaina’.

Los resultados de indices de susceptibilidad a la sequia
(ISS) para los genotipos estudiados estuvieron entre 0,27 y
1,77 (Tabla 3).

Las variedades Delicia, Cuba Cueto R y La Cuba 154 pre-
sentaron una menor reduccién del rendimiento, simulténea-
mente a un menor indice de susceptibilidad a la sequia (ISS), lo
que expresa una mayor tolerancia al déficit hidrico. Sin embar-
go, Velazco Largo disminuyd su rendimiento y presento un ISS

de estrés que varia en correspondencia a la tolerancia a la se-
quia que caracteriza a la variedad>"3,

La respuesta de las plantas a este estrés ambiental de-
pende de varios factores incluyendo el genotipo , la etapa del
desarrollo de la planta, la longitud y la severidad del estrés
aplicado™ ™. Por otra parte, las caracteristicas del suelo pue-
den influir en dichos resultados, de ahi la importancia de eva-
luar el comportamiento productivo de las variedades en cada
localidad*,

Como consecuencia de los cambios climaticos los perio-
dos de sequia dentro del ciclo de cultivo del frijol cada vez es
mas son mas intensos. Debido a esta razon, es importante en-
focar el mejoramiento del cultivo por resistencia a sequia hacia
genotipos que tengan rendimientos altos, tanto en una condi-
cion de estrés como cuando no la haya. Bajo este precepto las
variedades La Cuba y Cuba Cueto R fueron las mejores, con

Tabla 3. Respuesta de las variedades a la sequia segun su rendimiento e ISS.
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Selection of varieties of common red bean (Phaseolus vulgaris L.), tolerant to drought in different irrigation conditions in the field

excelentes rendimientos en ambos ambientes y que podrian
representar una solucion para las zonas propensas a sufrir se-
quia o para tener en cuenta a la hora de sembrar en el periodo
poco lluvioso (enero-marzo). También la variedad Delicia, aun-
que no tuvo alto rendimiento en ninguna de las dos condiciones
pero entre ellas no hubo diferencia.

El indice de susceptibilidad a la sequia (ISS) puede ser con-
siderado como un criterio aceptable para discriminar varieda-
des, bajo condiciones de estrés hidrico. No obstante, se deben
tener en cuenta otras caracteristicas; ya que puede darse el
caso que las variedades con mayor tolerancia a la sequia (me-
nor ISS), no necesariamente sean las mas productoras en esas
condiciones, pero si los que menos reducen su rendimiento®Y.

|
Conclusiones

Las variedades Cuba Cueto 25-9 colorado, La Cuba 154 y
Delicia 364 presentaron los indices de intensidad de sequia (ISS)
menores a 1, por lo que se consideran como tolerantes a la se-
quia, recomendandose su empleo en la localidad analizada y en
la epoca de siembra que se corresponde con los periodos poco
lluviosos en Cuba.

La variedad Velazco Largo es la mas afectada por la sequia
lo que se corresponde con su ISS y su rendimiento, por lo tanto,
para la localidades en condiciones de secano no se recomienda
su cultivo en epoca de siembra de pocas lluvias.

El déficit hidrico a pesar de que no afectd el numero de vai-
nas por planta y de semillas por vaina, si afectd la morfologia y
peso de las semillas.

|
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Removal of five pharmaceutical products classified as emerging pollutants in aqueous
medium using the vetiver species (Chrysopogon zizanioides)
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Resumen: Los productos farmacéuticos constituyen un grupo Unico de contaminantes emergentes de gran interés, debido a
que se ha determinado su presencia frecuente en aguas superficiales, subterraneas y agua potable. Debido al metabolismo y la
absorcion incompletos en el organismo humano, una cantidad significativa de estos farmacos se excretan y liberan al ambiente a
través de las aguas residuales. Por lo que el objetivo de este trabajo fue evaluar el potencial de la especie vetiver (Chrysopogon
zizanioides) para eliminar del medio acuoso cinco productos farmacéuticos cominmente recetados y de venta libre como
ciprofloxacina, ibuprofeno, sulfametaxazol, diclofenaco y acetaminofén. La especie fue aclimatada en invernado, donde se llevd
a cabho los experimentos en condiciones controladas de temperaturay a un pH de 6,5. Las muestras fueron analizadas utilizando
espectrofotometria UV-Vis para leer en forma directa las absorbancias de cada producto farmacéutico. Para el analisis estadistico
de los datos se empled la metodologia de superficies de respuesta con el fin de encontrar los modelos que ayuden a determinar
tiempos y concentraciones éptimas donde se maximiza la absorcion de cada farmaco, asi como la obtencién de las pendientes de
crecimiento para determinar hacia donde se deberd buscar el dptimo. Se utilizé el software estadistico R version 3.6.0 y RStudio
version 1.1.453. Los resultados obtenidos indican que C. zizanioides removié de manera mas eficiente ciprofloxacina (98,3%) a
una concentracion de 3mg/L en un tiempo de 149h, seguido por ibuprofeno y diclofenaco con un maximo de remocion de 73,33%
y sulfametaxazol con 66,53%, obteniéndose el menor porcentaje de remocién para acetaminofén de 38,49% a las 192h, donde
se realizé toma de muestras cada 48 horas de las soluciones de cada farmaco a diferentes concentraciones (3 mg/L, 6 mg/L,
9 mg/L, 12 mg/L). En este trabajo de investigacion se demostro la capacidad removedora de Chrysopogon zizanioides de los
cinco farmacos estudiados en medio acuoso en condiciones controladas, vislumbrando un gran potencial en el dmbito de la
biotecnologia ambiental para el tratamiento terciario de aguas residuales.

Palabras clave: Productos farmacéuticos, contaminantes emergentes, aguas residuales, vetiver (Chrysopogon zizanioides),
fitorremediacion, superficie de respuesta.

Abstract: Pharmaceutical products constitute a unique group of emerging pollutants of great interest because their frequent
presence in surface waters, groundwater, and drinking water have been determined. Due to incomplete metabolism and absorption
in the human body, many of these drugs are excreted and released to the environment through wastewater. Therefore, this work's
objective was to evaluate the potential of the vetiver species (Chrysopogon zizanioides) to eliminate five commaonly prescribed and
over-the-counter pharmaceuticals from the aquatic environment, such as ciprofloxacin, ibuprofen, sulfamethoxazole, diclofenac,
and acetaminophen. The species was acclimated in wintering to carry out the experiments under standard temperature conditions
and a pH of 6.5. The samples were analyzed using UV-Vis spectrophotometry to read the absorbances of each pharmaceutical
product directly. For the statistical analysis of the data, the response surfaces methodology was used to find the models that
help determine optimal times and concentrations where the absorption of each drug is maximized and obtain the growth slopes
to determine where the optimum should be sought. Statistical software R version 3.6.0 and RStudio version 1.1.453 were used.
The results obtained indicate that C. zizanioides more efficiently removed ciprofloxacin (98.3%) at a concentration of 3mg/L over
a time of 149h, followed by ibuprofen and diclofenac with a maximum removal of 73.33% and sulfametaxazole with 66.53%,
obtaining the lowest percentage of removal for acetaminophen of 38.49% at 192h, where samples were taken every 48 hours of the
solutions of each drug at different concentrations (3 mg/L, 6 mg/L, 9 mg/L, 12 mg/L). In this research work, the removal capacity of
Chrysopogon zizanioides of the five drugs studied in an aqueous medium under controlled conditions was demonstrated, envisaging
great potential in the field of environmental biotechnology for tertiary wastewater treatment.

Key words: Pharmaceuticals products, emerging pollutants, wastewater, vetiver (Chrysopogon zizanioides), phytoremediation,
response surface.

|
Introduccion

Los contaminantes emergentes (CE) son compuestos que  na. Abarcan un grupo diversos de compuestos que incluyen a
actualmente no estén incluidos en las regulaciones de cali- productos farmacéuticos (PFs), drogas de abuso, productos de
dad del agua, sin embargo, presentan amenazas potenciales cuidado personal (PCP), esteroides y hormonas, tensioactivos,
para los ecosistemas acuéticos, la salud y la seguridad huma-  compuestos per fluorados (PFC), llama retardantes, aditivos
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industriales y agentes aditivos de gasolina, asi como sus pro-
ductos de transformacién, nanomateriales, 1,4-dioxano y sub-
productos de desinfeccion de piscinas (DBP)*23,

Los PFs se caracterizan por el uso extenso en medicina
humana y veterinaria y estan conformados por diversos grupos
de compuestos como antibidticos, analgésicos, antinflamato-
rios, antidepresivos, drogas de abuso, antidiabéticos, suple-
mentos alimenticios, entre otros. La gran mayoria se excreta
sin metabolizar después de su aplicacion, llegando asi a las
aguas residuales*®.

La presencia de PFs en el ciclo del agua se ha reportado
en todo el mundo. Su deteccion ha suscitado preocupacion, ya
gue se ha determinado su presencia en efluentes de plantas de
tratamiento de aguas residuales, en aguas superficiales (rios,
manantiales, lagunas, lagos y mares), aguas subterraneas e
incluso en sistemas de tratamiento de agua potablg®7891011.1213,

Una investigacion llevada a cabo por el Servicio Geoldgico
de los Estados Unidos en 2002, fue el primer estudio de reco-
nocimiento para demostrar la gran cantidad de PFs, hormonas
esteroides y otros®*.

La apariciony el destino de los PFs y sus metabolitos en el
medio acuético han sido reconocidos como un problema emer-
gente, debido a que se sabe poco con respecto a los posibles
efectos de estos compuestos en organismaos vivos, principal-
mente la toxicidad crénica y posibles efectos aditivos de una
amplia gama de PFs presentes en el ambiente acuético, inclu-
sive a muy bajas concentraciones (ng/ Ly pg/L)!1.

Los PFs mas prescritos en medicina humana son los anal-
gésicos antiinflamatorios como el ibuprofeno y el diclofenaco,
los antiepilépticos como la carbamazepina, antibidticos como
la amoxicilina y el sulfametoxazol, y los bloqueantes como el
metoprolol, ademas de los farmacos cada vez mas utilizados
en veterinaria, acuicultura, ganaderia y avicultura®.

Los ingredientes farmacéuticos activos se detectan cada
vez mas en el medio ambiente debido a varios factores, incluidos
los avances en las practicas médicas humanas y veterinarias, y
la mejora de la sensibilidad de la instrumentacién analitica.

La presencia de PFs en el agua podria fomentar la dise-
minacion de los genes de resistencia a los antibidticos, que
pueden interactuar con la flora intestinal, lo que podria afectar
la salud humana'®. Los antibidticos constituyen un importante
contaminante del agua y pueden alterar o influir selectivamen-
te en la funcidn de otros organismos en concentraciones bajas.

Por otro lado, la irrigacion con agua que contiene PFs po-
dria implicar que los cultivos puedan absorber estos compues-
tos, siendo otra ruta de exposicion humana'®.

Un proyecto realizado por la Agencia Federal Alemana del
Medio Ambiente (UBA), recopila datos publicados en el &mbito
mundial sobre concentraciones medidas de PF. Los resultados
ilustran que las concentraciones acuéaticas detectadas a es-
cala global son comparables con las encontradas en Europa.
Se ha demostrado que mas de 600 sustancias farmacéuticas
estan presentes en el medio ambiente en todo el mundo®.

China tiene la mayor poblacién y cantidad de fabricantes
farmacéuticos del mundo. En 2011, produjo mas de 1500 tipos
de PFs. Los ingredientes activos locales se produjeron en Chi-
na, y el estimado y la produccion nacional fue de aproximada-
mente 2,000,000 toneladas?.

Existen estudios alrededor del planeta, que han detecta-
do la presencia de contaminantes emergentes a la entrada y
salida de las plantas de tratamiento de aguas residuales con-
vencionales, lo que presupone que no estan disefiadas para
el tratamiento de este tipo de contaminantes. En un estudio
realizado en Algeria, se reportd la presencia de ibuprofeno,
naproxeno y diclofenaco en aguas superficiales; ibuprofeno y

ketofreno en agua de grifo, confirmando la incapacidad de una
planta de tratamiento de aguas residuales (PTAR) clésica para
eliminar estos contaminantes?.

Otro estudio realizado en la India muestra que tanto aguas
superficiales como subterraneas estan contaminadas con mas
de 15 contaminantes emergentes (Farmacos, productos de
aseo personal y edulcorantes artificiales), poniendo en riesgo
la salud de 600 millones de personas que habitan en la cuenca
del rio Ganges?.

Segun (24), las caracteristicas de la calidad del agua y
los contaminantes orgénicos emergentes fueron muestreados
en Ecuador, a lo largo de los rios San Pedro — Guayllabam-
ba — Esmeraldas y sus principales afluentes en el verano de
2013. Los principales compuestos detectados fueron venlafa-
xina, carbamazepina, sulfametoxazol y benzoilcgonina. El es-
tudio permitié relacionar el consumo de farmacos en una de
las principales ciudades (Quito) de América Latina y permitié
mostrar que el consumo de la mayoria de las drogas mues-
treadas (carbamazepina, venlafaxina, O-des metil venlafaxina,
sulfametoxazol, etinilestradiol) estuvo por debajo de su nivel
de consumo promedio en Europa, Israel y América del Norte?.

En varias investigaciones realizadas en todo el mundo, los
farmacos de estudio acetaminofén, ibuprofeno, diclofenaco,
sulfametaxazol y ciprofloxacina han sido detectados en aguas
superficiales®87?%; en aguas subterrdneas®?3?7262% en aguas
residUaLeS9‘1D‘l1‘12'30'31‘32'33‘34'35‘36; en agua potabtel&SZSS.

Los desafios mas criticos de las cuencas urbanas son
suministrar agua dulce de buena calidad a las ciudades vy eli-
minar las aguas residuales sin poner en peligro los recursos
hidricos y el medio ambiente, dado que la exposicién a conta-
minantes de preocupacion emergente incluye el desarrollo de
resistencia a antibidticos, alteracion enddcrina y la carcinoge-
nicidad. Por lo tanto, comprender la ocurrencia y distribucién
de contaminantes orgdnicos complejos ayuda a predecir y mi-
tigar sus posibles efectos sobre la salud ecoldgica y humana
en los ambientes acudticos®.

Por lo expuesto, es necesario investigar tratamientos al-
ternativos sostenibles, de bajo costo y de alto porcentaje de
remocién de estos contaminantes emergentes, que pudieran
constituir un tratamiento terciario de aguas residuales, tal es
el caso de la fitorremediacion.

Elinterés en la fitorremediacion como método para resol-
ver la contaminacion ambiental ha estado creciendo rapida-
mente en los Ultimos afos. Esta tecnologia verde que involu-
cra "plantas tolerantes" se ha utilizado para limpiar el suelo y
el agua subterrédnea de metales pesados y otros compuestos
organicos toxicos. La fitorremediacion implica el cultivo de
plantas en una matriz contaminada para eliminar contami-
nantes ambientales, facilitando el secuestro y / o degradacion
(desintoxicacion) de los contaminantes®.

La fitorremediacién proporciona una alternativa segura y
econdmica en comparacion con los métodos de tratamiento fi-
sico y quimico y se ha aceptado como una de las mejores préac-
ticas de gestion para varios servicios de gestién ambiental®,

La fitorremediacion utiliza mecanismos de las plantas
para remediar ambientes contaminados, como la fito-extrac-
cién, rizo-filtracion, fito-estabilizacion, fito-degradacion y fi-
to-volatizacion. Estos procesos contribuyen a la remediacion,
desintoxicacion, lixiviacién, contencién y estabilizacién de con-
taminantes’%4?,

La seleccion de la especie vetiver (Chrysopogon zizanioi-
des) para la presente investigacion, se basd en el alto nimero
de reportes cientificos que denotan la efectividad que tiene
esta especie removiendo diferentes tipos de contaminantes
como metales pesados y algunos contaminantes organicos,
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indicando que estas técnicas son rentables en comparacion
con otros métodos 04344,

Las principales ventajas de Chrysopogon zizanioides es-
tén relacionadas con su sistema radicular fibroso masivo y la
rapida tasa de produccion de biomasa de hasta 354 kg/Ha en
seis meses, lo que la convierte en una especie versatil para
diferentes usos como, estabilizacién de taludes, rehabilitacion
de ambientes contaminados, tratamiento de aguas residuales,
tratamiento de drenaje dcido de minas, fitoextraccion de meta-
les y de algunos compuestos orgdnicos*-4546:47,

Este trabajo de investigacion tiene como objetivo princi-
pal contribuir con una técnica probada en laboratorio para la
remocion de los contaminantes emergentes acetaminofén,
ciprofloxacina, diclofenaco, sulfametoxazol e ibuprofeno por
medio de fitorremediacion, utilizando la especie vetiver (Chry-
sopogon zizanioides), lo que podria servir de base en el media-
no plazo para el desarrollo de sistemas de tratamiento tercia-
rio de aguas residuales que eliminen estos contaminantes en
el medio acuético.

|
Materiales y métodos

Recoleccion y acondicionamiento de la especie vetiver
(Chrysopogon zizanioides)

Las plantulas de la especie vetiver (Chrysopogon zizanioi-
des), fueron recolectadas y sembradas en un vivero ubicado en
la ciudad de Milagro, provincia del Guayas por un tiempo apro-
ximado de dos meses y luego fueron llevadas al invernadero
del Centro de Investigaciones Biotecnoldgicas del Ecuador
(CIBE) de la Escuela Superior Politécnica del Litoral (ESPOL),
en donde se las dispuso en terrenos aledafios al invernadero
durante aproximadamente 30 dias. Posteriormente se reali-
z6 un lavado a fondo para eliminar todo el suelo e impurezas
de la zona radicular y se procedié a transferir las plantas a
canastillas rectangulares de 25 litros de capacidad para ser

aclimatadas en agua durante 20 dias, previo a su uso en los
experimentos de fitorremediacién de los productos farmacéu-
ticos en estudio. Este es un proceso adaptado en base a lo es-
tablecido por (48).

Diseio del experimento

Se estudiaron cinco PFs de manera independiente: sulfa-
metoxazol, ciprofloxacina, acetaminofén, ibuprofeno y diclofe-
naco todos de la marca SIGMA-ALDRICH de 99,9 % de pureza.
De cada farmaco se prepararon soluciones acuosas utilizando
metanol ultrapuro de la marca Merck a cuatro concentracio-
nes: 3 mg/L, 6 mg/L, 9 mg/L, 12 mg/L. Se utilizaron 4 tiempos
de muestreo 48 h, 96 h, 144 h y 192 h, para obtener la variable
de respuesta que es el porcentaje de remocién.

Se colocaron dos unidades experimentales de dos litros
de solucién de cada PFs y por cada concentracién selecciona-
dos para esta investigacion, luego se introdujo la especie veti-
ver (Chrysopogon zizanioides) con un peso aproximado de 60
g. Los ensayos fueron mantenidos a una temperatura de 250C
y un pH de 6,5 durante todo el experimento. Una vez concluido
el tiempo del ensayo se procedié a recolectar con una micro-
pipeta tres alicuotas de 2 ml de cada unidad experimental. El
volumen recolectado fue colocado en tubos eppendorf y al-
macenados a temperatura de refrigeracion hasta su posterior
analisis.

Se utilizé el disefio factorial, con dos puntos internos; Con-
centracién (C) y Tiempo (T), siendo estos los factores; los nive-
les considerados se indican en la figura 1.

Para medir la variable de respuesta, porcentaje de remo-
cion del PF, previamente se midio por triplicado la absorbancia
de cada uno de los PFs utilizando la técnica de espectrofoto-
metria de luz Uv visible.

Para determinar el porcentaje de remocién de los com-
puestos en estudio se aplicd la siguiente formula:

Para determinar el porcentaje de remocién de los com-
puestos en estudio se aplicd la siguiente ecuacidn:

Concentracion inicial — Concentracién final

X 100

Porcentaje de remocion (%) =

Figura 1. Esquema del disefio experimental utilizado.

Concentracion inicial
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Analisis de Datos

Para el andlisis estadistico de los datos se empled la téc-
nica de superficies de respuesta para encontrar los modelos
que ayuden a determinar tiempos y concentraciones dptimas
donde se maximiza la absorcion de cada farmaco, asi como la
obtencién de las pendientes de crecimiento para determinar
hacia donde se deberd buscar el dptimo, en los casos donde
no se los encontrd. Se utilizé el software estadistico R version
3.6.0 y RStudio versién 1.1.453.

|
Resultados

Modelo General

El modelo general de la superficie de respuesta esta re-
presentado por la ecuacion (1):

Donde,

Y= porcentaje de remocion

bo= intercepto

bi= coeficientes del modelo

C Concentracion

T Tiempo

La matriz resultante no permitié obtener un modelo po-
linémico de grado 2 para ambos factores a la vez, por lo que
se desarrolld un modelo con forma cuadratica para un factor,
mientras se mantuvo la linealidad en el otro factor segun las
ecuaciones (2), (3).

En el modelo obtenido para sulfametaxazol (Figura 2A), los
coeficientes de la variable C, T'y T2, fueron significativos por lo que
se pudo reducir el modelo para obtener mas informacion eliminan-
do el término no significativo, el cual resulta de la interaccion entre
las variables de concentracién y tiempo, seguin la ecuacion (4).

En el rango estudiado, para el farmaco sulfametoxazol,
inicia con un porcentaje de remocién de 46,52%, a una con-
centracion de 3mg/L en un tiempo de 48h, dicho porcentaje
presenta un descenso en las primeras 105h; a partir de ese
tiempo se observa que el porcentaje de remocion tiene un as-
censo mas pronunciado, alcanzando un maximo de remocién
de 66.53%, a la concentracion de 3mg/L en un tiempo de 192h;
sin embargo, se observa que el optimo aun esta alejado de
este rango y al analizar el ascenso mas pronunciado, se visua-
liza que para encontrar el dptimo seria necesario reducir las
concentraciones e incrementar el tiempo, se puede considerar
también la posibilidad de encontrar el éptimo en la reduccion
de tiempo y de concentracidn.

Para la ciprofloxacina (Figura 2B), el modelo responde de
manera similar al modelo del sulfametaxazol, donde tenemos
la ecuacion (5):

En el rango estudiado, para la ciprofloxacina se observa
que el porcentaje de remocion parte con un 79.05%, en una
concentracion de 3mg/L en un tiempo de 48h, este porcentaje
logra alcanzar un méaximo de remocion de 98.32% a las 149h,
al alcanzar este maximo, se produce el proceso inverso vy el
porcentaje de remocion comienza a reducirse, se observa que
para alcanzar el dptimo es necesario reducir las concentracio-
nes manteniendo el tiempo de 143h.

En el modelo estudiado para el ibuprofeno (Figura 2C), los
valores de las variables C, T, T2 y C*T, son significativos por lo
que se presenta un modelo que obtiene la mayor informacion,
acorde a la ecuacion (B).

El ibuprofeno inicia con un porcentaje de remocién de
17.00%, a una concentracién de 3mg/L en un tiempo de 48h, di-
cho porcentaje presenta un ascenso pronunciado alcanzando un
maéximo de remocion de 73.33%, a una concentracion de 12mg/L
en un tiempo de 192h ; sin embargo, se observa que el éptimo
aun esté alejado de este rango y al analizar el ascenso mas pro-
nunciado, se observa que para encontrar el dptimo es necesario
aumentar las concentraciones e incrementar el tiempo.

CZ

TZ

Y = by +b,C+b,T+b,C*+b,T+C (2)

Y = by +b,C+b,T +b.T2+Db,C+T (3)

c? T2

SULFAMETOXAZOLE Y = 97.34 — 2324 C +0.15 T+ 1.36 C> ¥ =97.34 — 2.8704C — 1.1264 T — 0.0053T>
(SMX) — 00026 C*T — 0.0025C «T
CIPROFLOXACINA Y =6654 + 421C + 0.078T — 0.54 2 Y = 6654+ 395C —0.5885T —0.0021 T?
(Cx) + 0.0069C=*T —0.0069C T
ACETAMINOFEN ¥ =26.79- 8.89C+ 0.193T + 0.684 2 Y =2679 + 1.38C- 0.4480T
(AC) — 0.0087C=+T + 0.0027T%- 0.0087C +T

¥ = 170 — 088 C + 035 T + 022C2 ¥ =171 + 246C + 0.15T
IBUPROFENO (IB) — 0008C=T + 0.00087T2-0.008C T

Y = 4634 - 1241C + 0.058T + 110c¢% ¥ = 46,34 + 410C- 097 T + 0.0043 T2
DICLOFENACO (DF) + 0003C=T + 0003C=*T

Tabla 1. Modelo general de superficie de respuesta para cada uno de los farmacos de estudio.
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Figura 2. Resultados obtenidos con la técnica superficie de
respuesta para la remocion con Chrysopogon zizanioides de
los farmacos A) sulfametoxazol, B) ciprofloxacina, C) ibupro-
feno, D) diclofenaco y E) acetaminofén en medio acuoso a
concentraciones de 3 mg/L, 6 mg/L, 9 mg/L y 12 mg/L, du-
rante cuatro tiempos de muestreo 48 h, 96 h, 144 hy 192 h.

% de remocién = 97.34 - 2.8704C - 1.1264 T + 0.0053T2 - 0.0025C +T 4)

% de remocién = 66.54 - 3.95C + 0.5885T - 0.0021 T2 + 0.0069C +T (5)
% de remocién = 1.71 + 246C + 0.15T + 0.00087T>- 0.008C +T (6)
% de remocién = 46,34 + 410C- 097 T + 0.0043 7> + 0,003C+T (7)

% de remocién = 26.79 + 1.38C - 0.4480T + 0.0027 > - 0.0087C +T (8)
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En el modelo estudiado para el diclofenaco (Figura 2D),
los valores de la variable C, T y T? son significativos por lo que
se puede reducir el modelo para obtener mas informacion eli-
minando el término que no es significativo, el cual resulta de
la interaccion entre las variables de concentracion y tiempo,
como se obhserva en la ecuacion (7).

En el caso del diclofenaco inicia con un porcentaje de re-
mocién de 28.18%, con una concentracion de 3mg/L en un
tiempo de 48h, dicho porcentaje presenta un descenso en las
primeras 106h; a partir de ese tiempo se observa que el por-
centaje de remocion tiene un ascenso alcanzando un maximo
de remacion de 73.33%, con una concentracion de 12mg/L en
un tiempo de 192h; sin embargo, se observa que el éptimo aun
estd alejado de este rango y al analizar el ascenso mas pro-
nunciado, vemos que para encontrar el éptimo serfa necesario
aumentar las concentraciones e incrementar el tiempo.

En el modelo estudiado para el acetaminofén (Figura 2E),
se comporta de manera similar a lo presentado en los otros
farmacos, tal como lo muestra la ecuacion (8)

El acetaminofén inicia con un porcentaje de remocion de
14.33%, a una concentracién de 3mg/L en un tiempo de 48h,
dicho porcentaje presenta un descenso lento en las primeras
91h; a partir de ese tiempo se observa que el porcentaje de re-
mocidn tiene un ascenso alcanzando un maximo de remocion
de 38.49%, con una concentracion de 3mg/L en un tiempo de
192h; sin embargo, se observa que el 6ptimo aun esta aleja-
do de este rango y al analizar el ascenso mas pronunciado,
vemos que para encontrar el dptimo es necesario reducir las
concentraciones e incrementar el tiempo. También se podria
considerar la posibilidad de encontrar el éptimo reduciendo el
tiempo y la concentracion.

1
Discusion

Los resultados obtenidos en esta investigacién demos-
traron la capacidad de Chrysopogon zizanioides para remover
los cinco farmacos estudiados en medio acuoso en un periodo
experimental de 192 h a diferentes concentraciones considera-
das en esta investigacion (3, 6, 9y 12 mg/L).

Los valores obtenidos para el sulfametoxazol alcanzaron
un porcentaje maximo de 66.53% a las 192 h (Figura 2A), valor
de remocidn que resulta no 6ptimo.

Al analizar el ascenso de la curva de absorcion, se visua-
liza que para encontrar el 6ptimo serfa necesario reducir las
concentraciones e incrementar el tiempo. Sin embargo, los
valores de absorcion del sulfametoxazol resultan semejantes
a los reportados en otros estudios. Se ha registrado un porcen-
taje de remocién de alrededor del 19.0% Unicamente después
de 24 h de exposicidn en plantas de col china y espinaca de
agua con soluciones de sulfametoxazol a una concentracion
de 100 mg/L“.

Al analizar las muestras correspondientes a la ciprofloxa-
cina se obtuvieron valores ¢ptimos del 98.32% a las 149 h (Fi-
gura 2B) con una concentracion de 3 mg/L, estos resultados
son similares a un estudio donde se alcanzd una remocion del
97.0% de ciprofloxacina en un periodo experimental de 30 dias,
en plantas expuestas a 0,05 y 0,1 mg/L de este antibidtico, y
80.0% y 85.0% de remocidn respectivamente al ser expuestas
a soluciones con concentraciones de 1 a 10 mg/L de cipro-
floxacina®.

Los ensayos realizados con ibuprofeno para evidenciar la
capacidad de Chrysopogon zizanioides como agente de fitore-
mediacion de este farmaco, arrojaron resultados favorables
con un porcentaje de remocidén maximo de 73.33% a las 192

h (Figura 2C). En otro estudio, se demostré que el ibuprofeno
puede ser removido de un medio acuoso en su totalidad por
la especie Phragmites australis después de 21 dias de expo-
sicién a una concentracién de 60 mg/L%. Bajo estos parame-
tros es posible que Chrysopogon zizanioides tenga la misma
capacidad de remocién con respecto al ibuprofeno por lo que
se sugieren ensayos a futuro que consideren tiempos prolon-
gados de exposicidn de esta especie vegetal en medio acuoso
con este farmaco.

En este estudio se logré un porcentaje maximo de remo-
cion del 73.33% del diclofenaco a las 192 h (Figura 2D), los va-
lores méaximos obtenidos en este estudio resultan semejantes
a otros reportes donde se usaron especies vegetales para de-
terminar sus capacidades de absorcion del diclofenaco, como
es el caso de la especie Typha latifolia que fue el objeto de es-
tudio de (51), quienes demostraron que dicha especie es capaz
de absorber un maximo del 80.0% del diclofenaco presente en
una concentracion de 1mg/L.

Por otra parte, el acetaminofén arrojé valores maximos de
38.49% a las 192 h (Figura 2E) a una concentracion de 3mg/L,
siendo este valor de remocion el menor registrado entre los
cinco farmacos analizados en este trabajo de investigacion.
Varias pueden ser las razones de la baja remocidn, incluyendo
las caracteristicas del farmaco y su compatibilidad con la es-
tructura de la especie vegetal evaluada. En un estudio usando
Brassica juncea, el porcentaje de remocion para el acetamin-
ofén alcanzd el 60.0% en 165 h a una concentracion de 1 mM
que corresponde aproximadamente a 150mg/L%%

Asimismo, se ha reportado en varios informes que Chry-
sopogon zizanioides tiene la capacidad de remover fenol, tetra-
ciclina'y 2,4,6-trinitrotolueno (TNT) del sustrato en el que cre-
ce*’. Chrysopogon zizanioides puede considerarse como uno
de los mejores fitorremediadores de la acrilamida por ser una
planta perenne con gran biomasa y un sistema radicular largo,
denso y extendido, por lo que esta planta es capaz de absorber
acrilamida en el suelo durante un largo periodo de tiempo“C.

En comparacién con otras plantas, Chrysopogon zizanioi-
des es mas eficiente en la absorcion de ciertos metales pesa-
dos y productos quimicos debido a la capacidad de su sistema
de raices para alcanzar mayores profundidades y volumen. Asi-
mismo, se descubrié que esta planta es altamente tolerante en
condiciones extremadamente adversas, por lo tanto, se puede
utilizar para la rehabilitacion de relaves mineros, vertederos de
basura y vertederos de desechos industriales que a menudo
son extremadamente &cidos o alcalinos, ricos en metales pe-
sados y bajos en nutrientes para las plantas*. Adicionalmente,
sostienen que las plantas pueden limpiar muchos tipos de con-
taminantes como metales, pesticidas, aceites y explosivos*.

Es importante sefialar que Chrysopogon zizanioides se
mantuvo fresca y saludable durante las 192 h que dur¢ el
experimento, en todas las soluciones preparadas a las cua-
tro concentraciones consideradas en este estudio, lo que de-
muestra que es una especie resistente y apropiada para la
fitorremediaciéon de estos contaminantes emergentes, esto
es consistente con otros reportes que indican esta especie fue
bastante resistente, inclusive a la radiacién en comparacion
con otras plantas®. En otro estudio se demostrd un crecimien-
to normal y aparentemente saludable de Chrysopogon ziza-
nioides por un periodo de 12 meses en un suelo contaminado
por una mina de hierro®,

Los resultados obtenidos en este estudio reflejan la efi-
ciencia del vetiver (Chrysopogon zizanioides) en la remaocion de
los cinco farmacos del estudio, lo que demuestra que la téc-
nica de fitorremediacion funciona eficientemente bajo condi-
ciones controlada (invernadero) y pudiera ser prometedora a
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mayor escala, lo cual fue probado en 1995 en Queensland,
Australia, donde este pasto, fue reconocido por primera vez por
tener caracteristicas "sUper absorbentes" adecuadas para la
eliminacioén de lixiviados y efluentes generados en vertederos
y plantas de tratamiento de aguas residuales, lo mismo fue
corroborado por cientificos chinos en 1997 y desde entonces
el denominado Sistema Vetiver se ha utilizado con éxito para
estos fines en Australia, China y Tailandia®*’. Vetiver atrajo la
atencion mundial como un medio natural para diversas aplica-
ciones ambientales, incluyendo la desintoxicacién de suelos y
agua contaminados“®.

|
Conclusiones

En este estudio la especie vetiver (Chrysopogon zizanioi-
des) removid porcentajes considerables de los cinco farmacos
estudiados sulfametoxazol, ciprofloxacina, acetaminofén, ibu-
profeno y diclofenaco en medio acuoso.

Se ha podido determinar que (Chrysopogon zizanioides)
removid de forma eficiente en todas las soluciones a las cuatro
concentraciones preestablecidas de ciprofloxacina e ibuprofe-
no, alcanzando una remocion maxima de 98.00% y 73.00%,
respectivamente a una concentracion de 3mg/L.

Con sulfametoxazol en las primeras 48 horas se alcan-
z46 una remocién de aproximadamente 50.00% y de mas del
70.00% al finalizar el experimento, en concentraciones bajas
de alrededor de 3mg/L.

Los resultados para la remocién del diclofenaco en las
condiciones establecidas fueron muy interesantes, pues se al-
canzdé una remocion de 73.00% aproximadamente a altas con-
centraciones (12mg/L) en los tiempos finales del experimento.

En el caso del acetaminofén, la remocion por parte del veti-
ver se presentd relativamente baja en todas las concentraciones
establecidas en el estudio. Sin embargo, no deja de ser importan-
te laremocion producida de 38.49% a concentraciones de 3mg/L.

La metodologia superficie de respuesta permitié estable-
cer los maximos porcentajes de remocioén de los cinco farma-
cos en las condiciones establecidas para el estudio. Asimismo,
ha permitido observar la proyeccién de la investigacion en di-
reccion a obtener los tiempos y concentraciones éptimos, de
tal forma que en préximos estudios se podria aumentar o re-
ducir las concentraciones y variar el tiempo.

En este trabajo de investigacién se demostrd la alta capa-
cidad removedora de Chrysopogon zizanioides de los cinco far-
macos estudiados en medio acuoso en condiciones controladas,
vislumbrando un gran potencial en el ambito de la biotecnologia
ambiental para el tratamiento terciario de aguas residuales con
miras a eliminar los productos farmacéuticos en mencidn.
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Phytochemical screening and antioxidant activity of Epidendrum nocturnum
Fernando Mencias, Telmo Salazar , Marco Cerna DOI. 10.21931/RB/2021.06.01.8
Abstract: The objective of this study was to evaluate the antioxidant capacity of Epidendrum nocturnum using the DPPH technique
to determine the capacity for scavenging free radicals, as well as to identify secondary metabolites in ethanolic extracts of the
previously mentioned species by phytochemical screening, with analysis of alkaloids, flavonoids, saponins, tannins, and triterpenes.
The results determined in the phytochemical screening that the secondary metabolites were most present were flavonoids, tannins,
and saponins; no alkaloids or triterpenes were found. In the analysis of antioxidant activity, Epidendrum nocturnun in the three
extracts showed that with an average concentration of 3.50 ppm, it could inhibit 50% of the free radicals present in the test solution.

|
Introduction

Orchids belong to the Orchidaceae family, one of the most
numerous families with approximately 35,000 species and
striking for their beautiful flowers!. In Ecuador, Endara and
Jost? mention that there are 1707 endemic orchid species, and
because of this, it is said that this family is considered the most
diverse of vascular plants.

We will find several secondary metabolites within the or-
chids such as alkaloids, flavonoids, phenols, terpenoids, and
phenanthrenes; these being complex substances used as acti-
ve principles in the pharmaceutical industry, they have a phar-
macological or physiological action on the body?.

Within the scientific field, interest in verifying the ethnobo-
tanical uses of plants, or obtaining new compounds with phar-
macological activity, especially with antioxidant action. Becau-
se Ecuador has a great diversity of orchids used in traditional
medicine that still do not have a phytochemical screening, the
lack of scientific studies that corroborate these applications is
evident; with those mentioned above, it is essential since acti-
ve principles can be obtained to replace synthetic compounds
used in the pharmaceutical industry*.

|
Materials and methods

Location and collection of the sample

The collection was carried out in the "Orquideario de Sari-
na," located in the province of Pichincha, in the canton of Quito,
in the parish of EL Quinche.

The plant material selected for this study was 100g of
leaves; the leaves were cut with pruning scissors previously
sterilized with 96% alcohol, placed in paper bags, and stored
in plastic bags with a seam to avoid deterioration the samples.

Obtaining the ethanolic extract

To obtain the ethanolic extracts, a maceration was carried
out according to the methodology described by Moreno and
Jaramillo®, the process consisted of: taking 100 g of young lea-
ves, it was crushed in a porcelain mortar of 80 mm in diameter,
70 mL of 96% ethanol and macerated in an amber flask for
8 days in complete darkness. It was then filtered to remove
leaf residues and stored in the dark and kept under ambient
conditions; all this was repeated three times, obtaining three
similar extracts.

Key words: Antioxidant, Epidendrum, DPPH, metabolites, screening.

Phytochemical screening

Using the Miranda and Cuellar Manual qualitative techni-
que, preliminary colorimetric tests were used, which are fast
and straightforward for determining secondary metabolites.
The presence of alkaloids (Draggendorf;), flavonoids (Shinoda),
saponins (foam), tannins (Gelatin-Salt), and triterpenes (Lie-
bermann-Burchard) were determined in the ethanolic extracts.

If opalescence (+), turbidity (++), or precipitate (+++) is
observed, it is considered that the sample contains the secon-
dary metabolite; in all analyses, 96% alcohol was used as a
negative control.

Test for alkaloids

Following the methodology described by Carrera et al?,
using the Draggendorf reagent, 3 mL of sample was placed
in a test tube, then 3 drops of the draggendorf reagent were
added, vigorously shaken, and waited for 30 minutes. Caffeine
was used as a positive control.

Test for flavonoids

Following the methodology described by Ramos et al’,
using the Shinoda reagent; For which 3 mL of sample was pla-
ced in a test tube, then several magnesium filings were added,
the test tubes were placed in a water bath at 60 ° C, then 3
drops of concentrated HCL were placed. Apple was used as a
positive control.

Test of saponins

Following the methodology described by Moreno and Ja-
ramillo®, using the foam test; for which 3 mL of sample was
placed in a test tube, then 5 mL of distilled water was added
and vigorously stirred for one minute. Quinoa was used as a
positive control.

Tannins test

Following the methodology described by Sdnchez and Ca-
(le?, using the Gelatine-Salt reagent, 3mL of the sample was
placed in a test tube, then 2 mL of reagent was added. Black
tea was used as a positive control.

Triterpenes test

Following the methodology described by Carrera et al®?,
using the Liebermann-Burchard reagent; for which 3 mL of
sample was placed in a test tube, then 1 mL of acetic anhydri-
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de was slowly added through the wall of the tube, and finally,
with caution, 2 drops of concentrated sulfuric acid were added.
Calendula was used as a positive control.

Evaluation of antioxidant activity

For this test, the methodology of Noriega et al.® was used,
for which a solution of 2,2-diphenyl-1-picrylhydracil DPPH
was made. For each of the extracts, dilutions were prepared
in different concentrations: 10 uL, 50 uL, and 80 ulL in amber
vials; it was completed with 96% alcohol obtaining a volume of
100 uL; 2.9 mL of DPPH was added to these dilutions until the
final volume was 3 mL, it was homogenized and stored in the
dark for 30 minutes.

Preparation of the DPPH solution

24 hours before the analysis, 500 mL of DPPH was prepa-
red in 96% ethanol, for which 19.70 mg of DPPH was weighed,
it was dissolved in 200 mL of drinking alcohol, then it was ad-
ded to 500 mL, this The solution was stored in an amber bott-
le wrapped in aluminum foil refrigerated at 4 °C, a technique
described by Castafieda et al.*®.

Vitamin C standard curve

The standard was prepared by dissolving 20 mg of ascor-
bic acid in 100 mL of ultrapure water as described by Noriega
etal®.

The concentration of vitamin C obtained was 0.2 mg / mL,
with which the following dilutions were made:

100 uL of vitamin C + O uL of pure water

80 uL of vitamin C + 20 uL of pure water

60 uL of vitamin C + 40 uL of pure water

40 uL of vitamin C + 60 uL of pure water

20 uL of vitamin C + 80 uL of pure water

0 uL of vitamin C + 100 uL of pure water

Figure 1. Vitamin C calibration curve.

Phytochemical screening and antioxidant activity of Epidendrum nocturnum

The prepared solutions were placed in amber vials, and
2.9 mL of previously prepared DPPH was added to these, sti-
rred, and remained in the dark for 30 minutes.

The prepared solutions were placed in 3 mL plastic cells
to be analyzed in the spectrophotometer (JASCO V-730) at a
wavelength of 517 nm; the samples were analyzed to increase
their concentration, each sample was analyzed in triplicate.

The calibration curve obtained in this investigation can be
seen in figure 1, which presents an R? = 0.9958, being accepta-
ble because it is close to 1.

Preparation of samples for analysis in the spectrophotometer

From the extracts of each species under study and the fo-
llowing solutions were made:

10 uL of extract + 90 uL of 96% ethanol

50 uL of extract + 50 uL of 96% ethanol

80 uL of extract + 20 uL of 96% ethanol

100 uL of alcohol 96% + 2.9 mL DPPH

To analyze the samples in the spectrophotometer, the
procedure used for vitamin C was replicated.

|
Results and Discussion

Secondary metabolites identification

The percentage of presence of secondary metabolites in
the analyzed extracts of Epidendrum nocturnum were: flavo-
noids 100% in high concentration, tannins 100% in medium
concentration, saponins 66.66% in low concentration, alka-
loids and triterpenes 0%, the concerning result the alkaloids
contrasts with the study done by Sut et al.*, who found phe-
nanthrenic alkaloids in species of the genus Epidendrum; This
would indicate that the species collected has not had an exter-
nal threat that induces the production of alkaloids, as explai-
ned by Farran et al.*?, see table 1 and table 2.
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Table 1. Phytochemical screening of Epidendrum nocturnum.

Table 2. Secondary metabolites analysis.
Note: Photographs of the tests carried out in the CIVABI UPS.

Evaluation of antioxidant activity

The extracts of E. nocturnum showed antioxidant capaci- It was observed that the Epidendrum nocturnum species
ty. The three extracts had similar results that, on average with  exceeded the antioxidant capacity of Prosthechea michuacana
a concentration of 3.50 ppm they inhibited 50% of the DPPH  reported by Gonzélez et al.?, which required 13.22 ppm to inhi-
free radicals. See figure 2. bit the% IC50 of DPPH.

Figure 2. Percentage of inhibition of DPPH of Epidendrum nocturnum.



|
Conclusions

The secondary metabolites present in Epidendrum noc-
turnum in 100% were flavonoids and tannins; in saponins, it
was 66.66%.

The antioxidant activity analysis showed in the 3 extracts
Epidendrum nocturnum with only 3.5ppm inhibited 50% of
DPPH free radicals.

Epidendrum nocturnum presented a significant antioxi-
dant capacity and a high presence of flavonoids in its compaosi-
tion, confirming that this secondary metabolite contributes to
these plants' antioxidant capacity.

|
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Chemical Pretreatments on Residual Cocoa Pod Shell Biomass for Bioethanol
Production
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Abstract: Cocoa pod shell is an essential agricultural residue in Ecuador, and this study addressed its potential valorization for
bioethanol production. For this, three types of pretreatments, acid, alkaline, and autohydrolysis, were applied to pod shells from
two different cocoa types, national and CCN-51. to remove the lignin. Untreated and treated biomasses were characterized by
composition, thermal stability, Fourier transformed infrared spectroscopy (FITR), and scanning electron microscopy (SEM). The
treated biomass was then enzymatically hydrolyzed with cellulase. Reducing sugars were quantified after pretreatments and
enzymatic hydrolysis, and the pretreatment liquors and the enzymatic hydrolysates were subjected to alcoholic fermentation
with Saccharomyces cerevisiae. There were substantial differences in composition between both biomasses, particularly in lignin
content, with national cocoa having the lowest values. All pretreatment conditions had significant effects on biomass composition,
structure, and thermal properties. After alkaline pretreatment, the biomass presented the highest cellulose and lowest lignin
contents, resulting in the highest reducing sugar concentration in the pretreatment liquor. The highest lignin content was found
after the acid pretreatment, which resulted in low, reducing sugar concentrations. Autohydrolysis produced similar results as
the acid pretreatment; however, it resulted in the highest sugar concentration after enzymatic hydrolysis, while the acid-treated
sample had negligible levels. After fermentation, there were no differences in productivity among the pretreatment liquors, but
autohydrolysis had the largest ethanol yield. In the hydrolysates, it was also autohydrolysis that resulted in higher productivity
and yield. Thus, there is an indication of the formation of inhibitors, both enzymatic activity and ethanol production, in the acid and
alkaline pretreatments, and this should be tackled in future research. Nonetheless, given the crucial changes observed in biomass,
we believe that cocoa pod shell pretreatment has potential for the generation of reducing sugars that could be further used in

different bioprocesses, nor only bioethanol production.

Key words: Lignocellulosic biomass, bioethanol, cocoa, pretreatment, bioprocesses.

|
Introduction

Currently, 83% of the world's energy demand is satisfied
by burning fossil fuels; The Intergovernmental Panel on Clima-
te Change (IPCC) found that fossil fuels are the main genera-
tors of greenhouse gases, which accelerate global warming?.
Thus, there is urgency in developing alternative fuels, such as
biodiesel from food waste? and second-generation bioethanol
from residual lignocellulosic biomass®.

The primary sources of lignocellulosic biomass are agri-
cultural residues, wood, and energy crops. This biomass is
mainly composed of cellulose (35-50%), hemicellulose (20-
35%), lignin (10-25%), and, to a lesser extent, there are prote-
ins, pectin, oils, and ashes* However, lignocellulosic biomass
has a complex structure because cellulose is wrapped in a
hemicellulose matrix, which, in turn, is surrounded by lignin
walls. The latter is a rigid mesh because of the aromatic subu-
nits in its macromolecular structure®.

Studies have shown that implementing a biomass pre-
treatment is crucial to break down the lignin structure, eli-
minate hemicellulose, reduce the crystallinity of cellulose,
and increase the available surface area for enzymes and mi-
croorganisms to act®. Pretreatments are classified as physical,
chemical, and biological, but they can also be combined to in-
crease bioprocess performance and productivity of the desired
product’.

A commonly used biological pretreatment of lignocellu-
losic biomass is enzymatic hydrolysis since it releases sugars

that will later be transformed into ethanol thanks to fermen-
tation®. However, low yields are observed due to the complex
structure of lignocellulosic biomass. For this reason, before
enzymatic hydrolysis, acidic and alkaline pretreatments have
been used to remove lignin and hemicellulose and decrease
the cellulose crystallinity*.

Some bhiomasses have already been pretreated using
these technologies and assessed for bioethanol production.
Among the most studied sources are sugarcane bagasse, fruit
waste, and water-insoluble fractions of sugar straw. In these
studies, industrial yeast Saccharomyces cerevisiae for alcoho-
lic fermentation has been used®. Other less conventional sour-
ces, such as sweet sorghum, have also been explored, with
promising results!®.

Cocoa pod husk represents a lignocellulosic residue poor-
ly explored as raw material for bioethanol production. Ecuador
is one of the largest cocoa producers in the world. In 2015,
236,677 thousand metric tons of cocoa beans were exported,
where 47% corresponds to fine aroma cocoa, and the rest co-
mes from a less flavorful but more productive clone called
CCN-51 (Coleccion Castro Naranjal 51)™. Moreover, according
to the Bioenergetic Atlas of Ecuador, this translated into more
than 2 million tons of waste, mostly derived from the pod
shell*. Usually, these residues are used as organic compost;
however, no study demonstrates their fertilizing capacity. Ani-
mal feed has also been explored, but the pod has theobromine,
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a hepatotoxic alkaloid, and can be harmful to animal health®.
For this reason, the cocoa pod shell, being a very abundant
agricultural residue, can be used as a source of great impor-
tance for the production of bioethanol.

Therefore, the present work aims to evaluate the effects
of different chemical pretreatments followed by enzymatic
hydrolysis on biomass composition and properties and the ge-
neration of reducing sugars, both in the pretreatment liquors
and enzymatic hydrolysates, and their potential use in alcoho-
lic fermentation.

|
Materials and methods

Pod shells from two cocoa types were subjected to three
different pretreatments: alkaline, acid, and autohydrolysis, and
the liguors were stored. The resulting solids were then subjec-
ted to enzymatic hydrolysis, using cellulose. After that, alco-
holic fermentations were carried out from the pretreatment
liguors and hydrolysates. In Figure 1, the block diagram for ob-
taining ethanol from a cocoa pod shell is presented.

Fermentation

In a 50mL conical tube, previously autoclaved, 30mL of
the pretreatment liquor or hydrolysate was placed. Then, S.
cerevisioe (RC212 yeast) was added at 8g/L and activated at
30 ° C for 20 minutes. Fermentation was carried out in a mi-
crobiological incubator at 30°C for 72 hours'®. Finally, samples
were taken from each of the fermenters after 24, 48, and 72
hours for sugar quantification.

Biomass Characterization

Composition

The untreated and pretreated biomass, moisture, fat, pro-
tein, and ash contents were determined according to standar-
dized methods %,

To determine cellulose content, the method reported by
Dominguez et al. (2012) was followed. Briefly, 1g of dry sample
was treated with 15mL of 80% acetic acid, along with 1.5mL
of 68% nitric acid, for 20 min, under reflux. This was followed
by filtration with hot water and small amounts of ethanol. As a

Figure 1. Block diagram for cocoa pod shell valorization to produce bioethanol.

Biomass preparation

Pod shells from the delicate aroma, national cocoa, and
CCN-51 clone (Coleccion Castro Naranjal 51) were collected,
thoroughly washed, cut into 1x1lcm pieces, and dried at 60 °C
until constant weight. Then, the dry sample was ground and
sieved to a particle size range of 150 and 600um.

Bioethanol production

Biomass Pretreatment

For each pretreatment, 1g of dry sample was pretreated
with 15mL of solution for 4 hours at 100 ° C, under reflux,
according to our laboratory's preliminary results (Data not
shown). The pretreated biomass was thoroughly rinsed in dis-
tilled water until neutral pH and dried at 40°C, until constant
weight. The pretreatment liqguor was saved for fermentation
and reducing sugar quantification. Pretreatments consisted of
2% w/v NaOH for the alkaline conditions, 2% v/v sulfuric acid
for the acid attack, and distilled water for autohydrolysis*.

Enzymatic hydrolysis

For the enzymatic hydrolysis, 7g of pretreated biomass
were suspended in 50mL of sterile 50mM sodium citrate bu-
ffer solution, at pH 4.8, in an amber bottle. Cellulase (Roha-
ment CL) was added at a concentration of 177 (ECU / mL). The
bottle was then purged with N2 and capped. Hydrolysis was
carried out at 55° C and 50rpm for 72 hours's. The hydrolysate
was separated through filtration for further fermentation, and
the biomass was rinsed and dried as previously described for
characterization.

next step, the sample was placed in crucibles and dried in the
oven at 105°C for 24 hours. The sample was allowed to cool,
weighed, and placed in the muffle for 5 hours at 540 ° C*. Fina-
lly, the cellulose content was determined through equation (6).

(0)

Where, Wf, We, and Wi are the dry, calcined, and initial
sample weight, respectively.

To determine lignin composition, 1 g of dry sample was
suspended in 15mL of 72% sulfuric acid and stirred for 2 hours.
The mixture was then mixed with 125mL of distilled water and
boiled, in a reflux system, for 4 hours. Finally, the remaining so-
lids were separated through filtration, washed with hot water
and dried at 105 ° C for 3 hours'’. Lignin content was estimated
through equation (7).

(7)

Where Wi and Wf are the initial sample weight and the
weight after drying, respectively.

Physical-chemical characterization

To assess other significant compositional changes in the
biomass due to pretreatment, Fourier transformed infrared
spectroscopy (FTIR) was used. Spectra between 500-4000
cm™ were obtained in a Cary 630 FTIR Spectrometer from Agi-
lent Technologies. Meanwhile, changes in biomass morpho-
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logy were assessed through Scanning Electron Microscopy
(SEM). Untreated and pretreated biomasses were analyzed in
a JEOL JSM-IT300 Scanning Electron Microscope at 50Pa and
20KV, using the MP-96040EXCS External Control Software for
image processing.

The Thermal characterization was made to observe any
changes produced in the biomass's thermal stahility after each
pretreatment, as this is an indication of biomass composition
and interaction among its components. Thermogravimetric
analysis (TGA) was carried out in a PerkinElmer Simultaneous
Thermal Analyzer STA 8000, where 5 mg of sample were hea-
ted from 25°C to 600 ° C, with a heating ramp of 10 ° C / min.
Nitrogen was used as inert gas with a flow of 20 ml/min.

Reducing Sugars and Ethanol Quantification

For reducing sugar quantification, the 3,5-dinitro-sali-
cylic-acid (DNS) method was used?, using a Hach Colorimeter
DR / 870. A calibration curve was generated with solutions of
known glucose concentrations.

To measure the ethanol obtained after each fermentation,
the sample was initially centrifuged and filtered, followed by li-
quid-liquid extraction with dichloromethane, at a 2: 1 ratio. The
organic phase was removed, and propanol was added, as an in-
ternal standard, at a 25:2 ratio. Finally, ethanol was quantified
using gas chromatography in a GCMS-QP2010. Using a cali-
bration curve, ethanol concentration was determined by rela-
ting the peak areas corresponding to ethanol and the internal
standard. On the other hand, productivity was determined as
grams of EtOH per kilograms of untreated bhiomass. While the
yield was defined as the moles of EtOH divided by the moles of
glucose present in the fermentation.

Statistical analyses

All analyzes and experiments were carried out in triplica-
tes (n = 3). Results are reported as the (average + standard
deviation). Statistically significant effects were determined
through an Analysis of Variance (ANOVA), and Tukey's pairwi-
se comparison was used to determine differences, with a 95%
confidence level (p <0.05).

|
Results and Discussion

Characterization of cocoa pod shells

Knowing the initial biomass composition is essential to
know its variability regarding the cocoa type and assess the
extent of changes caused by pretreatments. The proximal cha-
racterization of the cocoa pod shell for the two studied varie-
ties is shown in Table 1.

Significant differences can be observed between national
cocoa and CCN-51, perhaps being lignin content the most im-
portant. One of the primary purposes of biomass pretreatment
is eliminating or altering lignin structure, and these differences
can have significant repercussions on pretreatment conditions.
In general, cocoa biomass composition is variable, as recogni-
zed in the literature. Campos-Vega reported the composition
ranges of the cocoa pod's shell, where protein content is be-
tween 2.1-9.1%, ash is between 5.8-13.0%, and the lignin con-
tent is 14.7-38.8%%. This variability is related to the variety
and irrigation, fertilizers used, transport, storage, soil, other
factors?4, and crop's climatic and environmental conditions®.

Characterization of pretreated biomass

Pretreatment yields, defined as the ratio between the
treated and untreated biomass, are essential for industrial
applications. It would give a clear indication of the amount
of residual pod shell needed to produce a desired amount of
bioethanol. The values of pretreatment yield for each of the
biomasses are presented in Figure 2.

In general, it was found that, for all pretreatments, the
yield was lower for CCN-51. In both cocoa types, the alkaline
pretreatment resulted in the lowest yield (p<0.05), with values
of (58.24+3.40)% and (37.72+1.57)% for national and CCN-51,
respectively. On the other hand, autohydrolysis had the hi-
ghest yields, with values of (70.69+0.34)% for national cocoa
and (50.15+0.24)% for CCN-51. The lower yield levels found on
CCN-51 variety may be related to its high lignin content, and
this could be explained through the composition of the pretrea-
ted biomasses, shown in Figure 3. In the case of national cocoa
(Figure 3a), the acid pretreatment presented the highest lignin
content (43.14+2.15)%, while the alkaline pretreatment had
the lowest lignin percentage, (18.75+3.31)%, and the highest
cellulose composition of (57.34+7.29)%. Cellulose content
was always higher than in the pretreated biomass, a pattern
that was also observed in CCN-51 (Figure 3b). Nonetheless,
for the latter, lignin composition, after any pretreatment, was
lower than that of the untreated biomass. Once again, the
alkaline pretreatment resulted in the highest and lowest lig-
nin and cellulose contents, with values of (24.43+4.01)% and
(55.1941.65)%, respectively. There were no significant diffe-
rences between the acid treatment and autohydrolysis.

As previously mentioned, the pretreatments' purpose is
to depolymerize lignin and, possibly, hemicellulose structu-
res. Furthermore, in this process, part of the cellulose is also
hydrolyzed into reducing sugars, useful in subsequent biopro-
cesses’, At the same time, the remaining cellulose would be
more readily available for enzymatic hydrolysis. The acid hy-
drolyses hemicellulose and dissolves lignin by breaking glyco-
sidic bonds, which leads to polysaccharides being transformed

Table 1. Characterization of the pod shell from different cocoa types.
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Figure 2. The yield of the pod she-
ll, from different cocoa types, after
each pretreatment. Pretreatments
with the same letters do not present
statistically significant differences

Figure 3. Lignin and cellulose con-
tent before and after each pretreat-
ment applied to the husk of a) Natio-
nal cocoa and b) CCN-51 pod. (*) and
(#) represent maximum amounts of
lignin and cellulose content, respec-
tively (p <0.05). Pretreatments with
the same letters do not present sta-
tistically significant differences.
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into oligomeric and monomeric sugars’. However, the acid con-
centrations and temperatures used in this work are low com-
pared to others reported in the literature?’?, and de-lignifica-
tion is less significant than autohydrolysis, where only water
was used.

On the other hand, the alkaline pretreatment breaks the
lignin structure by swelling cell walls and reducing its crysta-
Winity, increasing the surface area of cellulose®. This pretreat-
ment seemed to be more efficient at delignifying both types of
biomass, a fact of the high cellulose contents corroborate that.
Moreover, the extent of delignification may be responsible for
the lower yields observed for the CCN-51 samples. As they
have higher lignin contents, and the alkaline pretreatment pro-
ved successful at eliminating lignin, the greater mass was lost
in the pretreatment of this cocoa type.

Changes in cocoa pod shell morphology after each
pretreatment

As biomass composition was altered after pretreatment,
it was essential to evaluate morphological changes that could
explain, from a physical standpoint, what occurred to the
structure®. Figure 4 shows the micrographs of untreated and
treated biomass for both cocoa types.

For national cocoa (Figures 4 a-d), significant changes can

larger yields, National Cocoa was further studied, and thereby,
the following results pertain to this type of biomass.

Compositional analyses by FTIR spectra

National cocoa pod shell biomass, both untreated and
pretreated, was analyzed by FTIR to corroborate compositio-
nal changes, and the resulting spectra are presented in Figure
5, where changes in the presence of peaks and peak intensity
took place. In this section, peaks will be mentioned about the
untreated biomass, as a shift in the entire spectra was obser-
ved for the pretreated samples, a pattern that was reproduced
in the laboratory. A small-signal can be found at 1,164 cm™ due
to cellulose C-0-C asymmetric stretching®; this peak increa-
ses in intensity after pretreatments, becoming most visible af-
ter the alkaline attack. A similar effect is observed at 830cm?,
which represents cellulose B-glycosidic linkages®. The band at
1232 cm* corresponds to the C-O stretching of hemicellulose
and lignin, a signal that significantly decreases in the acid and
alkaline samples. Bands associated with skeletal vibrations of
aromatic rings within the lignin structure are seen at 1510 and
1680 cm 34 with the latter reducing its intensity in the pre-
treated alkaline sample. The peak at 1732 cm™ corresponds
to ketone and aldehyde vibrations (C=0) from hemicellulose®,
and it can be seen that this signal is maintained after auto-

Figure 4. Scanning electron micrographs of pod shell hiomass from National Cocoa (top row) and CCN-51 (bottom row) at
500x magnification. Untreated (a,e), autohydrolysis (b,f), acid (c,g) and alkaline (d,h). Arrows indicate cracks and structures
resulting from possible biomass degradation. Calibration bar: 50um.

be observed after the pretreatments. The untreated biomass
had limited porosity and resulted from autohydrolysis (Fig.
4a and b). The acid pretreatment (Fig. 4c) seemed to genera-
te a slight degradation in terms of the biomass structure, as
implied by different structures' appearance (arrows). On the
other hand, the biomass after alkaline pretreatment (Fig. 4d)
presents a series of pores and cracks (arrows) that could also
be a sign of degradation, which may be due to a higher degree
of lignin removal, as found in changes in biomass composition
(Fig. 3a). It should be taken into account that part of the he-
micellulose could also be degraded during the alkaline pre-
treatment, decreasing the xylan content in the lignocellulosic
material, leading to a greater extent of biomass degradation®.

In CCN-51 (Figures e-f), the changes are less apparent
in porosity, but some modifications can be observed on sur-
face roughness. Thus, given the more significant changes in
biomass morphology, along with greater de-lignification, and

hydrolysis but significantly reduced by the acid and alkaline
treatments.

The observations from the spectra corroborate what was
found in changes in biomass composition (Figure 3). There is a
clear indication of more excellent cellulose content, evidenced
by the higher peak intensities after pretreatments, especially
in the pretreated alkaline biomass. Similarly, reduction in sig-
nals corresponding to the lignin structure is under the de-ligni-
fication claimed previously. However, there is new information
gathered in Figure 6, as peaks related to hemicellulose also
decrease significantly, indicating that all pretreatment condi-
tions produce hemicellulose hydrolysis, as reported by Poletto
et al.(2012)%. Pupiales et al.(2020) reported a similar behavior
for the alkaline pretreatment of the mesocarp from cocoa pod
shell when producing porous sponges for biomedical applica-
tions®,
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Figure 5. FTIR spectra of the untreated biomass (a) and biomass pretreated under (b) autohydrolysis, (c) acid, and (d) alkaline.

Biomass thermal stability

TGA was performed on untreated and pretreated biomass  temperature varied for each sample, with the untreated bio-
to observe the changes produced in the biomass's thermal sta-  mass (Fig. 6a) having a less pronounced slope in the degra-
bility, corroborating changes in its structure and composition.  dation section between 160 and 400°C. In its first derivative,

As seen in Figure 6, the curves of mass loss concerning  multiple peaks are seen before reaching the maximum degra-

Figure 6. Thermogravimetric analysis for biomass samples a) untreated, b) acid, ¢) autohydrolysis, and d) alkaline pretreat-
ments. Dotted and solid lines represent weight loss with temperature and its first derivative, respectively.
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dation temperature, which may correspond to the sample's
heterogeneity with other components, such as pectin, lipids,
polyphenols, and other carbohydrates were not quantified®. It
has been previously reported that the temperature of maxi-
mum degradation for pectin is about 250°C®¢. With the trea-
ted samples, this effect disappears, and only a peak related to
water evaporation remains. Nevertheless, the curves shift, and
the initial and maximum degradation temperatures change, as
reported in Table 2.

shown) had negligible sugar levels. In this case, the samples
from autohydrolysis were hydrolyzed best by the enzyme, with
a sugar concentration of (17.21 £ 5.51) g/L.

Alkali pretreatment is an effective way to remove lignin
by causing swelling; it also causes partial hydrolysis of hemi-
cellulose and cellulose®. This may be the reason for the hi-
ghest sugar concentration in the alkaline pretreatment liquor.
On the other hand, acid pretreatments solubilize lignin and
have proven to be efficient at hydrolyzing cellulose and he-

Table 2. Initial and maximum degradation temperatures obtained from the thermogravimetric analysis of untreated and treated biomass

The initial and maximum degradation temperature varied
concerning each of the pretreatments; this may be a conse-
quence of the cellulose molecule's release, a polymer with
many strong, crystalline, unbranched glucose units®. It is ob-
served, in Figure 2, that acidic pretreatments and autohydroly-
sis have a higher composition of lignin, which is more difficult
to degrade, having three stages: the first related to water eva-
poration, the second, between 200 and 450°C, is due to the
evaporation of phenols, and the third, above 400°C, relates to
the disintegration of aromatic rings®. It is within the second
stage that the temperature of maximum degradation was ob-
served.

Biomasses resulting from acid and autohydrolysis, which
had similar compositions, presented similar values in maxi-
mum and initial degradation temperatures. However, those
from the alkaline pretreatment, having a lower lignin concen-
tration, and being lignin more difficult to degrade®, presented
a lower temperature of maximum degradation and started to
degrade earlier. The untreated biomass, on the other hand,
presented a different behavior as it is a more heterogeneous
matrix, due to the presence of other compounds, previous-
ly mentioned, which played a significant role in degradation,
which started at the lowest temperature of all the samples,
as well as the lowest temperature of maximum degradation.
These results follow what was observed in the FTIR analyses,
where evidence in lower lignin content for the alkaline treated
biomass could result in lower thermal stability. Simultaneous-
ly, those from the autohydrolysis and acid treatment were
more thermally stable, perhaps due to higher lignin and hemi-
cellulose contents.

Reducing sugars after pretreatments and enzymatic
hydrolysis

Once the pretreatment and enzymatic hydrolysis pro-
cesses had been completed, the concentrations of reducing
sugars present in the pretreatment liquors and enzymatic hy-
drolysates were determined to assess potential uses in biopro-
cesses. In Figure 7, it can be observed that, after the alkaline
pretreatment, the highest sugar concentration of (46,46+1,98)
g/L was obtained, while autohydrolysis and the acid pretreat-
ment resulted in similar concentrations between 14 and 15g/L.
Except for autohydrolysis, sugar concentration in the hydroly-
sates was lower than those found in the pretreatment liquors,
and those resulting from acid and untreated biomass (not

micellulose®. However, most dilute-acid treatments reported
in the literature occur at higher temperatures (above 130°C)
than those used in the present study. Thus, the relatively low
temperature could have affected this effect, but higher tempe-
ratures result in economically unfeasible processes reported
by some authors?. Autohydrolysis had a similar effect to that
of the dilute acid, but usually with lower yields*; in this case,
given the reduced acid effect due to lower temperatures, it
could imply that similar sugar concentrations were obtained
after both pretreatments.

But acid treatments pose other vital limitations. During
dilute-acid attacks on biomass, important enzyme inhibitors,
such as hydroxymethylfurfural (HMF) and the furfural com-
pound, can be generated due to the degradation of pentoses
and hexoses“. This effect is less relevant under alkaline con-
ditions; nonetheless, some authors have reported that, for
cellulase to act efficiently on alkaline-pretreated lignocellulo-
se, lignin concentration should be below 18%, lower than the
levels achieved for the cocoa pod shell biomass*. Therefore,
despite being a suitable method for producing reducing sugars
during pretreatment, the alkaline pretreatment herein used is
not suitable for subsequent enzymatic hydrolysis. This method
should be studied further, modifying processing variables.

Sugar consumption during fermentation of the pretreatment
liquors and enzymatic hydrolysates

Despite the important differences observed in reducing
sugar concentrations and the potential generation of inhibitory
by-products from the pretreatments, it was essential to as-
sess their fermented capacity. Curves of sugar consumption
in the fermentation of pretreatment liquors and enzymatic
hydrolysates are shown in Figure 8. When fermenting liquors
(Fig. 8a), sugars were consumed in a similar trend for all of
them, with over 95%.

During hydrolysate fermentation (Fig. 8b), a different be-
havior was found. In this case, after 24h, the remaining sugars
were (46,10+0,15)% and (17,14+0.30)% for enzymatic hydroly-
sates of samples from autohydrolysis and alkaline pretreat-
ments, respectively. After 72h, a significant amount of sugars
remained (13-17%), implying that yeast growth is slower than
in liguor fermentation. The alkaline-pretreated samples could
be attributed to the low sugar concentrations after hydrolysis,
resulting in insufficient nutrients or the generation of growth
inhibitors, such as furan derivatives and polyphenols*.
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Figure 7. Reducing sugar concentration in each pretreatment liquor and enzymatic hydrolysate. (*) Represents the maximum
concentration of the pretreatments (p <0.05). Pretreatments with the same letters do not present statistically significant di-
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Figure 8. Kinetics of sugar consumption is represented by the percentage of remaining reducing sugars in time, fermentation
of a) pretreatment liquors, and b) enzymatic hydrolysates. * Fermentation of the enzymatic hydrolysis was not carried out for
the acid pretreatment biomass due to negligible initial sugar concentrations.

Bioethanol production

Bioethanol production was assessed in two different
ways, as shown in Figure 9. Productivity (Fig. 9a) would give an
insight into the potential large-scale applications of the propo-
sed process since it indicates how much ethanol can be produ-
ced from a known amount of biomass, while yield (Fig. 9b) is
used as a measure of how efficiently the yeast is metabolizing

sugars for ethanol production. There were no statistical diffe-
rences between productivity for all pretreatment liquors, with
values around 28 g of ethanol per kg of untreated hiomass,
even though initial sugar concentrations were different (Figure
7). After enzymatic hydrolysis, as expected, given the low su-
gar yields, productivity decreased; in this case, autohydrolysis
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Figure 9. Bioethanol production levels reported as a) Productivity and b) yield of pretreatment liquors fermentation and enzy-
matic hydrolysates. * Enzymatic hydrolysis fermentation was not carried out for the acid pretreatment due to negligible initial
sugar concentrations. Pretreatments with the same letters do not present significant differences.

resulted in the most massive productivity of (20.81+0.14) g
EtOH/kg Biomass. Nevertheless, despite having lower produc-
tivity, enzymatic hydrolysates displayed higher yield, where,
again, the autohydrolysis was the most efficient, as it was also
among the pretreatment liquors. For the latter, there were no
differences between the liquors resulting from the acid and
alkaline pretreatments.

Productivities and efficiencies obtained in this work were
low in comparison to previous studies with other biomasses**3,
This was expected, particularly for liquors from the acid and
autohydrolysis pretreatments, given their low sugar concen-
trations. However, the fact that alkaline liquors had the same
productivity, with sugar concentrations 3-fold from the other
pretreatments, may be a sign of inhibition for ethanol produc-
tion“., This is corroborated by the yield, which indicates that
only up to 18% (autohydrolysis) of the available sugar is con-
verted into ethanol. After enzymatic hydrolysis, this effect is
improved, but many sugars are still not converted into ethanol.

Interestingly, these sugars are consumed. It is possible
that the yeast strain used in the study was not the most appro-
priate one. Yeast selection is essential as cells are subjected
to different stresses resulting from biomass pre-processing.
Thus, screening should be conducted to select a yeast with
higher short-term productivity.

|
Conclusions

The present study was a comprehensive first approxima-
tion for valorizing relevant lignocellulosic biomass in Ecuador,
cocoa pod shell. Generating reducing sugars from these resi-
dues could be useful not only for bioethanol production but for
other metabolites of interest, such as organic acids and lipids,
among others. To achieve this goal, we have proposed using
traditional pretreatment methods to understand this biomass
behavior and its potential for further studies. Relatively mild
pretreatments, including autohydrolysis and dilute acids and
bases, significantly affect biomass composition and properties,
particularly reducing lignin content significantly in alkaline
conditions. However, this reduction might not be sufficient for
cellulase hydrolysis under the studied conditions, and strong
indications of enzymatic and bioethanol production inhibition
were observed for the alkaline and acid pretreatments. Auto-
hydrolysis appeared to have the lesser inhibition effects, and
optimizing these pretreatment conditions could be beneficial
for industrial applications as it would have a limited environ-
mental impact. These results are promising for cocoa pod she-
(L valorization, and further investigation is worth exploring.
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Resumen: Se realizd un estudio con el objetivo de evaluar la calidad del aire usando liquenes como bioindicadores de
contaminacion atmosfeérica. ELl estudio se realizd en el municipio de Rionegro, Colombia, a una altura de 2130 msnm, en 19
localidades agrupadas en 7 grandes zonas, que representan dreas urbanas con actividades generadoras de contaminacion del
aire y dreas sub-urbanas con pocas o ninguna fuente de contaminacién. Para el drea de estudio se calculd el indice de pureza
atmosférica (IPA), el cual fue obtenido en funcién del niumero de especies de liquenes encontrados y de su frecuencia en la
localidad monitoreada con esta informacion se realizéd un mapa bidimensional de zonas de isocontaminacion. La identificacién
taxondmica de los liquenes se realizd mediante comparacion con especimenes de herbario y cortes histolégicos. En total fueron
encontrados 354 liquenes agrupados en 25 familias, 53 géneros y 126 especies. Las familias de liqguenes mejor representadas
con base al muestreo realizado fueron: Parmeliaceae, Physciaceae y Graphidaceae; asimismo, fueron encontrados 95 forofitos
agrupados en 36 especies, 31 géneros y 21 familias. Se evidencid para las zonas con mayor contaminacién, el habito de
crecimiento de los liquenes era costroso y folioso y para las de menor contaminacidn, era fruticoso. Los resultados del presente
analisis de biosensores son congruentes con los obtenidos en la medicién con equipos convencionales, por lo cual este método
representa una fuente eficaz y econémica para evaluar los niveles de contaminacién en centros urbanos.

Palabras clave: Liguenes, Biosensores, Contaminacion atmosférica, Indice de Pureza Atmosférica IPA.

Abstract: A study was carried out with the objective of evaluating air quality using lichens as bicindicators of atmaospheric pollution. The
study was carried out in the municipality of Rionegro, Colombia, at an altitude of 2,130 meters above sea level, in 19 localities grouped
into 7 large areas, representing urban areas with activities that generate air pollution and sub-urban areas with few or no sources of
air pollution. In the study area, the atmospheric purity index (IPA) was calculated, which was obtained based on the number of lichen
species found and their frequency in the monitored location with this information, a two-dimensional map of ice-contamination zones
were made. The taxonomic identification of the lichens was carried out by comparison with herbarium specimens and histological
sections. In total, 354 lichens were found grouped into 25 families, 53 genera and 126 species. The best represented families of lichens
based on the sampling carried out were: Parmeliaceae, Physciaceae and Graphidaceae; Likewise, 95 profits were found grouped into 36
species, 31 genera and 21 families. It was evidence that the areas with greater contamination, the growth habit of lichens was crusty
and folious and for those with less contamination, it was fruticose. The results of the present analysis of biosensors are consistent
with those obtained in the measurement with conventional equipment, therefore this method represents an efficient and economical
source to evaluate the levels of contamination in urban centers.

Key words: Lichens, biosensors, air pollution, Index of Atmospheric Purity IAP.

|
Introduccion

La contaminacién del aire urbano genera problemas de
salud publica, dafio a ecosistemas naturales, asi como, afecta-
ciones al mobiliario urbano existente. Esta situacion es uno de
los mayores desafios que enfrentan actualmente los grandes
centros urbanos. Estudios realizados en Colombia han demos-
trado que en los ultimos afios la mayor contaminacion del aire
se presenta en el Area Metropolitana del Valle de Aburra, te-
niendo en cuenta el crecimiento desenfrenado y desordenado
dado en la Ultima década’. En el afio 2016 el Sistema de Alerta
Temprana de Medellin y el Valle de Aburra (SIATA), declara
histéricamente la alerta naranja en el drea Metropolitana de-
bido a la elevada acumulacién de particulas contaminantes
PM,. en la atmosfera, lo cual inicia una serie de estrategias
para mitigar este fenémeno y deja en entre dicho la planifica-
cién y el control de emisiones contaminantes?® EL monitoreo

de la contaminacién del aire cada vez es mas necesario, sin
embargo, implica un gran esfuerzo econdmico y logistico, el
cual muchos municipios y areas en vias de desarrollo no pue-
den costear.

Seguin el IDEAM® en Colombia se contaba con 26 sistemas
de vigilancia de la calidad del aire, los cuales sumaron 204
estaciones de monitoreo principalmente de contaminantes
criterio. La cobertura espacial de estos sistemas de vigilancia
abarco 91 regiones entre ciudades y centros poblados. La eva-
luacion de los contaminantes criterio se ha venido realizando
mediante la implementacion de métodos estandarizados que
incluyen sensores manuales, automaticos y semiautomaticos,
e incluso la mezcla de varios de estos.

Rionegro es uno de los municipios con mayor crecimiento
en el pais, donde diferentes aspectos como su calidad de vida
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y cercania estratégica a Medellin han influido en una constante
migracion de residentes y empresas, las cuales han influido di-
rectamente en el deterioro de las condiciones del aire. A estos
factores se suma la fundacidn en el afio 1985 del Aeropuerto
José Marfa Cérdova, el segundo mas importante del pais con
una capacidad de 205.000 operaciones al afio y que actual-
mente se estd ampliando*. Estos fendmenos han llevado a la
implementacion de medidas que nunca antes se habian toma-
do por parte de la administracion municipal, como la imple-
mentacion del dia sin carro y diferentes campafas que buscan
disminuir el flujo vehicular. A pesar de esta problematica el
municipio no cuenta con un sistema de alerta y monitoreo que
permita un adecuado y constante control de la calidad del aire.

El cambio climético y la contaminacion atmosférica son
las principales amenazas para el mantenimiento de la salud
ambiental y de las zonas ecoldgicas estratégicas, es por esto
que se hace necesario una forma eficaz y de bajo costo que
mida los efectos de esas amenazas. Los liquenes constituyen
un sensor natural o bioindicador que puede ser utilizado en la
vigilancia de la salud ambiental a largo plazo como la respues-
ta a la contaminacion atmosférica®®.

La estimacion de la calidad del aire local a partir de con-
centraciones elementales en liqguenes o musgos que crecen de
forma natural in situ es una técnica clasica’® con amplio uso
actual para completar el costoso monitoreo de instrumentos®.
Un indicador es un medio del que dispone el hombre para ob-
servar con sus sentidos en un tiempo breve un fenémeno que
escapa a su percepcion normal'®. Una primera aproximacion a
laidea de lo que es un bioindicador puede encontrarse en la ob-
servacion del comportamiento de algunas plantas y animales
ante ciertos cambios atmosféricos!.

Entre los mas comunes bioindicadores reportados mun-
dialmente ya sea por su sensibilidad a los contaminantes o por
su resistencia a la acumulacion de los mismos se encuentran
los liquenes. Los liquenes son una asociacién simbidtica entre
un hongo y uno o mas organismos autétrofos fotosintéticos,
que puede ser un alga verde o una cianobacteria®?. Estos orga-
nismos se conocen por su sensibilidad a la contaminacion del
aire y especialmente por la estrecha relacién entre nimero,
abundancia y diversidad de especies con respecto a la pre-
sencia de diferentes contaminantes atmosféricos'®. Estudios
mas detallados como los de Amman et al.*, muestran que los
liguenes pueden ser utilizados como biomonitores de contami-
nacion si se dispone de adecuada informacion sobre diferen-
tes sustancias transportadas en el aire durante periodos de
tiempo constantes, manteniendo esa idea, Alzate®® sostiene
gue la implementacion de liquenes como biosensores, se con-
vierte en una estrategia asequible y puede responder diferen-
tes preguntas sobre la calidad del aire. Desde 1970 LeBlanc y
De Sloover'® propusieron una metodologia para el diagndstico
de la calidad del aire usando liquenes como biocindicadores y
calculando un fndice llamado Indice de Pureza Atmosférica
(IPA), el cual es un numero relacionado directamente con la
riqueza de la vegetacion, entonces, la vegetacion de epifitas
estd relacionada con la calidad del aire; indicador que ha sido
ampliamente utilizado en otros estudios como los propuestos
por Udeni et al.*’, Agnan et al.*®, Troy et al.*® y Lijteroff et al.?°.

En Colombia, diferentes estudios realizados con bioindi-
cadores se centran en la calidad del agua con especies indi-
cadoras de macro-invertebrados y peces?, sin embargo, tam-
bién se registran estudios con liqguenes como bioindicadores
de contaminacion atmosférica en algunos departamentos del
pais como Boyacd, Antioquia y Cundinamarca??%% Para el de-
partamento de Antioquia los trabajos con liquenes se registran
solo para valle de Aburra y su drea Metropolitana??. En el

municipio de Rionegro actualmente no se conoce ningun tra-
bajo publicado al respecto que pueda servir como herramienta
para las corporaciones ambientales regionales. Quiza los Uni-
cos acercamientos para medir la calidad del aire se han basa-
do en monitoreos de las emisiones generadas por fuentes fijas.

En este trabajo se busca delimitar zonas de isocontamina-
cién en el municipio de Rionegro. Para esto se utilizaron varia-
bles como la abundancia y distribucion de biosensores liqué-
nicos. Asimismo, se propone el primer listado ilustrado de la
liguenoflora presente en las zonas urbanas y rurales del drea
de estudio.

|
Materiales y métodos

Area de estudio

Rionegro se encuentra ubicado en la cordillera central de
los andes colombianos, a una altura de 2130m sobre el nivel
del mar y dentro del valle llamado San Nicolas. Rionegro tiene
una extensidn de aproximadamente 200 km?, un clima frio con
una precipitacion promedio anual de 2160 mm y una tempe-
ratura media anual de 17°C%. Fueron seleccionadas diferen-
tes zonas del municipio de Rionegro teniendo en cuenta una
presencia representativa de actividad industrial, asi como alto
trénsito vehicular; adicionalmente, se escogié una zona donde
la presencia de estas actividades fuera escaza para utilizar-
la como é&rea de referencia. Para dicho propdsito, se tomaron
muestras en un area de reserva forestal ubicada en la misma
zona de vida del municipio Rionegro y cercano a este, en el
municipio de ELl Carmen de Viboral (Figura 1).

Seleccion de los forofitos para el monitoreo

Se realizd una inspeccion previa en las zonas seleccionadas
con el fin de determinar los niveles de cobertura vegetal y selec-
cionar las especies de foréfitos (sustratos para las comunidades de
liquenes). Para el muestreo se siguieron las propuestas realizadas
por Garcfa y Rubiano?, quienes sugieren incluir individuos adultos
y sanos, con un minimo de 50cm de perimetro. Se excluyeron del
andlisis los arboles inclinados, en estado fitosanitario deficiente,
pintados o de corteza lisa. Se seleccionaron 5 especies de fordfitos
por localidad, para un total de 95 arboles muestreados.

Muestreo de los liquenes

Para el muestreo de liquenes se utilizé la metodologia pro-
puesta por Amman et al'%, con las modificaciones realizadas
por Nimis et al.?8, quienes sugieren la utilizacion de una red de
muestreo de 30 x 50 cm, compuesta por 10 cuadrantes de 10 x
15 cm cada uno. Dicha red se situd sobre la zona del tronco con
mayor densidad liquénica, a una altura no inferior a 120 cm del
sueloy posteriormente se registrd la frecuencia de cada especie
en la red de muestreo, minimo 1 y maximo 10 cuadrantes.

Delimitacion de zonas de isocontaminacion

Para el célculo del indice de pureza atmosférica (IPA) de
cada estacion se sumaron las frecuencias de todas las especies
presentes en la red de muestreo y se dividid entre el nimero
de forofitos muestreados en dicha estacion segun la ecuacion 1,
propuesta por LeBlanc y De Sloover*® y modificada por Rubiano
y Chaparro?, de acuerdo a la ecuacion 1.

_ Q; *fi*C;
= Xi-tn~

IPA; (1)
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Figura 1. Zonas seleccionadas para muestreo de liquenes en los municipios Rionegro y EL Carmen de Viboral

Donde IPA es el indice de Pureza Atmosférica para cada
zona j, n es el numero de unidades muestreadas para cada
zona j, Q es el factor medio de resistencia en funcion de la ri-
queza del género o especie i encontrada (grado de sensibili-
dad), f es la frecuencia de cada especie i (nUmero de forofitos
de la especie i en la zona j) y C en la cobertura relativa del
liguen de la especie i en la zona j.

Posteriormente se realizé la marcacion de poligonos so-
bre el mapa del municipio, donde se agruparon las localida-
des con similitud en la influencia de contaminantes, teniendo
como referencia las zonas de muestreo. La tabla 1 presenta
los rangos IPA y su correspondiente clasificacion de la calidad
del aire. Para la identificacion de las zonas de isocontamina-
cion, se definieron valores del IPA desde 36 a 79,4 de acuerdo
a lo propuesto por Fernandez et al.?®. La representacion carto-
gréfica se realizd en el programa ArcGis versién 10.4, donde
se ubicaron las localidades de muestreo georreferenciadas, a
partir de las cuales se generaron los poligonos de &reas de
isocontaminacion mediante la interpolacién IDW (Inverse Dis-
tance Weighting por su sigla en inglés), segun la ecuacion 2.

Z(So) = Xiladi +Z(S)) (2

En el cual Z(S) es el valor a predecir, N es el nimero
de muestras alrededor del punto a predecir, A son los pesos
asignados a cada punto vecino y Z(S) son los valores medidos.

Identificacion taxondmica

La identificacion taxondmica se realizé utilizando la meto-
dologia propuesta por Goward®, donde expone los siguientes
pasos para la identificacion del liquen: a) comparacién con es-
pecimenes de herbario previamente identificados y b) cortes
histolégicos a mano alzada o micrétomo de congelacion para
conocer la forma y tamafio de las esporas, grosor del himenio
en los apotecios, espesor de los estratos talinos (corteza supe-
rior e inferior, estrato del fitobionte, estrato medular).

|
Resultados y discusidn

Se realizé el monitoreo en 19 localidades distribuidas en
el municipio de Rionegro y una de ellas en el municipio de EL
Carmen de Viboral y como se menciond anteriormente fue uti-
lizada como zona de referencia, debido a la baja contaminacion
del area en la reserva forestal. Las especies de forofitos sobre
los cuales se trabajo se pueden observar en la tabla 2.

Composicion floristica

Se registraron y evaluaron un total de 95 forofitos agrupa-
dos en 36 especies, 31 géneros y 21 familias. Las familias mejor
representadas con base en el muestreo realizado fueron: Eu-
phorbiaceae, Bignoniaceae y Arecaceae. Entre los géneros mas
abundantes se destacan Croton con 12 individuos, Acacia con 9
individuos y Archontophoenix con 8 individuos. La especie mas

Tabla 1. Clases liguénicas, calidad del aire y equivalwncia con diferentes intervalos del IPA. Adaptado de Fernandez et al.”®.
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Tabla 2. Especies de foro-
fitos seleccionados para el
muestreo de liquenes.
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representativa en las estaciones de monitoreo fue Croton mag-
dalenensis MULL. Arg presenténdose en 8 de las 19 localidades,
seguido por Archontophoenix cunninghamiana H. WendLl. & Dru-
de y Erythrina edulis Triana ex Micheli presentes en 5 de las 19
localidades cada una. El habito de crecimiento de las especies
encontradas corresponde en su totalidad a arbdreo.

Composicion liquénica
Se registraron un total de 354 individuos agrupados en

Figura 2. Composicidn liquénica por familias.

Figura 3. Composicion liquénica por géneros.

Figura 4. Composicion liguénica por habitos de crecimiento.

25 familias, 53 géneros y 126 especies. Las familias mejor
representadas con base al muestreo realizado fueron: Par-
meliaceae, Physciaceae y Graphidaceae (Figura 2). Entre los
géneros mas abundantes se destacan Parmotrema con 13 es-
pecies, Usnea con 11 y Graphis con 6 especies (Figura 3). Res-
pecto a los habitos de crecimiento, se encontrd que los mds
abundantes eran folioso con 46 especies y crustaceo con 41,
seguido de fruticuloso con 19 (Figura 4).
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Zonas de isocontaminacion

De acuerdo a las caracteristicas de los puntos de toma
de muestra, fueron definidas 7 zonas de isocontaminacion que
son presentadas en la tabla 3, en cada una de las zonas defini-
das se observan las localidades con su respectivo intervalo del
IPA 'y clasificacion de la calidad del aire.

La autoridad ambiental en la region es la Corporacion
Auténoma Regional de la Cuencas de los rios Negro y Nare
— CORNARE, como parte de su misidn esta velar por la pro-
teccion de los recursos naturales en su jurisdiccion y en ese
sentido, realizan periddicamente el monitoreo de la calidad
del aire en la regidn; una de las estaciones con informacion
de calidad del aire obtenida con equipos convencionales y que
coincide con uno de los sitios utilizados en este estudio, esta
ubicada en la Universidad Catdlica de Oriente. Los resultados
encontrados se muestran en la figura 5, segin Cornare®$23
arrojan que esta estacion y sus alrededores cuentan con una
buena calidad del aire; las concentraciones de contaminantes
que se han medido continuamente los Ultimos afios como PM, g
y PM, , asi también otros esporadicos como CO, O,, SO, y NO,,
han presentado también concentraciones por debajo de los li-
mites establecidos en la norma colombiana de calidad del aire,
resolucion 2254 de 2017% vy el equivalente indice de Calidad

del Aire —ICA, ha presentado una calidad del aire en categoria
“buena”. Seguin Cornare® la Universidad Catdlica de Oriente se
encuentra ubicada en area urbana con presencia de edificacio-
nes, los resultados arrojados por el IPA en este estudio y el
ICA, calculado por la autoridad ambiental, fueron similares en
cuanto a la calidad del aire evaluada por dos métodos dife-
rentes.

Con base en la informacion obtenida en el estudio a través
de la cuantificacion del IPA, el cual ofrece un valor numérico
del nivel de contaminacién atmosférica en funcién del nimero
de especies de liquenes encontrados y de su frecuencia en el
area muestreada, se realizd el mapa bidimensional de zonas
de isocontaminacién. Este mapa incluyd cada una de las loca-
lidades monitoreadas y sus respectivos valores del IPA (Figura
6).

La mayor parte de las localidades muestreadas se carac-
terizaron por presentar liqguenes con formas de crecimiento
folioso y costroso como el género Parmotrema (comudn en
zonas urbanas donde la contaminacién por chimeneas es ma-
yor), las cuales pueden soportar concentraciones mas altas de
contaminantes en la atmdsfera?®?®. Asimismo, con la disminu-
cién en el flujo vehicular y la actividad industrial en algunas
de las localidades, el indice de pureza atmosférica fue mayor,

Tabla 3. Intervalos de isocontaminacidn con respecto a la calidad del aire.

Figura 5. Concentracion media anual de PM10 en la estacion UCO medida por la autoridad ambiental Cornare. Adaptado de Cornare®.
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encontrandose individuos con habitos de crecimiento frutico-
so como los géneros Usnea y Ramalina, los cuales requieren
niveles mas bajos de contaminacién para poder desarrollarse
correctamente®.

En las localidades con mayor contaminacién, las pobla-
ciones de liqguenes mostraban dafos morfoldgicos evidentes
como cambio en la coloracion, disminucién de la cobertura,
asi como abundancia y diversidad (Figuras 7 y 8). Este cambio
morfoldgico se debe principalmente a que los liquenes absor-
ben y acumulan diversas sustancias presentes en el ambiente,
la acumulacién de estas sustancias y su imposibilidad de ex-
cretarlas retarda su crecimiento, dificulta su reproduccién y
puede provocarles en la mayoria de ocasiones la muerte?®,

Las zonas monitoreadas donde la calidad de aire oscilo
entre muy baja a baja - moderada, se caracterizaron por pre-
sentar una alta influencia de industrias y un denso transito
vehicular, asf como actividades mineras en algunas de ellas,
ademas de esto se observé poca cobertura boscosa y gran-
des proyectos urbanisticos, a medida que la calidad del aire
aumentaba se podia apreciar la disminucién en cuanto a la in-
fluencia de industrias, ademas del aumento en la cobertura
boscosa. La mayorfa de las zonas monitoreadas presentaron
calidad del aire de muy baja a baja — moderada, sin embargo,
se debe tener en cuenta que son sitios donde la dispersién de
los contaminantes se dificulta debido a las edificaciones.

Figura 6. Mapa de isocontaminacion de las zonas muestreadas (IPA).

Figura 7. Cambios en la coloracién de liquenes debidos a efectos contaminantes presentes en la atmadsfera.
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Figure 8. Disminucion de la cobertura, abundancia y diversidad liquénica. A. Fordfito muestreado en la reserva forestal en el
municipio de EL Carmen de Viboral. B. Foréfito muestreado en la localidad vereda Abreo.

|
Conclusiones

La contaminacion de la atmdsfera afecta a muchas comu-
nidades, especialmente a las que viven en lugares industriali-
zados y con un denso transito vehicular, es por esta razén que
es de vital importancia realizar estudios de andlisis de calidad
del aire, con el fin que las personas con mayor vulnerabilidad
no se vean afectadas y realizar vigilancia y control a las emi-
siones de contaminantes arrojados a la atmdsfera para que se
puedan reducir las inmisiones de los mismos.

Es de vital importancia generar alternativas para el estu-
dio de la calidad del aire en una regién que sean de fécil acceso
y bajo costo. Con base en los resultados obtenidos en el pre-
sente estudio es factible considerar a los liqguenes como una
excelente herramienta para tal propdsito, pues se comprobd
su sensibilidad al efecto negativo de contaminantes presen-
tes en la atmosfera en cuanto a su abundancia, diversidad y
frecuencia, ademds de que pueden ser encontrados en gran
diversidad de ambientes lo que facilita su uso.

El uso de liguenes permite evaluar constantemente la ca-
lidad del aire en una localidad, diferente a un equipo de medi-
cion que Lo hace de forma periddica; es por esto que una de las
mayores potencialidades de estos organismos es que actian
como monitores continuos en el tiempo.

Con la metodologia aplicada se lograron delimitar 7 zonas
de isocontaminacion en las que se dividieron las 19 localidades
monitoreadas. Las zonas con menor calidad del aire corres-
pondieron a las localidades con mayor influencia vehicular e
industrial, las mismas fueron las de menor abundancia, diver-
sidad y frecuencia liquénica. Asimismo, en las localidades que
presentaron mayores indices de contaminacion, se evidencio
que el habito de crecimiento de las especies de liquenes era
costroso y folioso; y cuando el indice de pureza atmosférica
aumentod se encontraron especies con habito de crecimiento
fruticoso.

Mediante el analisis de composicion liquénica se pudieron
definir dreas en las que debe priorizar la aplicacion de estrate-
gias de control para el mejoramiento de la calidad del aire con
la reduccion de emisiones por fuentes fijas y maviles que son
las principales causantes de su deterioro.
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Optimization of the micropropagation of elite adult trees of Sequoia sempervirens.
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Abstract: Forest trees are renewable sources of timber and other valuable non-timber products. Nowadays, the increase in
population and demand for forestry products results in overexploitation of forestry. Therefore, there is an urgent need to produce
elite plants with higher productivity under stress derived from climate change to have available to afforestation. For this reason,
propagation methods should be improved to be more efficient in terms of quality and productivity. The main species planted in
the Basque Country is Pinus radiata; during the last three years, Pinus radiata plantations have suffered a fungus attack affecting
mainly needles until the tree's death. This crisis is caused by the combined action of two fungi of the genus Dothistroma and
Lecanosticta acicola, whose expansion seems to have been enhanced by weather-related factors, such as humid and hot summers.
Although we have evidence of this disease's presence in our mountains since 1942, the disease has had a speedy expansion with
an aggressive effect for reasons that are not scientifically known today. For the above, Basque Country forestry sector is looking
for alternative species to be used in its plantations. Part of the forestry sector considers that Sequoia sempervirens could be a
good choice for plantations. Besides, its high-quality wood and its tolerance to the attack of several pathogens and other diseases
derived from climate change are characteristics that could confer some advantage over other forest species. The main goal of
this study was to optimize the micropropagation of adult elite trees of Sequoia sempervirens. The effect of 6-benzylaminopurine,
meta-Topolin and Kinetin, and 4 types of explant in the multiplication stage were analyzed to carry out this objective. Furthermore,
the effect of two types of auxins: 1-naphthalene acetic acid, indole-3-butyric acid, and a mixture of both, were evaluated on the
induction of roots and their subsequent effect on the acclimatization process. The best multiplication index was obtained when
4.4 uM B-benzylaminopurine and apical explants longer than 1.5 cm of length were used. The root induction percentage was
75% in the most responsive genotype analyzed when 4.4 uM 6-benzylaminopurine was used on the induction stage, and 50 pM of
1-naphthalene acetic acid was used for rooting. Finally, after 3 months in the greenhouse, the explants cultured with Kinetin and
rooted in a culture medium with indole-3-butyric acid showed the highest acclimatization success (94%).

Key words: Acclimatization, auxins, cytokinins, multiplication index, organogenesis, rooting, shoot induction.

|
Introduction

The Coast redwood or California redwood Sequoia sem-
pervirens (D. Don.) EndLl. (Taxodiaceae) is a valuable forest spe-
cies and occurs naturally in Western North America, especially
in Californial? This species is the tallest tree on earth with a
high volume of standing biomass, in some stands exceeding
3500 metric tons/hectare?.

This conifer has been introduced and domesticated in
European countries such as Romania, Spain, France, Great
Britain, Russia, and Turkey, and it can be used for reforesting
due to the quality of its wood and for ornamental purposes. In
Spain, this species has been used by foresters for its producti-
vity, its tolerance to the attack of several pathogens and other
diseases. Moreover, its reforestation is recommended on valley
bottoms and fotthills*,

Nowadays, redwood shows seed reproduction difficulties,
displaying low germination and rooting rates, dormancy of the
shoot, and low seedling viability®8. Therefore, biotechnological
in vitro techniques of plant tissue culture as micropropagation,
organogenesis, adventitious or axillary shoot/bud regenera-
tion, shoot tip culture, micrografting, and somatic embryoge-
nesis emerged as useful tools for the propagation and conser-
vation of germoplasm?8®,

There are few investigations on micropropagation in the
specific case of Sequoia sempervirens, either through organo-
genesis or somatic embryogenesis. Arnaud et al.!° developed a
protocol for micropropagation and rejuvenation of the species

using direct organogenesis and somatic embryogenesis. Years
later, Mihaljevi¢ et al.* investigated the root formation in micro-
propagated shoots of Sequoia sempervirens using Agrobacte-
rium. In the 21° century, Korban and Soul** developed a proce-
dure for the micropropagation of juvenile and adult material,
and Lui et al.*? worked on the shoot regeneration and somatic
embryogenesis from needles of redwood. The medium-term
conservation of Sequoia sempervirens was investigated by
Ozudogru et al®, and Meneguzzi et al.? evaluated shoot mul-
tiplication of two Sequoia sempervirens genotypes with the
addition of Kinetin.

Considering all the information mentioned above, our
study's objective was to optimize the micropropagation pro-
cess of elite selected adult trees of Sequoia sempervirens. We
focused on improving 1) the multiplication phase using diffe-
rent types of explants and cytokinins, 2) the rooting using diffe-
rent auxins, and the subsequent acclimatization phase under
ex vitro conditions.

|
Materials and methods

Plant material

Stem sections were collected from the basal parts of three
different mother trees (7, 11 and 12) of Sequoia sempervirens
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located in Ataun, Gipuzkoa, Basque Country (Spain), at the geo-
graphic coordinates: 42° 58" 41" N and 2° 10" 53" O.

Shoot induction

In vitro micro shoots growing in half-strength ARN me-
dium (Arnaud et al.'°) were selected to carry out the experi-
ments. Four types of explants were used: A) apical explants of
1.5 cm in length (AG), B) apical explants of 1.0 cm length (AP),
C) basal explants of 1.5 cm length (BG), and D) basal explants
of 1.0 cm in length (BP). Explants were cultured in glass jars
(Merck) with 25 mL of ARN multiplication medium supple-
mented with 3% sucrose and 8 gL Difco Agar®. The effect of
different cytokinins for the induction of shoots was evaluated:
A) 6-benzylaminopurine (BAP), B) meta-Topolin (m-T), and D)
kinetin (K) at a concentration of 4.4 uM. The pH of the medium
was adjusted to 5.8 befare autoclaving (121°C, 20 min). The ex-
plants were cultivated in the different induction media for four
weeks in the growth chamber at a temperature of 21 + 1°C,
under 16-h photoperiod with 120 pmol m s of light intensity
cool white fluorescent tubes (TLD 58 W/33; Philips, France).

Shoot elongation

The explants induced in the multiplication phase were cul-
tivated for six weeks in shoot elongation medium. This medium
was half strength ARN (Arnaud et al.*®) supplemented with 2
gLt activated charcoal and solidified with 9 gL* Difco Agar®.
The pH of the medium was adjusted to 5.8 before autoclaving
(121°C, 20 min).

Root induction and acclimatization of plants

After the elongation phase, stems with at least 2.5 cm in
length were used for root induction. Traceability of the explant
was maintained according to its origin (genotype and cytokinin
treatment used along the shoot induction stage). Subsequently,
the stems were grown in root inducing medium (RIM), which
consisted of 1/3 strength ARN basal medium supplemented
with three different auxin treatments: A) 50 uM 1-naphthalene
acetic acid (NAA), B) 50 uM indole-3-butyric acid (IBA), and C) a
mixture of 40 uM NAA uM + 10 uM IBA. All the different media
were solidified with 9 gL Difco Agar®. The culture medium's
pH was adjusted to 5.8 before autoclaving (121°C, 20 min).

The stems were placed in the dark at 21 + 1°C for 8 days.
After this period, the stems were cultured in the root expres-
sion medium (REM), which consisted of 1/3 strength ARN ba-
sal medium (Arnaud et al.') without plant growth regulators
and solidified with 9 gL Difco agar®. The pH of the medium
was adjusted to 5.8 before autoclaving (121°C, 20 min). The
cultures were placed in the growth chamber at a tempera-
ture of 21 + 1°C, under 16-h photoperiod at 120 pmol m?2s™.
After six weeks of culture in REM medium, explants with vi-
sible roots were transferred to wet peat: vermiculite mixture
(2:1, v/v) and acclimatized in the greenhouse under controlled
conditions at 21 + 1°C and decreasing humidity progressively
along one month from 95 to 80%.

Data collection and statistical analysis

To assess the genotype's effect on each of the variables of
this study, an analysis of variance was performed (ANOVA), fo-
llowed by a Tukey's post hoc test (a=0.05). The genotype had a
significant effect on all variables studied. For this reason and to
obtain robust conclusions, the genotype factor was introduced
into all the models as a block variable to reduce variability and
analyze the effect of the other variable factors (the type of ex-
plant, cytokinin treatment, and auxin treatment) more accurately.

The shoot induction and the number of shoots per explant
were recorded after six weeks. The experiment used a comple-
tely randomized design with 25 explants per treatment. Logis-
tic regression was performed to assess the effect of the type
of explant and the cytokinin treatment on the shoot induction
percentage, followed by a Tukey's post hoc test (a=0.05) for
multiple comparisons. The number of shoots per explant va-
riable did not fulfill homoscedasticity and normality assump-
tions for ANOVA; then, a Kruskal-Wallis was performed.

The root induction percentage, the number of roots per ex-
plant, and the root length were recorded after six weeks in REM.
A completely randomized design was carried out using ten stems
per cytokinin treatment. As an exception, in genotype 7, four
stems were employed when K was used in the induction stage.

A logistic regression model was used to analyze the au-
xin and cytokinin treatment's effect on the root induction per-
centage. Tukey's post hoc test (a=0.05) was used for multiple
comparisons. The number of roots per explant variable did not
fulfill homocedasticity and normality assumptions for ANOVA,;
then, a Kruskal-Wallis was performed.

Data on the length of the longest root were square-root
transformed, and an ANOVA was performed; multiple compa-
risons were made using Tukey's post hoc test (a=0.05)

After twelve weeks under ex vitro conditions, the survival
percentage was calculated. The survival percentage variable
did not fulfill homocedasticity and normality assumptions for
ANOVA; then a Kruskal-Wallis was performed.

|
Results

Shoot induction

When the genotype effect on the shoot induction percen-
tage was evaluated, genotypes 12 and 11 showed significantly
higher percentages (98.98%) than genotype 7 (79%, Table 1).
As shown in Table 1, the number of shoots obtained in geno-
type 12 (5.04) was significantly higher than those obtained in
genotypes 11 and 7 (3.21 and 3.28, respectively).

The deviance analysis of the factors studied showed a sig-
nificant effect on both the shoot induction and the number of
shoots per explant developed from each explant and cytokinin
type.

There was a significant interaction between the explant
type and the cytokinin type (Table 2).

Genotype
Variable 7 11 12
Shoot induction (%) 79.00+ 0.03° | 98.98+0.01* | 98.98+0.01°
N° shoots /explant 3.28+0.12% | 3.21+0.07° 5.04+0.16 *

Table 1. Shoot induction (%) and number shoots per explant from Sequoia sempervirens elite adult trees cultured in ARN me-

dium (Arnaud et al.*?).

Data are presented as mean values + S.E. Different letters within a row indicate significant differences (p<0.05).
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Table 2. Analysis of deviance for shoot induction (%) and number shoots per explant from Sequoia sempervirens elite adult

trees cultured in ARN medium (Arnaud et al.'").

*Significant differences at p<0.05, "*Non-significant at p<0.05, df Degrees of freedom.

Significantly higher shoot induction percentages were ob-
tained in AP, BG and BP explants (between 91% and 94%) than
in AG explants (84%) (Table 3).

Table 3. Shoot induction (%) in different explant types from
Sequoia sempervirens elite adult trees cultured in ARN me-
dium (Arnaud et al.*°) (apical explants of 1.5 cm in height (AG),
apical explants of 1.0 cm height, C) basal explants of 1.5 cm
height (BG) and basal explants of 1.0 cm in height (BP).

Data are presented as mean values + S.E. Different letters in-
dicate significant differences (p<0.05).

When considering the effect of the cytokinin type on shoot
induction percentages, shoots induced with m-T showed signi-
ficantly higher induction percentages than shoots induced with
K. Shoots induced in the presence of BAP displayed interme-
diate values (92%) (Table 4).

Table 4. Shoot induction (%) in different cytokinin type from
Sequoia sempervirens elite adult trees cultured in ARN me-
dium (Arnaud et al.*°).

Data are presented as mean values + S.E. Different letters in-
dicate significant differences (p<0.05).

When evaluating the number of shoots per explant, a sig-
nificant interaction between explant type and cytokinin was
observed. The best results were obtained in AG, AP and BG
explants induced with m-T and in AG explants induced with
BAP (Figure 1). When BAP or m-T were used for induction, the
worst results were obtained in BP explants. The lowest res-
ponse was observed in treatment K, independently of the ex-
plant type.

Despite there were no statistically significant differences
between BG/m-T, AP/m-T, and AG/BAP, it is essential to men-
tion that the appearance of induced shoots was different [Fi-
gure 2 (A-C)]. The shoots induced in BAP and K were greener
and more vigorous (Figure 2 A) than the explants cultured in
m-T (2 B, C). These explants from m-T treatments were more
yellowish and less vigorous (Figure 2 B and C). Therefore, AG
explants cultured in the presence of BAP showed the best re-

sults for shoot induction.

Since AG explants showed the best appearance, a compa-
rative figure was done to describe the aspect of regenerated
shoots in cytokinins' presence (Figure 3). The most vigorous
shoots were observed in the presence of BAP and K (Figure 3
(A-C, G-H).

Root induction

A significantly higher root induction percentage was obtai-
ned in genotype 12 (93%) (Table 5). The lowest response was
genotype 7 (31%), and intermediate values were recorded for
genotype 11 (55%). Also, a significantly higher number of roots
per explant was observed in genotype 12 (4.73) than genotype
7 and 11 (Table 5).

On the contrary, significantly longer primary roots were
recorded for genotype 11 (3.73 cm, Figure 4A) and genotype 7
(2.95 cm, Figure 4B) than for genotype 12 (2.18 cm, Figure 4C).

The auxin type and cytokinin type used in the multipli-
cation stage showed a significant effect on the root induction
percentage. Further, the cytokinin type showed a significant
effect on the longest root's length (Table 6). Regarding the
number of roots per explant, no significant differences were
found for the variables tested.

As shown in Table 7, a significantly higher root induction
percentage was obtained in the treatment with NAA (70%)
than in treatments with IBA or IBA/NAA mixture. As mentio-
ned before, there was no effect of the auxin treatment on the
number of roots per explant (ranging from 2.98 to 3.94) or on
the length of the primary root (ranging from 2.23 to 3.09 cm)
(Table 7).

When evaluating the effect of the cytokinin type over root
induction percentage, significantly higher values were obtai-
ned from shoots induced in BAP treatment when compared
with those induced in m-T and K treatment (Table 8).

As aforementioned, no significant differences were found
for the number of roots per explant, independently of the shoot
induction treatment applied (ranging from 3.11 to 3.89) (Table 8).

The longest primary roots (3.32 cm) showed significant-
ly higher values when shoots were induced in BAP treatment
(Table 8).

Acclimatization of rooted microplants

The analysis of deviance for survival (%) of rooted shoots
propagated in vitro showed a significant effect of the auxin
type applied in the root induction stage and of the cytokinin
type applied in the shoot induction phase (Table 9).

When the effect of auxin type on the survival percenta-
ge of rooted shoots was analyzed, the presence of IBA in the
rooting medium provoked a significantly higher survival per-
centage (94%) than the mixture IBA/NAA and NAA treatments
(Table 10).
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Figure 1. Number of shoots per explant in different explant types from Sequoia sempervirens elite adult trees cultured in ARN
medium (Arnaud et al.'°) supplemented with different cytokinins (BAP, m-T, K), (apical explants of 1.5 cm in length (AG), apical
explants of 1.0 cm length (AP), basal explants of 1.5 cm length (BG) and basal explants of 1.0 cm in length (BP)). Data are
presented as mean values * S.E. Different letters indicate significant differences (p<0.05).

Figure 2. Shoot induction from Sequoia sempervirens elite adult trees cultured in ARN multiplication medium (Arnaud et al.*°)
cultured for 6 weeks: (A) apical explant > 1.5 cm of length (AG) of genotype 7 on ARN medium + 4.4 uM BAP, bar =3 mm; (B)
basal explant > 1.5 cm of length (BG) of genotype 7 on ARN medium + 4.4 uM m-T, bar = 5 mm; (C) apical explant < 1.5 cm of
length (AP) explant of genotype 7 on ARN medium + 4.4 pM m-T, bar = 3 mm.

Table 5. Root induction (%), number roots per explant, and the longest root from Sequoia sempervirens elite adult trees cul-
tured in ARN medium (Arnaud et al.'").
Data are presented as mean values + S.E. Different letters within a row indicate significant differences (p<0.05).
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Figure 3. Shoot induction from Sequoia semper-
virens elite adult trees cultured in ARN multipli-
cation medium (Arnaud et al'®) cultured for 6
weeks: (A) apical explant > 1.5 cm of length (AG)
of genotype 7 on ARN medium + 4.4 pM BAP, bar
=3 mm; (B) AG of genotype 11 on ARN medium
+ 4.4 UM BAP, bar = 3 mm; (C) AG explant of ge-
notype 12 on ARN medium + 4.4 uM BAP, bar =
3 mm; (D) AG explant of genotype 7 on ARN me-
dium + 4.4 uM m-T, bar = 3 mm; (E) AG explant >
1.5 of genotype 11 on ARN + 4.4 uM m-T, bar =5
mm; (F) AG explant of genotype 12 on ARN me-
dium + 4.4 uM m-T, bar =5 mm; (G) AG of genoty-
pe 7 on ARN medium + 4.4 uM K|, bar = 3 mm; (H)
AG explant of genotype 11 on ARN medium +4.4
UM K, bar =5 mm; (I) AG of genotype 12 on ARN
medium + 4.4 uM KIN, bar = 3 mm.

Table 6. Analysis of deviance for root induction (%), number roots per explant, and length of longest root from Sequoia semper-
virens elite adult trees cultured in ARN medium (Arnaud et al.’?).
*Significant differences at p<0.05, n.s Non-significant at p<0.05, df Degrees of freedom.

Auxin types
Variable IBA IBA/NAA NAA
Root induction per-cent 60.00+0.04° 57.00+0.04° 70.00+0.04*
N° roots /explant 2.98+0.25" 3.94+40.35%° 3.30+0.26"°
Lenght of longest root (¢cm) | 2.77+0.21*° 2.23+0. 17 3.09+0.25%¢

Table 7. Root induction (%), number of roots per explant and length of the longest root in Sequoia sempervirens elite adult trees
cultured in ARN medium (Arnaud et al.'°) supplemented with different auxin types (IBA, IBA/NAA or NAA).

Data are presented as mean values + S.E. Different letters within a row indicate significant differences (p<0.05)."¢ Non-signi-
ficant.
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Figure 4. Root induction from Sequoia sempervirens elite adult trees micro shoots cultivated in vitro for 6 weeks on root
expression medium (REM) (Arnaud et al.*): (A) explant of genotype 7 induced in root inducing medium (RIM) (Arnaud et al.'®)
+ 50 uM NAA (BAP applied in shoot induction stage ), bar = 2 cm (B) explant of genotype 11 induced in RIM medium + 50 yM
NAA (BAP applied in shoot induction stage ), bar = 2 cm; (C) explant of genotype 12 induced in RIM medium + 50 uM NAA (BAP
applied in shoot induction stage), bar =2 cm.

Cytokinin type applied in the root induction stage
Variable BAP m-T K
Root induction (%) 66.00+0.04* 58.00+0.04° 62.00+0.04°
N° roots /explant 3.11+0.24»* 3.89+0.33 3.16+0.29%¢
Lenght of longest root (cm) 3.32+0.222 2.3940.21° 2.48+0.24°

Table 8. Root induction (%), number roots per explant, and length of longest root in different cytokinin types from Sequoia
sempervirens elite adult trees cultured in ARN medium (Arnaud et al.*°).

Data are presented as mean values + S.E. Different letters within a row indicate significant differences (p<0.05).n.s Non-signi-
ficant.

Table 9. Analysis of deviance for survival (%) of rooted shoots propagated in vitro coming from Sequoia sempervirens elite adult
trees, after twelve weeks under ex vitro conditions.
*Significant differences at p<0.05, n.s Non-significant at p<0.05, df Degrees of freedom.

Auxin type
IBA IBA/NAA NAA
Survival % | 94.00+0.03* | 79.00+0.06" | 68.00+0.05°

Table 10. Ex Vitro survival (%) of in vitro rooted shoots from Sequoia sempervirens elite adult trees, shoots were rooted in ARN
medium (Arnaud et al.'°) supplemented with different auxins (IBA, IBA/NAA, or NAA).
Data are presented as mean values + S.E. Different letters indicate significant differences (p<0.05).
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Regarding the effect of the cytokinin applied in the shoot
induction stage as shown in Table 11, the shoots induced in K
treatment showed a significantly higher ex vitro survival per-
centage than those induced in BAP or m-T treatments.

At the end of the experiment, the micro propagated plants
from the three elite adult trees evaluated showed normal de-
velopment, profitable growth, and uniformity after 5 months
under ex vitro conditions in the greenhouse (Figure 5).

|
Discussion

The genotype is an endogenous factor that has a signifi-
cant role in regenerative potential in the overall repeatabili-
ty and reliahility of tissue culture protocol®®. In this study, the
shoot induction, the number of shoots per explant, the root
induction, and the number of roots per explant were affec-
ted by the explant's genotype. Our results are in concordance
with the results reported by Meneguzzi et al.?, who observed
different genotypes' responses in shoot multiplication of S.
sempervirens. Similarly, Sul and Korban'“ found differences
in shoot proliferation and shoot elongation of S. sempervirens.

The organogenesis processes are influenced by endoge-
nous and exogenous factors!#1516, There are different exoge-
nous factors as the components in the tissue culture medium
or the culture's environmental conditions. In this work, we ob-

served that the type of explant and chemical conditions in the
culture medium (cytokinin and auxin type) significantly affec-
ted shoot induction and rooting response.

During the evaluation of the shoot induction rate, the ex-
plants with the most extended length (AG, AP and BG) showed
the best induction rate, and the highest number of shoots per
explant were obtained. Similar results were found by Clapa et
al.*” and Meneguzzi*®, who developed an in vitro protocol for S.
sempervirens using shoot explants bigger than 1.5 cm in len-
gth. George'® reported that larger explants coming from more
extensive parts of shoot apex or stem segments bearing one
or more lateral buds could show advantages over smaller size
explants.

Several studies about tissue culture protocols have repor-
ted positive effects on shoot proliferation, shoot multiplication
rate, alleviating physiological disorders, better rooting, and
acclimatization when using topolins for shoot induction®®*, In
our study, the explants induced in the presence of m-T exhi-
bited the best results. In this sense, De Diego et al.?, obtai-
ned a high rate of organogenic response in adult buds of Pinus
sylvestris using m-T and suggested that it could be used as
an alternative cytokinin BAP in micropropagation. Likewise,
Bairu et al.* obtained outstanding multiplication rates in Aloe
polyphylla when used the same cytokinin. However, in the pre-
sent study, these explants from m-T treatments were more

Cytokinin type
BAP m-T K
Survival (%) | 80.00+0.05° 65.00+0.05° 94.00+0.03*

Table 11. Ex vitro survival (%) of in vitro rooted shoots from Sequoia sempervirens elite adult trees; shoots were propagated in
ARN medium (Arnaud et al.*®) supplemented with different cytokinins (BAP, m-T or K).
Data are presented as mean values * S.E. Different letters indicate significant differences by Tukey's post hoc test (p<0.05).

Figure 5. Plants of Sequoia sempervirens cultured in vitro after 5 months growing in ex vitro conditions in the greenhouse, bar = 4 cm.
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yellowish and less vigorous. In contrast, in Prunus rootstocks,
Pterocarpus marsupium, and Corylus colurna a positive effect
of m-T on the growth and quality of micro propagated shoots
was found?22324,

According to Sul and Korban'4, Meneguzzi et al.'é, Valverde
et al.?® and Montalbén et al.?® in forestry species, BAP stimu-
lated the axillary bud breakage and shoot elongation. In our
study, a similar result was obtained in the BAP treatment. It is
essential to mention that in the treatment with BAP the quali-
ty of the shoots formed (robustness and color) was superior to
those shoots generated in the presence of m-T. In conclusion,
in our study, BAP was the best cytokinin in shoot induction and
the number of shoots per explant. This is in accordance with
the results reported by Moncaleén et al.?’, Reanu et al.'5, Are-
mu et al.*®, and Bairu et al.?, confirming that BAP is the most
used cytokinin in micropropagation due to its effectiveness and
affordability. Regarding K treatment, in this work, we obtained
the worst results in agreement with those found in Barleria
greenii and Eucalyptus globulus?®?,

In this research, the NAA treatment showed the best re-
sultin root induction response. This agrees with the results re-
ported in Sequoia sempervirens, Pinus radiata, Pinus pinaster,
and other coniferous species®®3:323334 |t is essential to mention
that the rooting percentages obtained in the present studies
were higher than those recorded by Huang et al.*, who obtai-
ned about a 30% of rooting competence using adult stem sec-
tions of Sequoia sempervirens in the presence of IAA/K. The
number of roots per explant obtained in the IBA/NAA treat-
ment presented the highest values. In species such as Eucalyp-
tus sideroxylon, Rosa hybrida and Citrus aurantiflolia the best
root induction was obtained when using a mixture of IBA/NAA.
Nonetheless, this treatment did not lead to the highest values
in the number of roots per explant®®3"%, The highest value in
the longest root length was also obtained in NAA treatment,
being under the results obtained in Citrus aurantifolia®.

In our research, the induction stage's cytokinin type had
a significant effect on root induction. Bairu et al.?!, Werbrouck
et al®, and Aremu et al.*® found that m-T stimulated in vitro
rooting activity, but the m-T treatment presented the worst in
our work results. In this sense, Bairu et al.“> and Escalona et
al.** obtained negative carryover effects on rooting at too high
m-T levels, so the m-T concentration applied in our cultures
might have had a detrimental effect in the subsequent stages
of development.

Regarding the acclimatization stage, the highest survival
percentage was observed in plantlets rooted in IBA and develo-
ped in the presence of K. This result is in agreement with those
found in Eucalyptus globulus, where the low concentration of
IBA showed the best survival rates. In Arachis paraguariensis
cultured in polyethylene terephthalate glycol vessel where IBA
treatment was the best in survival*?4,

Aremu et al.*> explained that cytokinins generally have
inhibitory effects on rooting, resulting in low acclimatization
rates afterward. In this sense, the plants from m-T treatment
showed the lowest survival. In contrast, several studies have
shown that plantlets coming from m-T induction treatments
have been successfully acclimatized?4.

In conclusion, the role of auxins and cytokinins in the mi-
cropropagation of different types of explants and their rela-
tionship with the survival and acclimatization of seedlings in
ex vitro conditions was analyzed. Our study results demons-
trated that the apical explant® 1.5 cm length, and BAP showed
the best results in the shoot induction stage. Moreover, in vitro
shoots rooted with IBA, led toa higher ex vitro survival. Finally,
the results shown allow the development of forthcoming stu-

dies for large-scale propagation of this species in semi-solid
systems and bioreactors.

|
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Solanum betaceum in vitro seed germination and seedling development in
response to pregerminative treatments

K.S. Salazar-Vega?, I. Vacat DOI. 10.21931/RB/2021.06.01.12
Abstract: Germination and seedling development are critical stages in the life cycle of plants. Insufficient seedling emergence
and inadequate establishment of woody plants are significant constraints in producing crops such as tamarillo. The application
of pregerminative protocols improves the germination percentage, reduces the seedling emergence time, and improves several
species in vitro. The present study was conducted to contrast three pregerminative treatments on Solanum betaceum seeds. When

evaluating the pregerminative treatments, treatment T3 (imbibition for 24 hours) obtained the best results, showing an average of

|
Introduction

Solanum betaceum or tamarillo is a plant species from
the Andean territory. This species is mainly grown due to its
high nutritional value of edible fruits. Commercial production
of plants using micropropagation techniques has several ad-
vantages over traditional propagation methods; in addition to
being a rapid propagation process, it can lead to pathogen-free
plants' production.

Pregerminative treatments can be applied to seed ex-
plants before or after a disinfection protocol has been develo-
ped. The objective of pregerminative treatments is to improve
the germination rate while ensuring the successful develo-
pment of the seedlings, playing an essential role as the first
step in crop cultivation. The rigid structure of seed coats may
be the reason for seed dormancy depending on the species,
making it difficult to absorb water during germination; physi-
cal, mechanical, or chemical scarification treatments help re-
solve dormancy conditions in the seeds. The use of procedures
to end the tegument's dormancy causes a better response in
the time, and a higher percentage of germination, one of the
common strategies is to hydrate the seeds for 24 h at room
temperature.

The scarification procedure's efficiency depends on the
technician's skill and practice; if the scarification is too deep, it
may damage the embryonic axis, and if it is too shallow, it may
not be enough to overcome the mechanical barriers that block
seed germination.

Pregerminative treatments induced a particular physiolo-
gical state in the seeds and had become a promising strategy
to improve a plant's behavior in the field; there is great interest
for farmers and seed companies to find suitable affordable
pregerminative treatments, but also to precisely identify the

21.62 days to germination, 73% germinated seeds and 2.31 leaves per explant.

Key words: Tamarillo, imbibition, agriculture, biotechnology, plant tissue culture.

improved agronomic properties as a result of their application
in crops.

|
Methods

First, the seeds were soaked in 1.33% v/v iodine for 15 mi-
nutes, followed by 3 washes with sterile distilled water. Then
they were immersed in sodium hypochlorite at 1.5% v/v for 10
minutes, 5 washes were carried out with sterile distilled water.
The disinfection protocol was then performed in a laminar flow
cabinet, disinfected in advance with 70% alcohol, and exposed
to ultraviolet light for 15 min, adjacent to the instruments to
be handled. Basal medium MS (MS519) was prepared with a
50% salt concentration, enriched with 20 g/L of sucrose, 6 g/L
of Phyto Agar, and 50 ppm of citric acid. The medium's pH was
adjusted to 5.8, and it was sterilized by autoclaving at 121 ° C
for 15 minutes. The experimental unit was set as 2 x 15 cm
borosilicate glass screw cap culture tubes containing 15 mL
of culture medium; 2 seeds were placed per tube. The treat-
ments are described in table 1[NSV4].

|
Results and Discussion

Germination

Treatment T3 showed the lowest number of days to ger-
mination with an average of 21.62 days, besides it reached an
average of 73% germination, this response is attributed to the
hydration time for 24 hours (Figure 1); it is consistent with
several authors who report an increase in germination tanks

Table 1. Pregerminative treatments applied to Solanum betaceum seeds.
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Figure 1. Effects of pregerminative treatments on Solanum betaceum seeds in vitro. A. Days to germination B. Germination

percentage.

to pregerminative treatments that involved hydration of the
seeds'™. In previous articles, it is pointed out that during the
seed's imbibition, the meristematic activity is limited; howe-
ver, preparation for cell division already occurs*. Hydro priming
activates metabolic processes such as hydrolysis, the activa-
tion of enzymes, and the breaking of dormancy in seeds, favo-
ring the expansion of the embryo and significantly decreasing
the time of emergence of the radicle®. Treatment T3 shows a
higher germination percentage than those presented by Mu-
rillo-Gémez, Hoyos, & Chavarriaga®, who reported 57.5% of
Solanum betaceum seeds germinated; these were scarified
and seeded in MS medium with 3 ppm of BAP. This induced
improvement in the germination process is based on hydro
priming on the activation of DNA repairing mechanisms, syn-
chronization of the cell cycle in the G2 phase, and cell division
prepping’.

Although scarification was expected to optimize the ger-
mination response by facilitating water absorption, T2 did not
show a better response than the control treatment, producing
only 50 % of germination and 35.08 days to germination (Figu-
re 1B). This fact agrees with authors who state that scarifica-
tion can damage the embryo, abnormal seedlings, and dead
seeds®. Furthermore, in most of the species studied, scarifica-
tion was not the treatment that achieved 100% germination,
requiring other pregerminative procedures, or the combination
with other factors that break dormancy, such as lighting, refri-
geration, thermal shock, among others®.

T1 showed the lowest germination percentage; this cha-
racteristic could be attributed to the amount of imbibition time,
which was higher compared to the other treatments; Trigiano
& Gray', point out that an excess of the amount of water avai-
lable in the imbibition can negatively affect the suppression of
dormancy speed in germinated seeds in vitro; agreeing with
Trimble!!. It indicates that imbibition of the seed initiates ger-
mination, in which water and oxygen are necessary to keep the
process going. However, an excess of water around the seed
can cause an insufficient oxygen supply for the cells that were
growing and dividing rapidly, which would stop the germination
process.

Number and color of leaves

Treatment T3 showed the highest number of leaves, with
2,31 leaves per explant, and the best color, with an average
of 2,65, which means that the leaves presented a dark green
color (Figure 2). The highest number of leaves (2,31) showed
by T3 can be attributed to this treatment's advantage due to
the early germination, which handed an advantage in metabo-
lic and morphogenetic mechanisms to the Vitro plants. Early
germination has been considered a characteristic to be avoi-
ded by some authors'? however, research works suggest that
plants produced by induced early germination were not affec-
ted morphologically, and the germination time was favorably
reduced®.

Figure 2. Effects of pregerminative treatments on Solanum betaceum seedlings in vitro. A. Number of leaves. B. Leaf in color.
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A deep green color is considered a sign of health in So-
lanum betaceum plants. The color of the leaves of a plant is
an indicator of health and vigor, as a deeper green indicates a
higher concentration of chlorophyll, which allows higher effi-
ciency in the transformation of solar energy into glucose!“. Ca-
sierra-Posada, Pefia-Olmos, & Ulrichs®, also conclude an es-
sential link between coloration and the chlorophyll index. Due
to insufficient chlorophyll content, a low-intensity green color
in the leaf blade can signify stress or senescence in plants'.
Besides that, the leaf's color is one of the main parameters for
fruit producers, playing a crucial role in the choice, preference,
and acceptability of the plants'’.

Bacterial contamination

T1 was the only treatment that displayed bacterial conta-
mination (42 %) (Figure 3A), this characteristic could be due to
an exogenous microbial source that could have come into con-
tact with the seeds when the changing of distilled water after

24 hours occurred (this process was not performed in the rest
of the treatments); Farooq, Wahid, & Siddique'®, consider the
imbibition process with leachate washing as a possible source
of contamination. Likewise, Ma'® indicates that storing seeds
that keep their coverage under hydration generally maintains
high microbial viability.

|
Conclusions

The best pregerminative treatment was T3 (imbibition for
24 hours), applied on Solanum betaceum seeds, showing an
average of 21.62 days to germination, 73% germinated seeds,
and 2.31 leaves with a deep green color (2.65/5).
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Resumen: La marera, Morus alba L. es un arbol lefioso, perenne de porte bajo a medio y de amplia adaptabilidad, tanto en
areas templadas como tropicales. Sus principales usos son en sericultura, alimentacion animal y humana. ELl presente trabajo
evalug la diversidad genética de una coleccion de 28 entradas de morera usando marcadores moleculares ISSR. Los cinco
iniciadores ISSR utilizados para la amplificacién produjeron un total de 115 fragmentos polimérficos, con un tamafo entre 100-
1800 pares de bases (pb), permitiendo la separacion de cuatro grupos principales de diversidad, utilizando la disimilaridad debida
al coeficiente de Dice y Analisis de Coordenadas Principales (ACoP). EL primer grupo formado por las accesiones: Bocond-6,
Maracay-1, Maracay-2, Maracay-3, Tachira-3, Tachira-4, Tachira-5 y Tachira-6; el segundo grupo por Bocond-3, Espafiola-1,
Murcia-1, Murcia-2, Murcia-3 'y Yu-2; el tercer grupo por Boconé-1, Bocono-2, Maracay-6, Tachira-1, Tachira-2 y Yu-62 y el cuarto
grupo por ACC-1, ACC-2, ACC-3, CGT-1, CGT-2, CGT-3, Espafiola-3 y Espafiola-7, con una diversidad genética de 0.242, 0.169,
0.230 y 0.219, respectivamente. Estos resultados constituyen una aproximacién al conocimiento de la diversidad genética del
cultivo en nuestro pais, con fines de iniciar los programas de pre-mejora y mejora genética.

Palabras clave: ISSR, Morus alba L., sericultura, similitud genética.

Abstract: Mulberry, Morus alba L., is a woody, perennial tree of small to medium size and broad adaptability in temperate and tropical
areas. Its main uses are in sericulture, animal, and human feeding. This work studied the genetic diversity of a Venezuelan collection
of Mulberry by ISSR molecular markers. The five ISSR primers used for amplification produced 115 polymorphic fragments, with a
size between 100-1800 base pairs (bp), allowing the separation of four major diversity groups using dissimilarity to the Dice coefficient
and Principal Coordinates Analysis (PCoA). The first group formed by the accessions: Bocond-6, Maracay-1, Maracay-2, Maracay-3,
Tachira-3, Tachira-4, 5-Tachira, Tachira-6; the second group by Bocono-3, Espafiola-1, Murcia-1, Murcia-2, Murcia-3 and Yu-2; the third
group by Bocond-1, Bocond-2, Maracay-6, Tachira-1, Tachira-2 and Yu-62 and the fourth group by ACC-1, ACC-2, ACC-3, CGT-1, CGT-2,
CGT-3, Espariola-3 and Espafiola-7, with genetic diversity of 0.242, 0.169, 0.230 and 0.219, respectively. These results provide a better
knowledge of mulberry's genetic diversity in our country to initiate pre-breeding and breeding programs.

Key words: ISSR, Morus alba L., sericulture, genetic similarity.

|
Introduccion

La morera (Morus alba L.) es un arbol lefioso, perenne de
porte bajo a medio y de amplia adaptabilidad, tanto de areas
templadas como tropicales en Asia, Europa, Norte América,
Sur América y Africa. La morera, género Morus, pertenece a
la familia Moraceae, de las cuales hay al menos 24 especies
conocidas!. La morera es usada como Unica fuente de alimento
para el gusano de seda Bombix morien la sericultura. El follaje
también es usado como alimento animal por su alto contenido
nutritivo. En las regiones tropicales, la predisposicion a utilizar
el follaje de especies arbustivas para la produccion animal ha
estado vigente en los Ultimos afios, y cobra importancia en res-
puesta al potencial de produccion de nutrientes en las arbo-
reas, que se relaciona con altos niveles de proteina cruda (>18
%), alta digestibilidad, excelente balance de minerales y por la
capacidad de producir forraje aiin en época de sequia®. En este
sentido, trabajos recientes sugieren el uso del follaje de plan-
tas arbustivas con potencial forrajero, como complemento ali-
menticio para corregir las carencias de nutrientes que presen-
tan los pastos en las regiones tropicales. Una iniciativa para
muchos paises tropicales podria ser también la siembra densa
de Morera para utilizarla como forraje®. Su uso como alimento
comenzd a partir de la década del ochenta en América Central

debido a sus excelentes caracteristicas bromatoldgicas“.En
general Morus alba L., es una planta multifuncional con propie-
dades farmacoldgicas, con flavonoides como constituyentes
principales, las hojas de morera poseen diversas actividades
bioldgicas, que incluyen actividades antioxidantes, antimicro-
bianas, blanqueadoras de la piel, citotdxicas, antidiabéticas,
inhibidoras de glucosidasa, antihiperlipidémicas, antiateroscle-
réticas, antiobesidad, cardioprotectoras y de mejora cognitiva.
Ricas en antocianinas y alcaloides, las frutas de morera tienen
propiedades farmacoldgicas, como actividades antioxidantes,
antidiabéticas, antiaterosclerdticas, antiobesidad y hepato-
protectoras. La corteza de la raiz de la morera, que contiene
flavonoides, alcaloides y estilbenoides, tiene propiedades an-
timicrobianas, blanqueadoras de la piel, citotdxicas, antiinfla-
matorias y antihiperlipidémicas. El consumo de preparaciones
de las hojas de morera controla comorbilidades relacionadas
con la complejidad de la COVID-19 como la Diabetes mellitus
tipo 1y 2 y las enfermedades cardiovasculares®®. Todo esto
adquiere relevancia para observar la evolucién hacia cuadros
complejos presentes en la severidad de la COVID-19, relacio-
nada con una respuesta disfuncional del sistema inmune’®,

La evaluacion del nivel y distribucién de la diversidad ge-
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nética dentro del germoplasma existente de morera, no solo
puede contribuir al conocimiento sobre su historia evolutiva,
sino que es fundamental para su conservacion y mejora®. Se
han desarrollados estudios previos sobre diversidad genética
usando caracteres morfoldgicos y técnicas moleculares. Los
marcadores moleculares son complementos Utiles a los ca-
racteres morfoldgicos y fenoldgicos debido a que son abun-
dantes, independientes del tejido o de efectos ambientales y
permiten identificar genotipos en estados iniciales de desarro-
llo de la planta. Estas técnicas revelan polimorfismos a nivel
del ADN y son herramientas muy poderosas para la caracteri-
zacién y estimacion de la diversidad genética. En Morus sp., se
han usado exitosamente estos marcadores moleculares con
fines de caracterizacion tanto de cultivares como de especies
silvestres, asi como de andlisis de diversidad genética. Entre
los marcadores moleculares empleados se tiene los RA-
PD-PCR (reaccion en cadena de la polimerasa para la amplifi-
cacion al azar del ADN polimdrfico)!® , AFLP (polimorfismos
de longitud de fragmentos amplificados)*? , SSR (secuencias
simples repetidas)*3!4, siendo los ISSR (secuencias simples re-
petidas entre secuencias no repetitivas) los marcadores mas
comunmente utilizados en Morus sp., con diferentes propdsi-
tos, siendo los mas destacados, la identificacion de especies
e incluso variedades intra-especie, asi como también los estu-
dios de diversidad y estabilidad genética'>!67,

En Venezuela, se ha iniciado un programa de aprovecha-
miento integral de la morera en diferentes éreas agroecoldgi-
cas con fines de alimentacion animal, humana y sericultura.
LLa Fundacion Instituto de Estudios Avanzados (IDEA) ha reci-
bido del Instituto Nacional de Investigaciones Cientificas (IVIC)
material colectado de siembra de diferentes localidades del
pais, desconociendo las relaciones genéticas entre ellas. En tal
sentido, el objetivo de este trabajo fue evaluar la variabilidad
genética de genotipos de morera colectados en Venezuela me-
diante marcadores ISSR.

|
Materiales y métodos

Material vegetal, extraccion y amplificacion del ADN

Se tomaron muestras de lo que inicialmente se conside-
raban 8 diferentes variedades de morera, cuyo origen no se co-
noce exactamente y se realizo la extraccién de ADN de hojas
jovenes mediante el protocolo de Dellaporta'®.

La cantidad y pureza del ADN extraido se midié en un es-
pectrofotémetro Eppendorf BioPhotometer mediante la de-
terminacion de la relacién de absorbancias 260/280 nm, y su
integridad se evalud mediante electroforesis en geles de aga-
rosa al 1% en tampodn TAE 1X*, EL ADN fue diluido a 1 ng/uL
para las reacciones de amplificacién de ISSR.

El analisis con los marcadores ISSR incluy¢ el uso de 5 ini-
ciadores de 17-19 nucledtidos de longitud, desarrollados por el
laboratorio de Biotecnologia de la Universidad de la Columbia
Britanica (Tabla 1).

Para las reacciones de amplificacion de ISSR-PCR se uti-
lizaron: tampdn de PCR 1X, 3 mM MgCl2, 0.2 mM dNTPs (Pro-
mega Co. Ltd.), formamida al 2%, 0.25 uM del iniciador en es-
tudio, 2 U Tag polimerasa (Promega Co. Ltd.) y 2.5 ng de ADN
gendmico en un volumen final de 20 mL. Las condiciones de
amplificacion fueron las siguientes: (Tabla 2).

Todas las reacciones se realizaron en un termociclador
Cycler (Bio-Rad). Los productos amplificados se analizaron
mediante electroforesis en geles de agarosa al 1,5% en tam-
pon TAE 1X, mediante comparacién con un marcador de peso

Tabla 1. Lista de iniciadores de tipo ISSR seleccionados para
la amplificacién y evaluacién de variedades de morera.
*Abreviaciones para posiciones de bases mezcladas: H=no G;
V=noT.

Tabla 2. Condiciones de amplificacién de fragmentos ISSR
utilizada.

molecular (1kb plus (Invitrogen) y fueron visualizados median-
te un escéner Typhoon (GE Healthcare). La interpretacion ge-
nética de los patrones de ISSR, esencialmente de naturaleza
dominante, se basd en que solamente existen dos fenotipos,
los que presentan la banda que son los individuos homacigotos
dominantes y los heterocigotos y los que no la presentan que
son los individuos homocigotos recesivos.

La nomenclatura utilizada consistié en sefialar cada ban-
da con el nombre y el nimero del iniciador comercial seguido
de otro nimero que se refiere a la posicion de la banda en el
orden de menor a mayor migracion en los geles.

Anadlisis de Datos

En ausencia de analisis de segregacidn no se hizo ninguin
supuesto sobre la naturaleza genética de los alelos, los frag-
mentos de amplificacion fueron codificados de acuerdo a un
marcador dominante, es decir, A/A=A A=1y AA,=0, gene-
rando una columna por locus para cada iniciador. EL nivel de
polimorfismo y la capacidad discriminatoria de cada iniciador
se valord a través el contenido de informacion polimdrfica
(PIC) y la probabhilidad de obtener parejas idénticas de alelos
entre las muestras estudiadas®. La coleccion venezolana de
morera consta de nueve genotipos y de alli se tomaron 29
individuos; cuatro de Bocono, cuatro de Maracay, seis de Tachi-
ra, tres Espafola, tres Murcia, tres ACC, tres CGT, una Yu-2 y
una YU-62. La relacién genética entre los nueve genotipos fue
estudiada aplicando el uso combinado del Analisis de Coor-
denadas Principales (ACoP) y el Analisis de Conglomerados
(AC), sobre datos de disimilitud utilizando los coeficientes de
Jaccard, Emparejamiento simple, Dice y Rogers y Tanimoto®.
El nimero k de dimensiones a ser retenidas, el coeficiente de
similitud que mejor define la estructura de los datos y las me-
didas de la calidad fueron calculados utilizando también los
procedimientos descritos por Demey?. Todos los analisis se
realizaron utilizando InfoStat 2013% e Info-Gen 2011%.
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Resultados y discusion

Los cinco iniciadores ISSR utilizados para la amplificacion
produjeron un total de 134 fragmentos polimarficos, con un ta-
mafo entre 100-1800 pares de bases (pb). Tamafios similares
han sido descritos por otros autores quienes describen bandas
amplificadas comprendidas entre 520-2200pb? y entre 200 -
2000pht.

El iniciador ISSR-815 fue el que generd el menor nimero
de fragmentos amplificados (13 bandas) y el mayor nimero de
fragmentos fue generado con el iniciador ISSR-823 (37 ban-
das). Otros autores, con el empleo de estos marcadores, han
obtenido altos niveles de polimorfismo para Morus sp. Uno de
los trabajos reporta que estudiando las relaciones genéticas
entre 21 genotipos de morera y utilizando 11 iniciadores ISSR
se obtuvo un 96.55% de bandas polimorficas?. En otro estudio
donde se evaluaron 20 genotipos con 8 iniciadores ISSR obtu-
vieron un 97.6 % de polimorfismo?4. Otro estudio donde utiliza-
ron 11 ISSR obtuvieron un promedio de 91.78% de marcadores
polimdrficos!. Sin embargo, también se han descrito niveles
mas bajos de polimorfismo para este género, aun cuando se
plantea que existe més variabilidad genética entre genotipos
de M. alba en contraste con la encontrada en otras especies
como M. nigra*??. Asi tenemos el polimorfismo de 91.3% des-
crito en 27 variedades de cultivo y silvestres de Morera con el
empleo de 15 marcadores ISSR'; en genotipos colectados de
diferentes paises encuentran un 74.13% de polimorfismo con
el empleo de 10 ISSR?; otro estudio encuentra solo un 50%
de polimorfismo entre 24 cultivares con el empleo de 17 mar-
cadores®,

Los valores del Contenido de Informaciéon Polimdrfica
(PIC) para cada marcador ISSR variaron de 0.16 a 0.29; el mar-
cador ISSR-891 fue el iniciador méas informativo del conjunto,
con un valor PIC mayor al 50% del intervalo tedrico de 0.01
a 0.50 y ademas mostrod la mayor capacidad discriminatoria,
evaluada a través de la probabilidad de que dos variedades di-
ferentes tengan igual identidad (Tabla 3).

En lafigura 1, se muestra el espacio bidimensional obteni-
do del Anéalisis de Coordenadas Principales (ACoP), utilizando
el coeficiente de similitud de Dice, que segun la metodologia
de andlisis propuesta, refleja la mayor coherencia entre la ma-
triz de distancias observadas y estimadas, lo cual garantiza
la mayor estabilidad de la representacién y ofrece una mejor

aproximacion de las relaciones entre las variedades. Las dos
primeras dimensiones explican el 20% de la variabilidad total y
permiten la formacién de cuatro grupos de individuos utilizan-
do los cinco iniciadores ISSR. El primer grupo formado por los
individuos Bocon¢-6, Maracay-1, Maracay-2, Maracay-3, Tachi-
ra-3, Tachira-4, Tachira-5 y Tachira-6; el segundo grupo por
Bocond-3, Espafiola-1, Murcia-1, Murcia-2, Murcia-3 'y Yu-2; el
tercer grupo por Bocond-1, Bocond-2, Maracay-6, Tachira-1,
Tachira-2y Yu-62; y el cuarto grupo por ACC-1, ACC-2, ACC-3,
CGT-1, CGT-2, CGT-3, Espafiola-3y Espafiola-7, con una diver-
sidad genética de 0.242, 0.169, 0.230 y 0.219, para el prime-
ro, segundo, tercer y cuarto grupo, respectivamente, lo cual
ocurre con frecuencia ya que usualmente se utilizan especies
seleccionadas por caracteristicas similares de rendimiento y
adaptacién al ambiente. En términos de similitud, los resul-
tados permiten probar que dos individuos con posiciones mas
contiguas en la representacion bidimensional, tendran patro-
nes mas similares de ADN respecto a los iniciadores utilizados.

Basados en los resultados obtenidos, no se puede afirmar
que exista un patron de agrupamiento debido a la procedencia
de los individuos estudiados, similar a lo encontrado en el ban-
co de germoplasma de Morera de la granja experimental “El
Pilamo” de la Universidad Tecnoldgica de Pereira (Colombia),
donde encontraron altos valores en los aspectos de estadisti-
ca descriptiva y diferenciacion poblacional que demuestran la
gran complejidad presente en el genoma de morera'’. Esto po-
dria estar indicando el entrecruzamiento inducido por parte de
los Fito mejoradores de variedades geograficamente distantes,
lo que genera un acercamiento desde el punto de vista del ma-
terial genético de los individuos.

A pesar de la similitud entre grupos, se nota que en el
grupo 4 formado a partir de los ACoP, existe la predominancia
de individuos de las variedades ACC y CGT, los cuales estan
ausentes en los demas grupos, por lo que se podria indicar que
precisamente estas variedades, que en principio se creian dis-
tintas, pertenecen en realidad a un mismo grupo varietal de M.
alba L. El conocimiento de las relaciones genéticas del mate-
rial de partida es necesario para garantizar el uso adecuado del
genoma de una especie cuando se pretende aplicar procesos
de hibridacion y seleccion en un programa de mejora genética.

Tabla 2. Nivel de polimorfismo y capacidad discriminatoria de los iniciadores.
*Probabilidad de que dos individuos para el Loci evaluado tengan igual identidad



Obtencidn de un extracto rico en carotenoides con capacidad antioxidante a escala de banco a partir de residuos agroindustriales del tomate de érbol (Solanum betaceum)
Obtaining an extract rich in carotenoids with antioxidant capacity on a bank scale from agro-industrial residues of tree tomato (Solanum betaceum)

Figura 1. Relaciones genéticas entre los 28 individuos de la coleccién venezolana de morera basada en la disimilaridad debida

al coeficiente de Dice y los cinco iniciadores ISSR.

|
Conclusiones

Los cinco marcadores ISSR evaluados no permitieron ge-
nerar diferencias en el grupo genético debido a la procedencia
de los individuos estudiados, lo que indica una baja variabilidad
genética de morera en Venezuela. Es necesaria la inclusién en
el estudio de nuevos marcadores ISSR y mas genotipos para
tener una mejor imagen de la estructura genética del germo-
plasma de M. alba L en Venezuela. Lo otro seria, la introduc-
cion de material fordneo de morera para aumentar la diversi-
dad genética para futuros programas de mejora genética.
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Abstract: Lignocellulosic materials have garnered significant attention in recent years to generate biomaterials, but nothing has
been investigated with cacao residues of significant importance in Ecuador. This study's objective was to generate porous, three-
dimensional sponges from cacao pod shell mesocarp with potential use in biomaterial application. Discs from the mesocarp of cacao
pod shells were subjected to neutral, acid, and alkaline treatments, at 250C and 1000C, followed by washing and lyophilization.
Sponge composition was evaluated, with the alkaline treatment resulting in the highest cellulose content and the lowest percentage
of lignin, with the removal of hemicellulose corroborated by FITR. The sponges presented high water absorption capacities, which
increased with the treatment temperature; mainly, the alkaline generated structures had the largest capacity. The sponges'
porosity also depended on the treatment, with the acid and alkaline treatments generating larger pores, which significantly grew
with treatment temperature. Preliminary in vitro cytotoxicity tests were carried out using Wharton's jelly mesenchymal stem cells,
according to 1ISO 10993.5.2009, with none of the materials being cytotoxic; however, those with greater lignin contents resulted
in lower cell viability. In general, it is considered that the alkaline generated sponges presented the more significant potential for
biomaterial applications, which could be further tested with In vitro cell proliferation and differentiation studies and possible in vivo

assays.

Key words: Cacao, lignocellulosic biomass, waste, biomaterials, valorization.

|
Introduction

Lignocellulosic biomass has been considered for varied
technologies within a framework of its valorization. Applica-
tions include environmental as an adsorbent for water purifica-
tion, biotechnological, microorganism substrates for different
bioprocess, and biomedical as biomaterials. Secondary ligno-
cellulosic biomass, derived from agro waste, is increasingly
prevalent worldwide, and the novel was for its valorization is
the focus of extensive research. Ecuador supports its economy
mainly on agriculture, and essential crops include corn, tubers,
and cacao. Regarding the latter, this country is essential for
being one of the largest producers of fine-aroma varieties*.

Nonetheless, due to this variety being prone to diseases
and its low plant productivity, a clone, CCN51, has gained more
preponderance among farmers, despite having more insuffi-
cient organoleptic properties?. This last crop alone generates
more than 200,000 tons of waste per year, with most of it be-
ing lignocellulosic material from the pod shell, which is mainly
used for animal feed or as fertilizer in the same crop. However,
these applications are inefficient since animals do not easily di-
gest the material, and its potential as a fertilizer has not been
demonstrated?.

The two main components of this type of residues, cellu-
lose and lignin, are different commercial interests. On the one
hand, cellulose can be digested to generate reducing sugars,
used by different microorganisms to produce various metabo-
lites, such as bioethanol, biogas, and lactic acid. On the other
hand, lignin can be processed into materials used in construc-
tions, among other areas. Lignocellulosic biomass has also
been used as absorbent and adsorbent materials for oil, heavy
metals, and other essential water contaminants. Moreover,
both lignin and cellulose possess different cyto and biocompa-

tibility levels, making them suitable candidates for biomaterial
applications, such as scaffolds for tissue engineering of con-
trolled drug delivery systems*5,

Lignin and some of its derivatives have already been used
in these applications, both alone or in combination with other
materials, displaying high levels of cytocompatibility and the
ability to support cell adhesion, proliferation, and differen-
tiation*87. However, it has been reported that they can reach
cytotoxic levels, which could hinder the potential application
of lignocellulose-based biomaterials®. On the other hand, ce-
llulose has been more widely employed, with applications in
thin films, composite hydrogels, and three-dimensional porous
scaffolds, among others. This polysaccharide has been com-
bined with biopolymers such as chitosan, collagen, and algi-
nate®% with actual results in skin, bone, cartilage, and even
nerve tissue engineering**%, However, they have been used
separately and assembled in residual biomass for different
biomedical applications. Scaffolds have been fabricated from
lignocellulosic apple matrices through their chemical and
enzymatic pretreatments. These constructs were efficient in
supporting mesenchymal stem cell proliferation and differen-
tiation*,

As the agricultural residue represented by cacao pod
shells is rich in these biopolymers, we believe that it can be
used to generate porous structures that could potentially be
used as biomaterials. Thus, they would represent feasible
alternatives to other biopolymers, both natural or synthe-
tic, more commonly used in the fabrication of such matrices,
namely chitosan, poly-a hydroxy esters, and alginate, among
others?®24,
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The valorization of the residue mentioned above as a bio-
material has not been previously reported in the literature. As
it has high contents of essential biopolymers (cellulose and
lignin), we hypothesize that suitable structures for biomedical
applications could be potentially generated. We believe that
structures with a high cellulose and critical lignin composi-
tion levels could result in highly cytocompatible and stable
structures. Thus, this study's objective was to establish an
appropriate protocol for generating porous, three-dimensional
sponges from cacao pod shell mesocarp and perform a preli-
minary assessment into their cytocompatibility properties that
could translate into biomaterial applications. The mesocarp
was chosen since other layers of the pod shells are either too
woody and difficult to process or disintegrated quickly with any
treatment®.

|
Materials and methods

The general procedure used to generate the sponges and
their subsequent characterization is shown in figure 1.

Mesocarp samples from cacao pod shells

CCN51 cacao pods were obtained from Guayas, Ecuador,
always from the same location and similar maturation degree.
The mesocarp was manually separated from the other layers
of the shells, namely the endocarp and exocarp, and discs of
6.6 mm in diameter and 5.6 mm in thickness were obtained.
Due to enzymatic darkening and accelerated oxidation, the
samples were treated immediately.

Generation of porous sponges

The mesocarp samples were subjected to the treatments
specified in Table 1. Briefly, a known mass of discs was sus-
pended in the reagent solution (sodium hydroxide, acetic acid,
or water) at a ratio of 1g per 15ml. Treatments were carried
out at room temperature or 1002C. Those at room tempera-
ture were performed for 72 h, with changes in solution at 24
and 48h, stirring at 50 rpm, while those at 100°C were done
in a reflux system for 3 h, with changes in solution at 1 and
2h. These times were based on previous laboratory trials. At
room temperature, 3h did not result in significant changes in
the structure, while longer times in the reflux system caused
the samples' complete disintegration. After the treatment, the
resulting samples were thoroughly rinsed with distilled water
until neutralized, later frozen, and lyophilized.

Crude Fiber

An adaptation from the norm AOAC 989.03 was used?.
Briefly, 2 grams of defatted sample (previously treated in a
Soxhlet system, using hexane) were treated with 1.25% sul-
furic acid and 1.25% NaOH in reflux for 1h. Then, the sample
was washed with distilled water and dried at 105°C for 2h. Af-
ter weighing the dried sample, calcination followed at 500°C.
Crude fiber (CF) content was determined through equation (1).

%CF = WIWO 100 (1)

WT is the weight of the treated sample, WC is the weight
after calcination, while WS represents the defatted sample.

Figure 1. General experimental procedure for the generation and characterization of cacao mesocarp sponges. The stereosco-

pic picture presents an example of a generated sponge.

Table 1. Experimental conditions of the different pretreatments applied to cacao mesocarp samples to obtain porous sponges
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Ash Content

Norm AOAC 932.01 was followed. One gram of sample
was calcinated at 700°C for 2h. Total ash content was deter-
mined through equation (2). Where WS and WC are the weights
of the sample and after calcination, respectively.

%TA=122+100 (2)

Cellulose Content

One gram of dried sample was digested in 15 mL of 80%
acetic acid and 1.5mL of concentrated nitric acid, under re-
flux, for 20 min. The digested sample was then filtered and
washed with ethanol, followed by drying at 1052C. Calcination
followed at 540°C. Cellulose content was calculated through

equation (3).
%cC= 25100 (3

WT is the sample's weight after reflux, WC is the weight
after calcination, while WS represents de defatted sample.

Lignin Content

According to AOAC 973.18, one gram of defatted sample
was digested in 15 ml of 72% sulfuric acid, under moderate
agitation for 2h, at room temperature. Then, the digested sam-
ple was taken to a reflux system with water for 4h, followed
by filtration, thorough rinsing with water, and drying at 105°C
for 3h. Equation (4) was used to determine the percentage of
lignin in the sample.

%LC = % +100 (4)

Where, Wl and WF are the initial and final sample weights,
respectively.

Water Absorption

To determine the water absaorption capacity of the spon-
ges, swelling assays were conducted. Lyophilized samples
were placed in 24-well plates, incubated in phosphate-buffe-
red saline (PBS, pH 7.2), at 370C. Sample weight was monito-
red over time, and the swelling degree was determined throu-
gh equation (5).

Where, W, is the initial weight, and W, is the weight at a
specific time, t.

Scanning Electron Microscopy, SEM

Foam morphology was analyzed in a Scanning Electron
Microscope FEI, model INSPECT. For this, samples were spu-
tter-coated with platinum and observed at 50 Pa and 7.5 KV.
Pore size analyses were carried out using the software Ima-
geJ27‘28.

Fourier Transform Infrared Spectroscopy, FTIR

Samples were analyzed with a Cary 630 FTIR Spectrome-
ter from Agilent Technologies, with an ATR module, with an
interval of 650cm™ to 4000 cm™ in wavelength.

Cytocompatibility Analyses

Cell viahility was used as a preliminary test to assess the
material's cytocompatibility; 1ISO 10993.5.2009 (Biological
evaluation of medical devices -- Part 5: Tests for in vitro cyto-
toxicity) was used for this purpose. Mesenchymal stem cells
were isolated from the Wharton's Jelly of human umbilical
cord after approval from the Bioethics Committee at Hospi-
tal Luis Vernaza, Guayaquil (Document number HLV-DOF-
CEI-007, with date February 27, 2015). Cells from the third
passage were plated in 96-well plates at 5x10° cells/cm? and
cultured over 24 h with Dulbecco's modified essential media
(DMEM, supplemented with 10% fetal bovine serum, FBS and
1% penicillin-streptomycin). Sponge samples were disintegra-
ted in non-supplemented DMEM at a Img/mL concentration
and sterilized in an autoclave. The wells were then washed
with phosphate buffer saline (PBS, pH 7.2), and processed
sample suspensions were added. Control was used with only
DMEM (without material). These were incubated, for 72h, in
a humid atmosphere with 5% CO, at 370C. After that, wells
were rinsed with PBS, and an MTT (Thiazolyl blue tetrazolium
bromide) solution with a concentration of 5 mg/ml, in PBS, was
added, followed by incubation under culture conditions, for 3h.
After that, dimethyl sulfoxide was added, and optical density
was obtained in a spectrophotometer at 590nm. Cell viability
was calculated through equation 6.

Cell viability = %* 100 (6)

Where ODs and ODc are the optical densities of the sam-
ple and control, respectively.

Statistical Analyses

Results are reported as the average * standard deviation.
Four replicates were used unless otherwise specified. For cru-
de fiber, ashes, cellulose, and lignin, averages from four diffe-
rent pods were reported. Statistically significant differences
were determined through ANOVA, with multiple comparisons
with Tukey, with a confidence level of 95%.

|
Results and Discussion

In the generation of porous structures, it was essential to
assess which methods could result in more significant cellu-
lose contents and lower lignin compositions. Breaking down
lignin structure could provide greater porosity to the structu-
re, an important architectural feature for biomaterial applica-
tions. Moareover, cellulose, for instance, is a highly cytocompa-
tible polymer®, while lignin, also cytocompatible*, albeit to a
lesser degree®, has limited biodegradability?. It is important
to remember that this study aimed not to perform a thorough
biological evaluation of the generated materials but to esta-
blish a methodology to obtain porous structures composed of
biopolymers previously reported as cyto- and bio-compatible.

Being a lignocellulosic material, cacao mesocarp could
represent a local alternative (in Ecuador and Latin America
in general) for the generation of new biomaterials. Different
treatments would cause composition changes, translating into
different yields and altering the dimensions concerning the
original sample, as shown in Table 2. Neutral treatments, in-
dependent of the temperature, had the most significant yields
and the lowest reduction on sample dimensions. On the other
hand, alkaline treatments resulted in the lowest yields and
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largest reduction in dimensions: diameter, thickness, and vo-
lume. For all cases, these effects were more pronounced at
1000C, which consistently resulted in lower yields and more
considerable volume reduction for 250C. This could sign grea-
ter levels of removal of specific components of the mesocarp,
organic, such as fiber, and inorganic in the form of ashes.

Crude fiber is primarily composed of cellulose, lignin,
hemicellulose, and pectic compounds®’; however, it is merely
used to assess their changes and not on the actual values of
their contents. As seen in Figure 2, crude fiber content signifi-
cantly increased with temperature. At 250C, the neutral treat-
ment produced the lowest amount of crude fiber, comparable
to the untreated samples, while there were no significant di-
fferences between the acid and alkaline treatments, despite
them having larger crude fiber content. At 1000C, on the other
hand, it was the alkaline treatment that resulted in the largest
percentage of crude fiber (p<0.05).

Analyzing fiber components, lignin content for all diffe-
rent treatments is shown in Figure 3. The highest content of
lignin, at both temperatures, was found in the acid treatment,
reaching a maximum of approximately 50%. The lowest va-
lues were obtained with the alkaline treatment, reaching a
minimum of about 20%, comparable to that of the untreated
sample. In different lignocellulosic biomass types, it has been
reported that alkaline conditions, especially with sodium hy-
droxide, resulting in lower lignin content.

Regarding cellulose content (Figure 4), there were sig-
nificant increases in this parameter concerning temperature
for all the applied treatments. At 250C, water resulted in a
cellulose content similar to that of the untreated mesocarp
(approximately 29%), significantly lower than those of the acid
and alkaline treatments, with the latter yielding the highest
content. At 1000C, however, the acid treatment resulted in the
lowest cellulose content, while the alkaline still produced the
highest value of (48.88 = 1.67) %.

The acid's primary purpose is the solubilization of hemi-
cellulose, not quantified here, weakening the interactions be-
tween lignin and cellulose®. However, in this case, under the
acid condition, the composition of lignin is significantly greater
than that of the cellulose, which could be due to acid hydroly-
sis of the latter. On the other hand, the alkaline treatment is
more directly related to lignin removal by inducing biomass
swelling, decreasing crystallinity, and, consequently, ruptu-
ring its structure®. Water could have a similar effect, albeit
smaller. This explains the differences in fiber content between
treatments, but not when compared to the untreated meso-
carp. As previously mentioned, this study did not quantify other
biomass components, and some of them are present in sig-
nificant amounts, such as hemicellulose, pectin, and reducing
sugars. Their removal could alter compositions by any of the
treatments, causing an increase in the percentage content of
crude fiber, cellulose, and lignin.

Table 2. Yield of treated mesocarp from cacao pod shell after different treatment conditions to produce porous sponges, along

with their average dimensions.

Figure 2. Crude fiber content of cacao mesocarp porous sponges generated by treatments with different reagents at different
temperatures. * represents significant differences between the two temperatures. The same letters indicate that the values
are statistically the same, while different letters denote differences (p<0.05).
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Figure 3. Lignin content of cacao mesocarp porous sponges generated by treatments with different reagents at different tem-
peratures. * represents significant differences between the two temperatures. + And # the treatment type that resulted in the
lowest and highest cellulose content, respectively, at a given temperature.

Figure 4. Cellulose content of cacao mesaocarp porous sponges generated by treatments with different reagents at different
temperatures. * represents significant differences between the two temperatures. The same letters indicate that the values
are statistically the same. + And # the treatment type that resulted in the lowest and highest cellulose content, respectively,

at a given temperature.

Another essential component of the biomass is represen-
ted by inorganic material in the form of ashes, presented in
Figure 5 for the present study. The acid treatment resulted in
the most efficient method to remove ashes, with up to 95% re-
moval. Acetic acid is particularly efficient at this task, creating
soluble acetate salts of calcium, magnesium, and potassium
(among other cations)®. On the other hand, the alkaline treat-
ment could create insoluble hydroxides that could remain in
the structure, even after washes.

FTIR analyses were carried out to confirm structural and
compositional changes in the sponges, as shown in Figure 6.
Characteristic hemicellulose peaks are observed at 1057 and
1090 cm™ %, but the signal at 1270 cm™ is significantly dimi-
nished in the sponges resulting from the alkaline treatment.

Cellulose peaks are also found in all samples, especially tho-
se at 1154 and 898 cm. The untreated samples displayed all
the characteristic peaks for lignin, including 1605 y 1517 cm,
corresponding to phenyl ring skeletal vibrations, and adsorp-
tion of aromatic methoxy groups at 2850 cm™ %, These peaks
were observed in the treated samples' spectra; however, the
vibration of aromatic rings at 850 cm™ disappeared with the
alkaline treatment. A similar effect is observed with the absor-
bance of aldehyde/ketone groups at 1730 cm™. These results
corroborate that the alkaline treatment is efficient at removing
not only lignin but also hemicellulose.

Through changes in the composition, where lignin and
cellulose levels varied significantly, it was essential to eva-
luate the sponges' water absorption capacity. This parameter
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Figure 5. Ash content of cacao mesocarp porous sponges generated by treatments with different reagents at different tem-
peratures. * represents significant differences between the two temperatures. The same letters indicate that the values are
statistically the same. + And # the treatment type that resulted in the lowest and highest cellulose content, respectively, at a

given temperature.
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Figure 6. Fourier transform infrared spectra of the untreated samples and the sponges generated by neutral, acid and alkaline

treatments.

is of upmost significance given that through the diffusion of
nutrients in aqueous media (culture medium or blood), in po-
tential tissue engineering applications, cell survival could be
guaranteed®. Figure 7 shows the water uptake capacity for the
sponges generated through different treatments. At 250C (Fig.
7A) and 1000C (Fig. 7B), the sponges resulting from the alkali-
ne treatment presented the largest water absorption capacity,
followed by those generated through acidic treatments, and
those obtained by neutral treatment had the lowest capacities.
Nevertheless, all the samples' swelling was remarkably high,
more significant than that of the untreated mesocarp, which
could give an idea of the sponges' large porosity. Over 80% of
the water absorption occurred at 1h for all the studied formu-
lations.

Additionally, the stabilization of the absorption, which
was observed even after 72h, indicates that the structures are
stable under physiological conditions. However, the materials
without treatment presented an already high capacity to ab-
saorb water, and, at 250C, there were no differences between
this condition and those treated with water. However, for all
treatments, water absorption significantly increased at 1000C,
which was more pronounced for the scaffold resulting from
the acid and water treatments.

The highest absorption capacity of the sponges obtained
through alkaline treatment could be explained by their lowest
lignin content, which is the component that gives rigidity to the
biomass®. The presence of hemicellulose is also an essential
factor in lignocellulosic hiomass stability and rigidity. Its pre-
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sence was corroborated through FITR spectra; thus, this could
be responsible for the lower values of water uptake levels pre-
sented by the scaffolds generated via water treatment. Howe-
ver, as seen in the spectra, hemicellulose levels seemed lower
in the alkaline treated samples, translating into more flexibility
of the structure and consequent higher water absorption ca-
pacity. As the temperature increases, the removal of hemice-
llulose and lignin becomes more effective, thereby providing
less rigidity to the structure and allowing more significant
water absorption levels. However, this large water absorption
capacity could be an interesting characteristic for other appli-
cations, such as in environmental processes or microorganism
immobilization for bioprocesses®.

Close examination of sponge morphology could provide
insights into alterations in composition and water absorption
capacity. Changes in morphology can be seen in Figure 8,
where untreated samples (Control) show micro-porosity, with
apparent fibrous structures on its surface. The application of a
neutral treatment, at 250C, already induces a more generous
definition of the micropores, but no significant changes in the
structure are appreciable. This is corroborated through table
3, where average pore diameter and pore area distribution are
shown. At 1000C, the porous structures become more exten-
sive, with more excellent distribution. When treated with acetic

acid, changes on the surface are maore prominent as it appears
more irregular, and larger pores become more frequent, par-
ticularly at the higher temperature, when the average pore
diameter is more extensive than those obtained at room tem-
perature.

Nonetheless, when looking at the distribution, most pores
have similar sizes at both temperatures. On the other hand,
even larger pores are observed after the alkaline treatment,
and the differences on pore size between room temperature
and 1000C are significant this time. It is essential to highli-
ght that there is more excellent uniformity in pore shape as
they tend to be more grounded with the alkaline treatment at
1000C. The larger porosity observed with the acid and alka-
line conditions can be related to the greater extent of mass
and volume loss after the treatment, particularly for the lat-
ter; water absorption capacity is also related to this feature, as
it is shown in the swelling studies. Similarities in morphology
between the untreated and the sponges resulting from neutral
conditions corroborate that this treatment did not change the
material's structure. The average pore size is related to the
change in sample dimensions after the treatment (Table 2).
A more extensive loss of mass, which would translate into a
more considerable volume reduction, could also be related to
more excellent pores; thus, in the case of the treatments at

Figure 7. Water absorption kinetics of the sponges generated through different treatments at (A) 25°C and (B) 100°C.
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1000C for acid and alkaline treatments, where pore areas are
more extensive than in the other experimental conditions, the-
re is also significantly greater volume reduction percentages
(around 37 and 40%, respectively). On the other hand, it can be
seen that, as there are no critical differences in pore size after
neutral treatment at 250C, the volume reduction is minimum
(< 4%).

Porosity and pore size are essential parameters for bioma-
terial applications. For example, in the case of tissue enginee-
ring, the porous structure will be responsible for allowing cell
migration and proliferation into the interior of the scaffold®.
Should cells be unable to penetrate the porous network, tissue
regeneration would not be homogeneous, hindering the pro-
cess's success. Many authors report that pore size should be
in the range of 150-300 um (approximately 17000-70000 um?)
to permit efficient cell proliferation and migration and synthe-
sis of extracellular matrix and the subsequent formation of
new tissue®. Nutrient transport would be guaranteed in any of
the sponges due to their large water absorption capacity, but
not all of them would be suitable for cell activity. From these
results, it is apparent that the scaffolds obtained via alkaline
treatment would be more appropriate for this purpose.

Table 4 shows the preliminary analysis of different spon-
ges' cytocompatibility; in this case, only those at 1000C were
chosen as they were considered the ones with the most signi-
ficant potential for the proposed application. Only those for-
mulations that yielded cell viability values greater than 70%
would be considered potentially cytocompatible®. It is essen-
tial to point out that no changes in culture media were obser-
ved, indicating no pH variations due to the samples. Sponges

after alkaline and neutral treatment resulted cytocompatible.
However, the untreated samples displayed viability greater
than 100%, possibly due to the presence of compounds that
could interfere with the MTT protocol and the formation of the
purple formazan salts. The acid-produced sponges were not
cytotoxic; however, the values were close to the limit establi-
shed by the norm, and thereby they would not be recommen-
ded for further cell studies.

Material's cytotoxicity is directly related toits composition,
and, in this case, some trends arise. As previously mentioned,
lignin content can reach cytotoxic levels, partially explaining
why the acid-generated sponges yielded the lowest cell viabili-
ty. Additionally, those samples that resulted from the alkaline
treatment and those from the neutral and untreated sample
had significantly lower lignin contents and, at the same time,
higher cell viability percentages. Regarding cellulose, however,
the values in its content, despite being significantly different,
are not large enough to mark a trend related to cytotoxicity.
One interesting point is ash content; in this study, the untrea-
ted samples and those treated under alkaline conditions pre-
sented the highest ash percentages, but that was not the case
with those from the neutral treatment. Thus, there is no clear
trend between ash content and cell viability, nor is there a re-
lation between crude fiber and this parameter. Consequently,
it may be implied that lignin content will have a greater effect
on cell viability when analyzing the scaffold composition. As
this is a preliminary test, to determine the potential biomedi-
cal applications of these materials, such as tissue engineering,
further analyses are recommended in future studies, including
cell proliferation and differentiation.

Figure 8.  Scanning
electron micrographs of
mesocarp sponges from
cacao pod shell, gene-
rated through different
treatments.  Magnifica-
tion: 500X, Scale bar: 200
pm.
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Table 3. Pore size analysis of cacao mesocarp sponges obtained through different treatments

Table 4. Cytocompatibility analysis of cacao mesocarp sponges using human umbilical cord-derived mesenchymal stem cell

cultures

|
Conclusions

The present study tries to give an alternative to residual
biomass valorization by generating highly specialized products
that could potentially have an unusual application for this type
of material. The results herein presented show that porous
sponges, potentially cytocompatible, can be easily obtained
through the chemical processing of the mesocarp from ca-
cao pod shells. Of the tested methods, the alkaline treatment
shows more significant promise for this application due to the

structural changes that result in greater porosity, water ab-
sarption capacity, and an indication of low cytotoxicity levels.
Nevertheless, in future studies, it would be advisable to optimi-
ze the sponge generation process through alkaline treatments,
where different variables can be assessed, such as reagent
concentration, temperature, and time, among others. Further
in vitro studies for cell attachment, proliferation and differen-
tiation would also be necessary.
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Abstract: Pseudocercospora fijiensis is a filamentous, hemi biotrophic fungus whose infection process in banana comprises
biotrophic and necrotrophic phases; the biotrophic phase is the longer and less damaging of the two but is nonetheless a crucial
stage of fungal establishment in the host. To discover the genes essential in this stage, we conducted an interaction experiment to
isolate the transcriptome of the P, fijiensis and Musa acuminata interaction during the first 9 days of infection. Of more than 7000
P. fijiensis genes identified, the fifteen most highly expressed genes (RPKM>500) were analyzed, and in silico characterization,
they were able to identify specific non-canonical effector candidates that may be fundamental to pathogenicity. This report

reveals essential details of a poorly-elucidated stage of the P. fijiensis-Musa sp. pathosystem.

Key words: Pseudocercospora fijiensis, transcriptomics, biotrophic stage, upregulated genes, effectors.

|
Introduction

Banana is the seventh most crucial crop globally, and its
production is seriously affected by multiple pests and disea-
ses. One of the most devastating diseases is the Black Leaf
Streak disease, commonly known as Black Sigatoka, caused
by Pseudocercospora fijiensis. This fungus can cause severe
damage to plant foliar tissue, diminishes the plant's photosyn-
thetic capacity, and reduces fruit yields. Fungal infection can
result in total plant death, and producers incur substantial los-
ses of up to 100% in some cases'?.

P. fijiensis is considered the most virulent species of the Si-
gatoka complex, which comprises the fungi P. musae, P. eumu-
sae and P. fijiensis®. The infection begins when newly released
fungal spores contact the banana plant's leaves and germina-
te on the leaf surface within 2 to 3 hours. Environmental condi-
tions that are wet and humid are required for germination. The
resulting germ tube grows epiphytically on the leaf surface for
2 to 3 days before it penetrates the leaf stomata through its
formed appendages, the appressoria or stomatopodia“. Other
reports have given a faster timeline; in greenhouse conditions,
the germ tube formed within 6 hours and penetrated the sto-
mata after 12 to 15 hours®. P. fijiensis has to complete two
stages of its infection as a hemibiotrophic fungus: biotrophic
and necrotrophic stages. In the biotrophic phase, the patho-
gen exclusively colonizes the intercellular spaces between
mesophyll cells and obtains nutrients from the host apoplast
without forming feeding structures called haustoria. The fun-
gus remains in this phase for 3 to 4 weeks before entering the
aggressive necrotrophic phase, marked by the appearance of
the characteristic black, necrotic spots, then streaks formed
on the leaves of the infected plant®.

In recent years, different studies have been done to un-
derstand the banana-P better Pfijiensis interaction. Although
many omic technologies have been developed, very little is
known of what occurs during the plant's early-stage P. fijiensis
infection. Gene expression analysis is useful for the identifica-
tion of genes involved in the plant-pathogen interaction. In one
of the earliest studies of P. fijiensis gene expression, cDNA Lli-

braries of P. fijiensis grown in different in vitro conditions were
compared to identify pathogenicity-related genes in the P. fi-
jiensis-Musa sp. Interaction”. More recently, a group of small,
cysteine-rich proteins called effectors has received particular
attention in P. fijiensis; several effectors have been predicted:
172 sequences by Arango-lsaza et al., 105 sequences by Chang
et al,, and 136 sequences by Carredn-Anguiano et al.®8°. As
a hemibiotroph, it is expected that P. fijiensis would produce
effector proteins and toxic secondary metabolites to manipu-
late the defense response of the host during late interaction,
as well as prevent host cell death during the fungal biotro-
phic phase. Noar and DaublO studied gene expression data
of P. fijiensis in 6-week infected leaves, in comparison with P.
fijiensis in vitro monoculture, resulting in interesting and valua-
ble information about the necrotrophic phase of the infection.
However, the fungus' repertoire during the biotrophic infection
stage is yet to be elucidated. Studying the biotrophic phase of
infection is challenging due to the limited quantity of biomass
produced by this relatively slow-growing fungus.

In this study, a transcriptome corresponding to the first 9
days of infection of banana cv. Dwarf Cavendish with P. fijien-
sis was analyzed to uncover pathogen genes that were upre-
gulated at the initial (biotrophic) stage of this plant-pathogen
interaction.

|
Materials and methods

Plant growth conditions

Seedlings were obtained from in vitro culture in the proli-
feration phase, according to Strosse et al.!'. Shoots of 3-4 cm
in height, with 2-3 formed leaves were separated and trans-
ferred to Murashige and Skoog (MS) medium without growth
regulators. The growth conditions were: 1000 to 5000 lux, 25
+ 10C, and a 16 hours light-8 hours dark photoperiod. After 30
days, plants 7 cm in height were subjected to acclimatization
in greenhouse conditions.
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Seedlings were removed from containers, roots were cut,
and seedlings were planted in trays containing a moist mix-
ture of soil: peat (1: 2 v/v). Plants were maintained for 8 days
at 80% relative humidity and watered every 8 days with Hoa-
gland solution*?. After 30 days, the plants that reached 15 cm
in height and had 5 new leaves were sown in plastic bags with
a mixture of soil and peat (2: 1 v/v). After three months, the
plants were ready for infection.

Conidiation

Conidia were produced according to Acosta-Suarez et
al*®. P, fijiensis strain C1233 was cultivated in 10 Petri dishes
with potato dextrose agar (PDA) medium for 14 days and then
transferred to 10 flasks, each with 50 ml of liquid potato dex-
trose broth (PDB) for an additional 14 days to obtain sufficient
biomass. Mycelium was harvested, finely macerated in aseptic
conditions and inoculated on PDA agar slants. Cultures were
incubated in constant white light at 20°C for 18 days until a
fine grayish layer was observed. The presence of conidia was
confirmed by microscopic observation.

Infection and sampling

Conidia were harvested and quantified using a Neubauer
chamber. The concentration was adjusted to 10° conidia ml*
with 1% gelatin for plant infection. The banana plants were
inoculated on the abaxial surface of the 2nd and 3rd leaves
with the conidial solution. For control plants, the leaves were
inoculated with a 1% gelatin solution. Sample collection was
carried out on days 0O, 3, 6, and 9 post-inoculation (3 plants
per data point). Samples were packaged, labeled, and frozen in
liquid nitrogen until extraction.

Total RNA extraction and transcriptome sequencing

RNA was extracted independently from each sample (0.5
g) using Concert™ Plant RNA reagent (Invitrogen), following
the manufacturer's instructions. For transcriptomics analysis,
a pool of all data points (5 ug of RNA from each point) was
prepared, i.e., each pool contained the biological replicates co-
rresponding to samples O, 3, 6, and 9 d post-infection. In total,
there were 6 pools: 3 for control samples and 3 for treatment.

Samples were sequenced at IBT facility (UNAM, Mexico)
on the Illumina NextSeq platform with paired-end sequencing
for 2x75 cycles.

Data analysis

The raw transcriptome data quality assessment was done
using FastQC (http://www.bicinformatics.babraham.ac.uk/pro-
jects/fastqc/) and fast trimmer to retain reads at least 75 bp
long with a minimum Phred quality score of 30. Clean reads

were obtained by removing the empty reads, adaptor sequen-
ces, and the low-quality sequences (reads with unknown base
pairs "N"). Once verified, the reads were mapped against the
reference genome of P. fijiensis strain CIRAD86, and the anno-
tation data for P. fijiensis genes was downloaded from JGI ge-
nome portal of P. fijiensis (https://mycocosm.jgi.doe.gov/Myc-
fi2/Mycfi2.home.html). To map the reads obtained from Musa
acuminata, we used the genome reported in Banana Genome
Hub (https://banana-genome-hub.southgreen.fr/). Alignment
of RNA Seq data (in BAM format) was done using SMALT. An
in-house python script was used to make in tandem modifi-
cations to the data. Each sequencing library had at least 10
million reads per sample.

To identify the P. fijiensis genes with the highest expression
during biotrophy, we normalized the quantification of the data,
i.e., the mean gene expression of each sample was expressed
as reads per kilobase per million reads sequenced (RPKM).
Using the formula "RPKM = (read count * 1049) / (read length
* total read count), the genes with the highest value of RPKM
were selected. Protein identifications and functional predic-
tions were obtained by searching for sequence homologs using
BlastP (E-Value 1.0E-'9) at GenBank; if an uncharacterized pro-
tein represented the most significant match in BlastP, the first
match in the list of homologous proteins where a protein func-
tion was available was considered. The taxonomic distribution
of homologs was established from BlastP results. Homology
with pathogenesis-related genes was determined by BLAS-
Ting in the Pathogen-Host Interaction (PHI) database (http://
phi-blast.phi-base.org/).

The computation of theoretical molecular weight (Mw),
amino acid composition, and cysteine content were performed
using the ExPASy Compute tool (https://web.expasy.org/). The
presence of a signal peptide was predicted using SignalP 4.1
(http://www.cbs.dtu.dk/services/SignalP/index.php). Informa-
tion about the subcellular protein localization was obtained
using WolfPsort (https://wolfpsort.hge.jp/) and LOCALIZERY.
Effector prediction was conducted with EffectorP 2.0 (http://
effectorp.csiro.au/). Domains were searched in the InterPros-
can database (https://www.ebi.ac.uk/interpro/search/sequen-
ce/), and motifs using MEME suite (http://meme-suite.org/
tools/meme).

|
Results and Discussion

Three libraries, each containing more than 10 million
reads, were obtained. In the infected samples, 82-86% of se-
quences mapped to M. acuminata while 3.8-7.8 % mapped to
P. fijiensis (Table 1).

Table 1. Number and percentage of sequences mapped with the genome of Musa acuminata and Pseudocercospora fijiensis.
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In total, 7144 genes of P. fijiensis were identified. Paying
attention to those genes with the highest expression, we found
40 genes with RPKM>200, and among these, nine with RPKM
>1000 and two with RPKM >3000 (Figure 1). Table 2 lists, in
descending order, the 15 genes with the highest expression
identified during P. fijiensis biotrophy, while Table 3 corres-
ponds to the in silico characterization of these genes.

The first two genes with the highest expression were co-
dified for small proteins with unknown function (Tables 2 and
3). Searching in the PHI database, both genes had a single hit
respectively: P. fijiensis protein 181247 matched with the trpA
gene of Aspergillus fumigatus and the protein 212585 with
PKS1 of Alternaria alternata. However, both queries match
the subjects on short fragments; protein 181247 shares 45%
identity in 30 of the 517 amino acids of the trpA protein, while
protein 212585 shares 27% identity in 55 of the 1484 amino
acids of the PKS1 protein. These genes are also expressed
during the necrotrophic phase of P. fijiensis infection, but with
much lower expression than found here during biotrophy, es-
pecially protein 212585 (Table S1 in Noar and Daub'?). There-
fore, although their functions are mostly unknown, it is possi-
ble to hypothesize that these proteins play essential roles in
the pathogenesis process of P. fijiensis, principally during the
biotrophic stage. The short fragments of the queries matching
the subjects were not enough to retrieve these genes when
BLASTed against the GenBank database. BlastP only retrieved
one subject in each case, uncharacterized proteins of P. fijiensis
CIRADS8G. These upregulated genes are, therefore, specific to
this pathogen.

The third-highest expressed gene of P. fijiensis in the
transcriptome corresponded to a Dol-P-mannosyltransferase.
Recently, Pham et al.* studied the biosynthetic machinery of
the cell wall of the obligate biotrophic Blumeria graminis f. sp.
hordei, and found that one of the most highly expressed en-
zymes was a Dol-P-mannosyltransferase. This economically
important pathogen of barley has large amounts of mannosyl
residues in its cell wall compared to other fungi; so, the high
expression of enzymes involved in the synthesis of N-glycans

in B. graminis f. sp. hordei is congruent. The high expression
of the Dol-P-mannosyltransferase in P. fijiensis suggests that
mannosyl residues play an essential role in the biotrophic sta-
ge of this fungus. During this stage, P. fijiensis needs to remain
undetected by the host to complete the infection process. Part
of the fungus' survival strategy is to maintain its cell wall, pre-
venting the detection of cell wall fragments by host receptors
that trigger plant defense responses that are detrimental to
the pathogen.

Protein families related to oxidoreduction are involved in
pathogenesis, secondary metabolite biosynthesis, and toxins
or drugs' detoxification. Tyrosinases are enzymes with oxi-
doreductase activity and are also virulence factors of necro-
trophic fungi*®'’. One of the most highly expressed proteins
found in our analysis was a tyrosinase. Similarly, a tyrosinase
was an enriched term in the transcriptome of the biotrophic
fungus Moniliophthora perniciosa during Theobroma cacao®,
and during the biotrophic phase of tomato and potato infec-
tion by Phytophthora infestans'®. The other highly expressed
redox protein found in the P, fijiensis transcriptome was a NA-
DPH-binding short-chain dehydrogenase (ID 89955). It appears
that short-chain dehydrogenases are under different temporal
regulation in P. fijiensis since during P. fijiensis necrotrophy, 11
upregulated short-chain dehydrogenases were found, most Li-
kely involved in secondary metabolism?®.

Similarly, a short-chain dehydrogenase was upregulated
specifically during the biotrophic phase of Colletotrichum gra-
minicola®, which supports this enzyme's finding in P. fijiensis
biotrophy. However, the role of tyrosinases and short-chain
dehydrogenases during the fungal biotrophy stage remains to
be determined. Other identified proteins involved in redox acti-
vity were a blue copper domain-containing protein (ID 210602)
and a cytochrome b561 domain-containing protein (ID 89281),
demonstrating the importance of electron transport and redox
homeostasis in the P. fijiensis biotrophic stage.

One of the upregulated genes codifies a glyoxalase 3 en-
zyme (GLY3), which catalyzes methylglyoxal (MG) conversion
to D-lactate in a glutathione-independent reaction. MG is pro-

Figure 1. Top 15 genes upregulated during the biotrophic stage of Pseudocercospora fijiensis infection of Musa acuminata cv

Dwarf Cavendish.
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duced during various abiotic stress conditions such as salinity,
drought, flooding, cold, heat, etc., as well as during biotic stres-
ses. The plants possess multiple DJ-1/Pfpl GLY3 to detoxify
MG, e.g., Zea mays have eleven GLY3, Sorghum bicolor has five
Musa acuminata has four?. In fungi, the first reports of identifi-
cation of GLY3 were in Saccharomyces cerevisiae and Candida
albicans, where GLY3 was associated with stress tolerance?.
To the best of our knowledge, the present work is the first re-
port of DJ-1/Pfpl GLY3 in fungal biotrophy, and it suggests that
the detoxification of MG is one important adaptive strategy of
P. fijiensis to colonize banana.

Table 2. Pseudocercospora
fijiensis genes with the highest
expression values during bio-
trophy phase infection of ba-
nana cv. Dwarf Cavendish.

For all pathogens, efficient nutrition is a prerequisite for
successful establishment. Among the upregulated genes
during biotrophy, there were genes involved in the uptake of
purines from the host environment (ID 64453), lipid transport
(ID 209571), and carbohydrate hydrolysis (ID 32637). Usually,
purine uptake is low in the fungal biotrophic stage, fueled by
de novo biosynthesis®?4, In another P. fijiensis study, aden-
ylosuccinate synthetase (AdSS) and orotidine 5’-phosphate
decarboxylase (OMP decarboxylase), key enzymes involved
in de novo biosynthesis of purines and pyrimidines, respecti-
vely, were identified in the cell wall proteomes of the highly
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Table 3. In silico characterization of the P, fijiensis genes with the highest expression observed during biotrophy phase infection

of banana cv. Dwarf Cavendish.

virulent Oz2b strain, signaling that these de novo biosynthetic
pathways are important for virulence of this pathogen?. Here,
another highly expressed enzyme during biotrophy was a puta-
tive purine permease, revealing that both routes are functional
in P. fijiensis. Other fungi are also versatile and can take up nu-
cleosides from the host and utilize nucleosides through their
salvage metabolism or de novo pathways?.

Interestingly, one of the top-expressed genes in P. fijiensis
is a predicted ribonuclease H-like protein. The phylogenetica-
lly-related fungus, Zymoseptoria tritici, secretes the ribonu-
clease effector Zt6 during wheat infection. The characterization
of Zt6 revealed toxicity against bacteria, yeasts, filamentous
fungi, and phytotoxicity on tobacco and wheat?. Ribonuclease
H-like proteins comprise a superfamily in the obligate biotroph,
Blumeria graminis, in which they are termed RALPHs; it is the
most extensive set of secreted effectors in this pathogen. Pen-
nington et al.?® demonstrated that the RALPH effector protein
CSEP0064/BEC1054 interferes with the degradation of host
ribosomal RNA and represses plant immunity. Since the ribo-
nuclease H-like protein (ID 154780) is upregulated during the
biotrophic stage in P. fijiensis, it is tempting to speculate that
it plays a similar role in the black Sigatoka disease as the B.
graminis CSEP0064/BEC1054 effector in powdery mildew di-
sease on cereals and grasses. However, its role in antimicrobial
competition and niche protection cannot be ruled out.

When BLASTing in the PHI database, most of the genes re-
trieved hits, but poor coverage and identity with their respective
hits were observed except genes 163142 and 32637. Three genes
have no hits at all (Table 3). Low conservation in pathogenicity-re-
lated proteins, especially effector proteins, is quite common.

Effectors play fundamental roles in pathogenesis, playing

diverse roles in camouflaging the pathogen, protecting the pa-
thogen from host defense mechanisms, suppressing said host
defenses, or attacking host cells. Effector identification can be
difficult; in most cases, effectors do not share homology with
other known proteins. Furthermore, not all effectors present
with the same characteristics, although a few have been esta-
blished to identify identification better. Canonical effectors are
predicted based on the small size (<400 amino acids), richness
in cysteine (>4 Cys or >2% per sequence), the occurrence of a
signal peptide, and absence of a transmembrane domain®. Other
criteria to identify in silico effectors include: high in planta ex-
pression, pathogenesis-related domains, and discontinuous ta-
xonomic distribution?. Besides, many effectors have unknown
functions, with no homologs in other fungi, or are homologous
only to closely-related organisms. To explore whether hypothe-
tical proteins of P, fijiensis with unknown functions are probable
effectors, they were further analyzed in silico. Table 4 presents
the possible effector candidates found in the P. fijiensis early in-
fection transcriptome. The two proteins found to be related to
fungal effectors were included in this list.

Restricted phylogenetic distribution in these genes (Table
4) is consistent with what is expected for effectors®. The ri-
bonuclease H-like protein and the Myb DNA-binding domain
TF have discontinuous taxonomic distribution; meanwhile,
the other four genes are exclusive to P, fijiensis, i.e., no hits in
other fungi. None of the six effector candidates meet canonical
characteristics; thus, these genes are probably non-canonical
effectors. The protein 212585 matches the Mig-14 Pfam do-
main, which is present in bacterial proteins and contributes to
bacterial resistance to antimicrobial peptides®. This effector
could enable P. fijiiensis to cope with host antimicrobials or to
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Table 4. P. fijiensis effector candidates with full expression during biotrophy on banana cv. Dwarf Cavendish.

compete inside the host against microbial endophytes to con-
quer the niche.

Like the proteins mentioned above, the proteins with IDs
181247 and 177270 are unique to P. fijiensis, but have no identi-
fiable domains. Many effectors have shown to be unique to their
pathogens as they evolve in specific interactions with the host.

In the motif analysis, only the protein corresponding to ID
154780 contained a motif: the G[IFY][ALST]R motif (p-value of
4.35e-%), which has been found in secreted pathogenicity-re-
lated proteins expressed in the haustoria of the biotroph Flax
rust and effector proteins secreted by Puccinia triticina®34,
another biotrophic fungus. Therefore, this motif in protein
154780 is consistent with its role in the biotrophic stage.

Modulation of gene expression requires the participation of
transcription factors (TFs). The protein 122733 contains a Myb
DNA-binding domain, which is a large and ubiquitous family of
TFs. In Fusarium graminearum, the mutation of the nuclear
protein MYT3, a Myb-Like TF reduced pathogenicity®. Another
putative TF was identified among the top 40 genes with the hi-
ghest expression. This protein (ID 213137) is a nucleic acid-hin-
ding protein, a putative zinc finger C2H2-type TF. Zinc-finger
proteins (ZNFs) are ubiquitous proteins able to interact with
DNA, RNA, and other proteins. ZNFs are involved in some pro-
cesses such as transcriptional regulation, ubiquitin-mediated
protein degradation, signal transduction, DNA repair, and cell
migration. In the fungus, Ustilago maydiis, the transcription fac-
tor Mzrl, a Cys2His2-type zinc finger, regulates fungal gene
expression during the biotrophic growth stage®. Bioinformatic
characterization of the protein 213137 predicts nuclear locali-
zation, which supports that protein 213137 plays a similar role
in P. fijiensis as does Mzrl in U. maydis.

|
Conclusions

This is the first report that focuses on the identification
and in silico characterization of genes involved in the biotrophic
stage of infection of P. fijiensis, the causative agent of the black
Sigatoka disease of banana. Our transcriptomic analysis suc-
cessfully uncovered P. fijiensis proteins involved in repressing
host defense immunity and coping with environmental condi-
tions inside the host. Six of the upregulated genes are effector

candidates, three of them with novel, unknown functions.
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Resumen: En el Laboratorio de Estudios de la Madera de la Facultad de Ciencias Agrarias y Forestales de la Universidad
Nacional de La Plata, Argentina, se implementa el proyecto de desarrollo tecnoldgico denominado Métodos y tecnologias de
propagacion y domesticacion de plantas para el desarrollo de una bioeconomia local basada en la biodiversidad. EL objetivo
del mismo es desarrollar, optimizar y adaptar nuevas metodologias y tecnologias de propagacién y conservacién de recursos
genéticos vegetales para la produccion de plantas en nuevo escenario de la bioeconomia nacional. La diversidad estd en la base
de la bioeconomia, y muchas veces el material vegetal para plantar para diferentes fines es escaso. Las especies contempladas
en éste proyecto son: Quercus sp.; Polylepis tarapacana; Prosopis alpataco, Eranthemun pulchelum y Heteropteris angustifolia
Griseb. En este trabajo se comunican algunos de los avances alcanzados aplicando diferentes enfoques para la produccién de
plantas de calidad (semillas, cultivo de tejidos in vitro, macropropagacion y plantines en contenedores)

Palabras clave: Bioeconomia, Quercus, Prosopis alpataco, Polylepis, Eranthemun pulchelum y Heteropteris angustifolia.

Abstract: The Timber Research Laboratory of the Faculty of Agricultural and Forestry Sciences of the National University of La
Plata (LIMAD), Argentina, implements the technological development project called Methods and technologies of plant propagation
and domestication for the development of a local bioeconomy based on biodiversity. Its objective is to develop, optimize and adapt
new methodologies and technologies for the propagation and conservation of plant genetic resources for the production of plants
in a new scenario of national bioeconomy. Diversity is at the base of bioeconomy, and often planting plant material for different
purposes is scarce. The species covered by this project are: Quercus sp. (exotic forest); Polylepis tarapacana (native forest); Prosopis
alpataco. (multipurpose native forestry), Eranthemun pulchelum and Heteropteris angustifolia Griseb (ornamental species of great
potential and use in green roofs). This work communicates some of the progress made by applying different approaches to the

production of quality plants (seeds, in vitro tissue culture, macro propagation and seed container planting)

Key words: Bioeconomy, Quercus, Prosopis alpataco, Polylepis, Eranthemun pulchelum and Heteropteris angustifolia.

|
Introduccion

El auge actual de uso de especies vegetales nativas y exé-
ticas para usos multiples y la falta de estudios de sus siste-
mas de multiplicacion, obliga no solo a mejorar los métodos
de conservacion sino también a mejorar los métodos de pro-
pagacion sexual y asexual, la calidad del material de siembra
o plantacion a campo y los métodos de cultivo. La propagacion
de plantas ha sido ampliamente reconocida como una prdctica
fundamental en el campo de las ciencias agricolas ya que de
la calidad de la semilla boténica o material vegetativo que se
utilice, va a depender el resto del proceso productivo. De algu-
nas especies de interés, falta material de propagacién genéti-
camente mejorado y faltan conocimientos tecnoldgicos para
llevarlo al cultivo y manejarlo a campo en forma eficiente. Es
por ello que se deben abordar las diferentes soluciones para
ir sentando las bases del conocimiento y desarrollo tecnold-
gico para finalizar con la entrega a la sociedad de productos
concretos de material de propagacién mejorado y tecnologia
para su cultivo eficiente. Este tipo de investigacidon permitiria
generar material de propagacion genéticamente adecuado y
desarrollar la innovacidon necesaria para introducir al cultivo
especies de uso actual o potencial estableciendo las bases
tecnoldgicas para un programa de mejoramiento genético a

largo plazo?, la domesticacion y la disponibilidad de material
para realizar paisajismo, forestacion y restauracién eco sisté-
mica. En el Laboratorio de Estudios de la Madera (LIMAD) de
la Facultad de Ciencias Agrarias y Forestales de la Universidad
Nacional de La Plata, Argentina, se implementa el proyecto
de desarrollo tecnoldgico denominado Métodos y tecnologias
de propagacién y domesticacion de plantas para el desarrollo
de una bioeconomia local basada en la biodiversidad. EL ob-
jetivo del mismo es desarrollar, optimizar y adaptar nuevas
metodologias y tecnologias de propagacién y conservacién
de recursos genéticos vegetales para la produccién de plan-
tas en nuevo escenario de la bioeconomia nacional. La diver-
sidad estd en la base de la bioeconomia, y muchas veces el
material vegetal para plantar para diferentes fines es escaso.
Las especies contempladas en éste proyecto son: Quercus
sp. (forestal exdtica); Polylepis tarapacana; Prosopis alpataco,
Eranthemun pulchelum y Heteropteris angustifolia Griseb. La
seleccidn de las especies se realizé en primer lugar en base a
su uso actual o potencial, definida como las potencialidades de
la especie para una buena adaptacién a crecer y desarrollarse
en condiciones de cultivo, razonable velocidad de crecimien-
to, adecuada calidad para asegurar un producto diferenciado y
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un reconocimiento actual de la misma sobre posibilidades del
mercado que allane el camino futuro de su comercializacion.
Adicionalmente, se tuvo en cuenta la erosion genética sufrida
por las diferentes especies (estrechamente relacionada con la
demanda actual o pasada) y la necesidad urgente de definir e
instalar unidades de conservacion para mantener la poblacion
base del programa de domesticacién y mejora a largo plazo.
LLa producciéon masiva de plantas mediante la combinacion de
sistemas de propagacion tradicionales, macro y micropropa-
gacion (biotecnologias), los ensayos de aclimatacion de las
plantas y el establecimiento a campo, permitiria producir facil-
mente plantas en periodos de tiempo corto. En este trabajo se
comunican algunos de los avances alcanzados.

Las especies

Polylepis tarapacana es un arbol de habito simpddico, pre-
sentando un tronco corto y pudiendo alcanzar tres metros de
altura® Es tolerante a las heladas, minimizando el dafio tisular
por su capacidad de sobreenfriamiento y reducir la pérdida de
agua por control estomatico*S, Las hojas son perennes®, y la
floracion se produce en un amplio perfodo de tiempo, mientras
que la maduracion de frutos ocurre entre los meses de abril y
junio’. Los bosques de P. tarapacana se encuentran en la pro-
vincia fitogeografica Altoandina de la Argentina, presentando
un clima frio y seco con precipitaciones en forma de nieve o
de granizo en cualquier época del afio®°. El objetivo de esta
parte de la investigacién fue determinar la produccion, biome-
tria y viabilidad de flores y semillas en arboles y arbustos de
P. tarapacana, como primer paso para caracterizar su biologia
reproductiva en vistas a su conservacion y propagacion.

Prosopis alpataco es una especie arborea de Sudamérica,
de la familia de las leguminosas, que habita el centro oeste
de Argentina, la ecorregién de Gran Chaco y zonas semiaridas
del Noroeste Argentino, Cuyo y la Patagonia argentina. Es una
especie clave del Monte, una de las ecorregiones sudamerica-
nas mas amenazadas. En esta regidn, varios factores limitan
la produccién de las plantas nativas, entre ellas el descono-
cimiento de su sistema de reproduccidn, el ajuste de técnicas
de propagacion sexual y asexual y el comportamiento a campo
de estas plantas propagadas. P. alpataco se propaga natural-
mente por semillas, y se ha logrado ajustar la embriogénesis
somatica'®; sin embargo, no hay reportes previos de la propa-
gacion in vitro por organogénesis. El objetivo de esta parte de
la investigacion fue micro propagar via organogénesis, explan-
tes de alpataco con el objeto de multiplicar masivamente esta
planta.

Eranthemum pulchellum A. es una especie de la familia
Acantaceae, de origen asiatico e introducida en Argentina con
fines paisajisticos. Es un arbusto perenne y de muy amplia ra-
mificacidn. Posee una extraordinaria floracion color azul fran-
cia en pleno invierno y sus hojas color verde brillante le otor-
gan un gran atractivo visual. Es una planta que puede alcanzar
1,6-1-8 m de altura y un didmetro de mata de 1,2-1,5 m. (su
répido crecimiento le permite alcanzar el tamafio definitivo en
una sola temporada). Se adapta a situaciones de bajas tempe-
raturas, aungue no soporta heladas ni temperaturas cercanas
a cero grados o bajo cero. Bajo estas situaciones no muere la
planta, pero si tiene una defoliacion importante; luego rebro-
ta en primavera bajo temperaturas calidas. En estos casos se
pierde su floracion de fines de invierno. Las excepcionales flo-
res de color azul profundo son pequefias, estan compuestas
de cinco pétalos y dos largos filamentos, que se producen en
espigas terminales y erectas y que se alzan por encima del
conjunto de la mata.

Heteropteris angustifolia es una especie de la familia Mal-
pighiaceae, nativa endémica de Argentina, Brasil, Paraguay y
Uruguay. Es un arbusto caduco, que puede alcanzar los 2,5
m de altura. Posee una floracién amarilla que convive con su
fruto sdmara color rojo en primavera, verano y parte del oto-
fio. Produce un didmetro de mata de 1-1,5 m. y se adapta fa-
cilmente a situaciones de sequedad temporal. Es una planta
heliofila, aunque puede sobrevivir bajo dosel arbdreo. Soporta
heladas y bajas temperaturas sin inconvenientes. Posee flores
amarillas en una inflorescencia terminal, en racimos termi-
nales o axilares y fruto sémaras rojizas de 2-2,5 cm de largo.
Eranthemum pulchellum A'y Heteropteris angustifolia tienen
uso ornamental. El objetivo de esta parte de la investigacion
fue avanzar en la etapa 1 de conformacion de las plantas ma-
dre en invernadero para su posterior propagacion. De manera
simultanea, se probaron plantaciones in situ de plantas obteni-
das a partir de esquejes.

Quercus robur L (roble europeo) es una especie originaria
de Europa occidental, se distribuye desde el Océano Atléntico
al este hasta los montes Urales y el Mar Caspio al Oeste, y
desde Escociay el sur de Escandinavia hasta Espafa, norte de
Africa y Turquia**2 con una distribucion altamente influencia-
da por la actividad humana®® que se adapta a distintas zonas de
nuestro pais, entre ellas la regidn de la pampa ondulada. Esta
especie reviste interés forestal para su uso como madera entre
otros. El objetivo de esta parte de la investigacion fue contri-
buir al conocimiento dela supervivencia y crecimiento inicial
de forestaciones con roble europeo en macizos en la zona de
La Plata, Argentina. Especificamente se propuso estudiar la
supervivencia y el crecimiento inicial aéreo de las plantas en
un sistema de macizo.

|
Materiales y métodos

Polylepis tarapacana

Se analizaron 17 de un total de 96 arboles (individuos con
una altura mayor a 1,3 m) y arbustos (individuos con una al-
tura menor a 1,3 m) de P. tarapacana. Las muestras fueron
colectadas en las localidades de Casa Colorada, Liviara, Mina
Pirquitas, Susques y Coyahuaima en la provincia de Jujuy, con
una altitud entre 4375y 4620 m s. n. m. A estos 17 individuos
se les midié la altura (H - cm) y el didmetro en la base (DAB -
cm) con cinta diamétrica. Se utilizd el método de relacién del
diametro'* para la estimacion de la produccién de flores y se-
millas, contando el nimero de flores y semillas en dos ramas
de un individuo y extrapolando al resto de las ramas del arbol.
En laboratorio se identificaron como flores aquellas que aun
conservaban los estambres y fruto cuando no se observaron,
observandose claramente un mayor desarrollo del fruto (Fi-
gura 1). La produccién de semillas se calculd para arboles y
arbustos ya que se observaron diferencias en la produccién
de semillas debido al porte forestal en Polylepis tomentella
Wedd., Rosaceae (especie de caracteristicas similares y que
habita en el rango altitudinal inmediato inferior a P. tarapaca-
na)*®, encontrando una relacion positiva entre el tamano de las
ramas de los drboles y la produccién de flores y frutos. Se
aplicd un ANOVA de una via entre la produccién de flores y
frutos tomando como factores a los arboles y arbustos. A su
vez se realizo un andlisis de regresion lineal en arboles (Ar) y
arbustos (a), relacionando el diametro en la base (DAB) y la
altura (H - cm) con la produccion de flores y frutos.
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Figura 1. Izquierda: flor de Polylepis tarapacana con estambres. Derecha: fruto Polylepis tarapacana.

Prosopis alpataco

Se utilizaron segmentos nodales intercalares y apicales
como explantes. Los mismos fueron cultivados en envases de
vidrio conteniendo el medio de cultivo Murashige-Skoog (MS)'®
completo sin reguladores de crecimiento (control) o suple-
mentado con diferentes concentraciones de acido naftalena-
cético (ANA: 1, 1,5y 3 mg/l). Los frascos fueron mantenidos en
cuarto de cultivo, a 25 + 2 °C y con ciclo de luz / oscuridad de
16/ 8 horas de luz. Se cultivaron 15 secciones nodales por tra-
tamiento y se realizaron tres repeticiones. A los 30 dias de cul-
tivo in vitro se evaluo el porcentaje de enraizamiento, longitud
de raices, formacion y nimero de callos y nimero de brotes. La
formacion de nuevos brotes fue evaluada con la cuantificacion
del numero de explantes que produjeron brote y el nimero de
brotes presentes por explante. Mediante un seguimiento histo-
légico, se determing el lugar de inicio de formacién de brotes y
las caracteristicas anatémicas de los foliolos formados in vitro.

Eranthemum pulchellum A

La formacion de plantas madre se realizd sobre cajones
de 0,5m por 0,6 m de lado y 0,3 m de profundidad, con sustra-
to formado con 15% de perlita, 15% de arena y 70% de com-
post orgdnico. La multiplicacién fue mediante estacas de 15
cm de largo, sin hojas o con brotes axilares, que fueron colo-
cadas de manera vertical manteniendo la polaridad respectiva
y enterradas 7 cm en el sustrato. La plantacion se realizé en
la primavera del afio 2019 una vez culminada la floracién de
invierno. Se realizé un riego regular para mantener el sustrato
humedo. Al cabo de un mes de realizada la plantacion, las es-
tacas comenzaron un crecimiento pleno, llegando a conformar
la mata para florecer a fines del invierno del afio 2019. Se ob-
tuvieron 15 plantas madre, de las cuales se obtiene el material
vegetal de estacas de calidad, homogeneidad y cantidad para
la realizacion de los ensayos (Figura 2). De manera paralela,
se realizaron plantaciones in situ de plantines de Eranthemun
pulchellum A. (Figuras 3y 4) en situaciones de techos verdes
intensivos en pulmones de edificios que tienen la caracteristica
de muy baja disponibilidad luminica.

Heteropteris angustifolia Griseb

Durante el afio 2019 se realizd la cosecha de semillas en
plantas previamente identificadas y seleccionadas por carac-
teres fenotipicos de forma de mata, intensidad de floracion y
fructificacion y crecimiento general. La planta proveedora de

Figura 2. Detalle de flor de planta madre de Eranthemun
pulchellum. Invernadero de la Facultad de Ciencias Agrarias
y Forestales. Universidad Nacional de La Plata. Octubre 2020.

semillas se encuentra ubicada en el Jardin de la Memaria de
la Facultad de Ciencias Agrarias y Forestales, La Plata, Argen-
tina. Se utilizaron las semillas sin tratamiento previo y fueron
sembradas en almdcigos en los meses de agosto y septiembre.
Al cabo de dos meses se trasplantaron a su lugar definitivo
en tierra mejorada para la provisién de semillas de calidad. La
plantacion de plantas madre se realizd sobre tierra mejorada
en un 15% con perlita y un 15% con arena, buen drenaje y riego
y desmalezado durante el primer afio. La plantacién se realizd
en el verano del afio 2019.
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Quercus robur L.

Ubicacion del ensayo: Estacion Experimental Julio Hirs-
chhorn. FCAyF — UNLP. Los Hornos, Pdo. de La Plata.

Descripcion de sitio: sitio de loma con antecedentes de
cultivo agricola. Unidad Cartografica Etch (Etcheverry). 50%
Etcheverry (Paleudol tipico), 50% Ignacio Correa (Paleudol
acuico). El sitio de emplazamiento corresponde a la serie Et-
cheverry que es el de mayor calidad de la unidad cartografica.

Tipo de ensayo: Parcela demostrativa.

Disefio: monobloque. Espaciamiento 4m x 2,5m. Superfi-
cie: 0,5 ha.

Preparacion del terreno: laboreo en fajas, que incluyd 1
pasada de arado de reja y vertedera, 1 pasada de disco, 1 pa-
sada de camellonadora, 1 pasada de rotovador y 1 pasada de
subsolador en el centro del camelldn. Todas las labores reali-
zadas en julio 2019.

Plantacion: agosto 20189, utilizando plantas a raiz desnuda
(0+1) obtenidas a partir de semilla cosechada de arboles se-
lectos del Parque Provincial Pereyra Iraola (Berazategui, BA).

Al momento de recepcion de las plantas del vivero, se obser-
vo que una fraccion de estas conservaba las hojas secas adheri-
das al tallo, mientras que las restantes habian perdido totalmen-
te las hojas. La distribucion espacial de estas 2 clases de plantas
fue al azar en la parcela. Todas las plantas tenian una altura de
entre 0,6 y 0,8m y un buen sistema de raices en cabellera.

Evaluacién: medicion de Altura total (en cm) con regla a

Figura 3 y 4. Plantacion in situ en techo verde en patio interno Ciudad Auténoma de Buenos Aires. Afio 2018.

todas las plantas. Estimacion de porcentaje de sobrevivencia
(sobrevivencia %) del total de las plantas del ensayo. Registro
de plantas afectadas por hormigas y liebres. Se realizaron 3
mediciones durante la primera temporada de crecimiento, en
noviembre 2019 y febrero y junio 2020.

|
Resultados

1. Polylepis tarapacana

Se observaron diferencias significativas en la produccion
de flores (p=0,0118 F: 8,21) y frutos (p = 0,0052 F: 10,65) para
arboles (Ar) y arbustos (a). Las medias observadas fueron de
83,6 flores en arbustos y 630,8 en arboles; la produccién de
frutos fue de 189,0 en arbustos y 874.8 en arboles. No encon-
tramos diferencias significativas en la relacion entre la produc-
cion de flores y la suma de flores y frutos (p = 0,4004 F = 0,75)
con medias de 0,37 para arbustos y 0,49 para arboles. Los
resultados de la regresion lineal entre produccion de flores y
el tamafo de la base de los individuos (DAB) muestran una
tendencia significativa (R2:62,59) positiva (Produccion Flores
=-240,321 + 50,2284 * DAB), al igual que entre produccion de
frutos y el DAB (R% 43.3685; Produccién de Frutos = -57,5761
+ 48,3744 * DAB) (Figura 5). Lo mismo se observd entre la
altura (H) y la produccién de flores (R% 76.6305; Produccién

Figura 5. Regresidn lineal entre produccidn de flores y frutos y el didmetro en la base (DAB) en drboles y arbustos de Polylepis

tarapacana.
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Figura 6. Regresion lineal entre produccion de flores y frutos, y la altura (H cm) en drboles y arbustos de Polylepis tarapacana.

Flores =-515,589 + 6,94084 * H) y frutos (R% 42.8716; Produc-
cion de Frutos = -242,128 + 6,00652 * H) (Figura 6).

Estos resultados exploratorios son un indicador de la pro-
duccion de flores y frutos de la especie. De esta manera pode-
mos inferir la cantidad de semillas a producir en cada estacién
de reproduccidn, para estimar la capacidad de regeneracion de
estos bosques. En una segunda etapa del proyecto, se comple-
tara el conteo de flores y frutos y al material colectado se le
realizara el analisis de viabilidad, peso y tamafio de semillas
para correlacionar estos resultados con los diferentes sitios
muestreados. Es necesario aumentar el nimero de muestras
y de observaciones para disefiar nuevos modelos con mejor
ajuste estadistico para poder realizar las estimaciones.

2. Prosopis alpataco

La Tabla 1 muestra la respuesta morfogénica de los ex-
plantes cultivados en medios MS con diferentes concentracio-
nes de ANA (0-1-1,5-3mg/l), después de 30 dias de cultivo in
vitro. ELl andlisis estadistico reveld que no existen diferencias sig-
nificativas (p< 0,05) entre los distintos tratamientos realizados.

Como se desprende la Tabla 1, el nimero de secciones
nodales enraizadas fue superior en la mayor concentracién
evaluada de ANA (3 mg/l). Sin embargo, de la comparacién de
las longitudes de las raices obtenidas en cada caso, surgié que
las correspondientes a este tratamiento (t3) fueron las que
raices que menor longitud presentaron. El nimero de seccio-
nes nodales que formaron callos fue en aumento, a medida
que la concentracién de ANA fue mayor. Lo opuesto ocurrid
con los brotes obtenidos, donde el mayor nimero de explantes
que produjeron brotes se observé en el tratamiento sin regu-
ladores de crecimiento (control) y el menor (18,75) en ANA 3
mg/L. EL tratamiento control produjo un promedio de 6 brotes
/ explante sin embargo éstos permanecieron sin elongar en el

mismo medio de cultivo (Figura 7).

Se observaron diferencias cualitativas en el tipo de res-
puesta organogénica, segun el explante inicial utilizado. Cuan-
do el material vegetal consistid en secciones nodales apicales,
se formaron callos intercalares con brotes, mientras que el
cultivo de secciones intercalares favorecié el proceso de en-
raizamiento a partir de un callo formado en la zona de corte
de los explantes. Los callos obtenidos a partir de secciones
nodales presentaron capacidad morfogénica (obtencion de
brotes y/o raices) y, a pesar de tratarse de una especie lefiosa,
no se registraron problemas de oxidacion. En la Figura 8 se
muestran secciones nodales enraizadas obtenidas mediante
organogénesis indirecta e indirecta.

3. Eranthemum pulchellum A 'y Heteropteris angustifolia

Los resultados exploratorios para establecer plantas ma-
dre para propagacién, y evaluar su comportamiento muestran
que Eranthemum pulchellum tiene una excelente adaptabili-
dad a situaciones de sombra y media sombra, logrando una
expresion paisajistica plena en cuanto al desarrollo de follaje y
la floracion a fines de invierno. En este momento, se encuentra
en evaluacion la medicion de la radiacion fotosintéticamente
activa y variables ambientales en cada una de las situaciones a
los fines de poder evaluar el limite de crecimiento y modelizar
las situaciones en las que se puede utilizar el material vegetal.
Respecto a Heteropteris angustifolia se logré su crecimiento y
la produccion de las primeras semillas durante el afio 2019-
2020 (Figuras 9y 10).

4, Quercus robur

La sobrevivencia general de las plantas dispuesta en el
ensayo, transcurridos 10 meses, es baja (58%), aun cuando

AMA  Enrgizamiento Raiceslexplante Long de Explantes Explantes
(mgh) (%) (n*) raices{cm) con brotes con

(%) callos %) Tabla 1. Efecto del acido naftalenacético
too 460 1,00 580 8115 10 (ANA) sobre la organogénesis directa e
t1 1 16.67 100 180 5913 16.66 |nd|rectalde secciones Qoplates 'de P alpa-

taco cultivadas en condiciones in vitro.

tz15 16,67 1.00 150 3333 3883
t33 3Tnd 167 107 18,75 47,51
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Figura 7. Multiples brotes obtenidos por organogénesis indirecta de secciones nodales de P. alpataco cultivadas en MS libre de
reguladores de crecimiento.

-».

Figura 8. a y b) enraizamiento de secciones nodales via organogénesis directa de P. alpataco; c) enraizamiento de secciones
nodales via organogénesis indirecta.

Figura 9 y 10. Plantacién de plantas madre para provision de semillas. Provincia de Buenos Aires. Afio 2019.

Tabla 2. Resultados preliminares lue-
go de una temporada de crecimiento de
plantas de Quercus robur, en la Estacion
Experimental Julio Hirschhérn. FCAyF -
UNLP. Los Hornos, Pdo. de La Plata.
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se realizaron 3 riegos durante el verano. Se observa un fuer-
te descenso de la sobrevivencia durante los meses de verano,
pasando de 89% en noviembre 2019 a 68% en febrero 2020
(Tabla 2).

El anélisis de los registros climaticos obtenidos del Bole-
tin Agrometeoroldgico Mensual de la Estacion Experimental
Julio Hirschhérn sefialan un periodo seco que se extendid du-
rante todo el verano, con un almacenaje de agua en el perfil
gue no supero el 50% de capacidad de campo (300mm hasta
1m de profundidad en el suelo local), determinando una situa-
cion de almacenaje de sequia (Tabla 3).

Esta situacion climatica tuvo su correlato en la condicion
del suelo en las fajas laboreadas donde puntualmente se colo-
caron las plantas, al producirse importantes grietas y rajadu-
ras asociadas a la contraccion de las arcillas ante la deseca-
cion del perfil del suelo laboreado. Este fenémeno se observd
en muchas de las plantas muertas, cuyos sistemas de raices
fueron afectados por los procesos de contraccién y expansion
del suelo producto de la fuerte desecacién. Esto nos lleva a
pensar que, dentro de la técnica de plantacién manual con
pala de punta, el aporque y apisonado constituye una tarea de
singular importancia que debe realizarse muy cuidadosamen-
te. Durante el periodo entre mediciones de altura, esta variable
registré un incremento de apenas 2 centimetros en promedio.
Este valor, aparentemente bajo, ha de interpretarse tenien-
do en consideracion el crecimiento lento de esta especie, las
condiciones de fuerte sequia antes descripta, y que se trata de
plantas en proceso de instalacion. En relacion a la presencia o
no de hojas secas unidas en las plantas al momento de planta-
cion eninvierno 2019, se realizd un seguimiento de la brotacién

de los 2 grupos, con el propdsito de detectar posibles diferen-
cias en esta variable. Los resultados indican que las plantas
con hojas presentaron mayor mortalidad post plantacién que
aquellas sin hojas (Figura 11).

Los resultados, aunque preliminares, podrian aplicarse
para seleccionar los materiales de propagacion en el vivero,
evitando en la medida de lo posible emplear plantas que man-
tengan adheridas las hojas en invierno. No obstante, es nece-
sario continuar con estudios en este tema. Durante el invierno
2020 se realizé una reposicion parcial de las plantas muertas,
a fin de completar la parcela. Se prevé continuar con la me-
dicién anual del ensayo puesto que para la regién no existen
antecedentes documentados de cultivo en plantaciones fores-
tales con objetivo maderable de Quercus robur L.

|
Conclusiones

Se presentaron resultados preliminares sobre la propaga-
cion de algunas especies de interés para Argentina que tienen
diversos usos. Se ha logrado avanzar en el conocimiento de
la produccion de semillas de Polylepis tarapacana, lefiosa de
importancia en bosques de altura. En Prosopis alpataco se in-
dujo organogénesis indirecta in vitro. Se avanzé en la macro
propagacion de dos especies ornamentales interesantes para
techos verdes y paisajismo. Si bien son resultados explorato-
rios, estos indican que el propdsito integrador de este Proyecto
puede alcanzarse. Esperamos generar conocimiento para la
caracterizacion, conservacion in situ y ex situ y propagacion de
bajo costo de germoplasma vegetal con el fin de mantener la

Tabla 3. Registros agroclimaticos para el periodo
post plantacién en la Estacion Experimental Julio
Hirschhorn. FCAyF — UNLP. Los Hornos, Pdo. de La
Plata.

Figura 11. Sobrevivencia de las plantas en el campo, de acuerdo al tipo de planta que proviene del vivero.
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diversidad bioldgica, y proveer a diferentes usuarios de mate-
rial vegetal de calidad, con su paquete tecnoldgico asociado
(protocolos de propagacion, produccion en viveros, y mane-
jo a campo) para posicionarnos en el nuevo paradigma de la
economia circular o bioeconomia basada en la biodiversidad y
la biotecnologia. La produccién de plantas para abastecer un
mercado cada vez mds demandante en cantidad y calidad, re-
quiere, sin duda, de un sistema eficiente de propagacion, que
incluya el uso de técnicas tradicionales y de las biotecnologias.
Asegurar que los productores, silvicultores, paisajistas y res-
tauradores tengan un acceso oportuno a semillas y a mate-
rial de propagacién de buena calidad es uno de los elementos
maés importante de una produccion y desarrollo exitosos'. El
grupo de trabajo, dentro del LIMAD, apunta a convertirse en
proveedor de tecnologia basica para la produccion de algunas
especies vegetales de multiples usos, para las cuales se esta
completando su caracterizacion y sistema de reproduccion. EL
paquete tecnoldgico a desarrollar incluira la asesoria especia-
lizada y, eventualmente, el desarrollo de nuevos productos, ya
gue las técnicas a instalar pueden extenderse a otras especies
gue demande el mercado.

|
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Resumen: Se ha informado que la infeccidn por SARS-CoV-2 tiene al menos tres aspectos: la capacidad patogénica del virus,
la susceptibilidad y la interaccién virus-huésped en un ambiente. Para varios virus, estd demostrado que tienen receptores
celulares especificos de unién con las células y son determinantes en la entrada o no del virus a las células. Para el virus SARS-
CoV-2, se conoce que el receptor ACE2 (Enzima Convertidora de Angiotensina 2), es clave para que el virus se adhiera a la
membrana celular del epitelio pulmonar, al neumocito. El receptor ACE?2 tiene su gen especifico con el mismo nombre localizado
en el cromosoma Xp22.2 y tiene a su vez interacciones con algunos genes. Nos propusimos encontrar interacciones de proteinas
que tengan relacién con la entrada, sintomatologia y progreso de la COVID-19 y con otras proteinas similares o coadyuvantes.
Estas interacciones son extremadamente importantes para entender la fisiopatologia de la enfermedad y los diversos grados
de afectacién que se han observado asintomaticos, leves, moderados, graves y criticos, lo que se conoce como heterogeneidad
clinica. La heterogeneidad en los sintomas es probable que refleje una heterogeneidad de interacciones de proteinas que se
encuentran interrelacionadas con la infeccién por el virus COVID-19 y su correlacion entre si. La meta final es encontrar los
genes que comandan estas interacciones proteicas y asociarlas con la variacion clinica. Este es un estudio inicial de interactoma
proteico para continuar con el analisis de proteinas especificas y sus variantes en la poblacion ecuatoriana.

Palabras clave: Interactoma, ACE2, SARS-CoV-2, interaccion de genes, predisposicion.

Abstract: The SARS-CoV-2 infection has been reported to have at least three aspects: the pathogenic capacity of the virus,
susceptibility, and virus-host interactions. For several viruses, it has been demonstrated that they have specific cell-binding
receptors and are determinant in whether or not the virus enters the cells. For the SARS-CoV-2 virus, the ACE2 receptor (Angiotensin
Converting Enzyme 2) is known to be critical for the virus to adhere to the cell membrane of the lung epithelium, the pneumocyte.
The ACE?2 receptor has its specific gene with the same name on the Xp22.2 chromosome and has interactions with some genes. We
set out to find protein interactions related to the entry, symptomatology, and progress of COVID-19 and other similar or adjuvant
proteins. These interactions are fundamental to understanding the disease's physiopathology and the different degrees of affectation
observed asymptomatic, mild, moderate, severe, and critical, known as clinical heterogeneity. The heterogeneity in the symptoms is
likely to reflect the heterogeneity of protein interactions related to the infection by the virus COVID-19 and its correlation between
them. The final goal is to find the genes that command these protein interactions and associate them with a clinical variation. This
is an initial study of protein interaction to continue with analyzing specific proteins and their variants in the Ecuadorian population.

Key words: Interactome, ACE2, SARS-CoV-2, genes interactions, predisposition.

|
Introduccion

Existen informes que la infeccion por el coronavirus
SARS-CaV-2 a humanos tiene al menos tres aspectos inte-
rrelacionados, la capacidad patogénica del virus, la suscepti-
bilidad o resistencia del huésped a la infeccidn que tiene que
ver con la genética e inmunidad, y la interaccién virus-huésped
en un ambiente (micro o macro) determinado, es decir efectos
epigenéticos'®,

Se ha estudiado muchos procesos de infecciones virales,
bacterianas, micoticas y parasitarias, en que las propiedades
bioldgicas y moleculares del organismo infectante, no son las
Unicas para que se produzca una infeccién. Para los virus, se
conoce que los receptores celulares especificos de unién con
las células son determinantes en la entrada o no del virus a
las células. Asi por ejemplo el VIH, necesita de los receptores
CCR5y CXCR4 para que el virus se adhiera a la célula y deposi-
te su material genético en su interior“S. La interaccion, protei-
na viral con receptor celular en el SARS-CoV-2 es clave para la
enfermedad, aunque la totalidad de sus receptores especificos
no se los conoce con exactitud.

Se conoce que el receptor ACE2 (Enzima Convertidora de
Angiotensina 2) es clave para que el SARS-CoV-2 se adhiera a
la membrana celular del epitelio pulmonar, al neumocito®®. Por
tanto, encontrar las interacciones de esta proteina con otras si-
milares o coadyuvantes, es extremadamente importante para
entender la fisiopatologia de la enfermedad y los diversos gra-
dos de afectacién que se han observado®. Esta proteina esta
originada en un gen del mismo nombre que se localiza en el cro-
mosoma Xp22.2 y que interactua con muchos genes.

Esté descrito que el virus produce una heterogeneidad cli-
nica en los pacientes, quienes pueden ser asintomaticos, otros
con sintomas leves, moderados y los hay también con sinto-
matologia grave y criticao,

Considerando esta heterogeneidad clinica y la interrelacion
virus-huésped, es legitimo asegurar que los determinantes ge-
néticos individuales y poblacionales juegan un papel trascen-
dental en la presencia o no de la enfermedad, en la incidencia
etaria y geogréfica diferente®®, Las variantes proteicas del
huésped tienen sin duda relacién con las variantes genéticas
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que en Ultima instancia determinan la estructura de proteinas.

Para entender esta relacion virus-huésped y su compleja
heterogeneidad, se realizé un estudio in silico de la interaccion
de las posibles proteinas involucradas en la infeccién y la res-
puesta al virus, asi como estudiamos los datos de secuencia-
cién masiva en nuestro Centro.

|
Materiales y métodos

Busqueda Bibliografica

Al ser una enfermedad nueva, para el anélisis de genes
de resistencia y predisposicion y su posterior estudio de inte-
racciones, partimos de una amplia revision de la literatura que
sugiera o demuestre los factores que intervienen en la infec-
cion. Se realizd un interactoma que identifique las proteinas
especificas involucradas en la adhesion y entrada del virus, asi
como, los signos, sintomas y progresién de la COVID-19.

Se utilizé el programa STRING: functional protein asso-
ciation networks v. 11.0 (string.com)* en donde se ingresé las
proteinas encontradas segun literatura para de esta manera
ver si existe una posible relaciéon entre las mismas en el sof-
tware Cytoscape v3.8.1"° se ingreso la proteina y el virus para
conocer las relaciones que existen.

Toda la documentacion revisada parte de la proteina ACE2
descrita como la esencial en la infeccidn, por tanto, en el anélisis
es el eje central. Luego se correlaciond con los datos fisiopato-
légicos de la COVID-19 que resumen dos aspectos esenciales
en la clinica de la enfermedad: un cuadro similar a una reaccién
antifosfolipidica, y un cuadro asociado de hiperimflamacion me-
diada por una sobrecarga de macrocitos y citoquinas, estas co-
rrelaciones las profundizamos segun la agrupacion sindromica
mas evidente de la COVID como la respuesta inmune, sintoma-
tologia pulmonar, cardiovascular y renal.

Priorizacion de proteina

Se parte de una aproximacion inicial de 23 mil proteinas
encontradas luego de la revision bibliografica y el filtrado de
las proteinas que se han visto segun evidencia estan mas in-
volucradas en la entrada y respuesta inmune del virus. Pos-
teriormente se realizaron consecutivas priorizaciones mas
profundas, tomando en cuenta Unicamente las proteinas que
muestren interaccién entre si y que se encuentren relacio-
nadas directamente a COVID-19 y su cuadro clinico. Las in-
teracciones evaluadas fueron de primera linea de interaccion,
segunda linea de interaccion y proteinas probables de interac-
cion. El analisis prioriza bases de datos de proteinas determi-
nadas experimentalmente, con conocimiento de funciones de
genes originarios, coocurrencia de genes, genes vecinas, co-ex-
presiones de proteinas genéticamente determinadas y por ho-
mologia de proteinas.

Adicionalmente, realizamos el analisis de las bases de
datos de 10 individuos ecuatorianos, en quienes tenemos re-
sultados de secuenciacién masiva para 4813 genes, es decir un
andlisis de 48130 secuencias, aplicando la tecnologia del equi-
po Ilumina MiSeq. Para el grupo de individuos ecuatorianos, fil-
tramos la informacion de nuestra base de datos, de acuerdo a
la priorizacion de genes.

|
Resultados

Se realizé un analisis in silico usando el software String y
Cyoscape para la proteina multifuncion ACE2, descrita como

la principal via de entrada del virus al organismo. Esta proteina
tiene interaccidn con otras proteinas que actuan como recep-
toras o correceptoras para el virus las cuales son TMPRSS?2,
NRP1, AGTR1, MASI, IFITMs y las distintas interacciones con
secuencias especificas del virus SARS-CoV-2 y proteinas en el
citoplasma o extracelulares. También se analizan los medica-
mentos que se encuentran disponibles hasta el momento, de
acuerdo a su funcion especifica sobre las proteinas: cloriquina,
aloxistatina, camostat (Fig. 1).

Partiendo del andlisis inicial de proteinas receptoras y del
virus informadas en la bibliografia, se obtuvo un total de 23
mil proteinas, se priorizo la informacion tomando en cuenta
las proteinas que segun hibliografia mostraban estar envuel-
tas dentro de la adhesién a membrana celular y entrada del
virus y desencadenamiento de la enfermedad, se obtuvieron
101 proteinas correlacionadas entre si. Después de una poste-
rior priorizacién tomando en cuenta Unicamente las proteinas
que tengan interaccién entre si, se determind 45 proteinas, de
las cuales, 38 proteinas tienen fuerte o mediana correlacion
segun lo predicho por el software STRING.

Once de estas proteinas son las que mostraron interaccio-
nes y co-expresiones fuertes: ACE2 con AGT, AGTR1 y 2, REN,
MME, PRCP, MEP1A y B, XPNPEP2 y DPP4 (Fig. 2). EL andlisis
muestra que seis proteinas tienen homologia funcional y acttian
correlacionadamente. Solamente en DPP4 no ha sido probada
experimentalmente su funcién directa en asociacion con ACE2,
mientras que todos los demas tienen correlaciones tan altas
como 0,991 para AGT o las mas bajas de 0,858 para AGTR2. La
correlacién media de estas once proteinas es de 0,844. La Tabla
1, muestra los posibles genes especificos para las once protei-
nas interactuantes, asi como localizacién y funcion.

Las once proteinas mas correlacionadas estén involucra-
das en las funciones de renina-angiotensina, el agiotensing-
geno, carboxipetptidasas, beta meprina, por lo que controlan
funciones como la presién arterial sistémica, volumen sangui-
neo, produccion de aldosterona, degradacién de proteinas, se-
fializacion adrenérgica en cardiomiocitos, interaccion ligando
receptor neuroactivo, metabolismo de hormona peptidica e
implicacidn en el sistema de las rodopsinas.

En un segundo anélisis de priorizacion, se encontré in-
teracciones entre 21 proteinas, las cuales involucran nuevas
actividades sobre control hormonal de la presién sanguinea,
cuatro tienen funcién asociada a la adiccién a la morfina y su
degradacion, y dos tienen asociacién funcional con el glucagoén.
Todo esto con una correlacion de 0,74.

Los posteriores analisis del interactoma para 31 protei-
nas hasta 101, dieron una correlacion media de 0,748, eviden-
ciando asociaciones funcionales que participan en el volumen
sanguineo y la circulacion, sefializacion de las relaxinas y qui-
miocinas; dos proteinas tienen funcion en endotelios y cuatro
se relacionan con actividad proteasa similar a la tripsina, por
lo que participarian en la degradacién de tejidos. Se muestran
funciones relacionadas con la respuesta a farmacos sobre re-
nina y sobre respuestas farmacoldgicas a los moduladores de
renina-angiotensina. Todas estas funciones, descritas y asocia-
das a la fisiopatologia de la COVID-19.

El andlisis de asociacion de 101 proteinas (Fig. 3), dio
como resultado un coeficiente de correlacion de 0,676 y mues-
tra similares funciones a las descritas para el cluster de once
proteinas, pero se evidencia nuevas funciones como calidad
bioldgica (peso, talla, tamafno de dérganos, color, masa, etc.)
caracteristicas claramente epigenéticas con 83 proteinas, 54
proteinas tienen funcién en la membrana plasmatica celular.
A este nivel de correlacion se aprecian 21 proteinas que coad-
yuvan en la desregulacion de la renina-angiotensina, con los
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Figura 1. Interrelacion proteinas viricas con proteinas receptoras del virus SARS-CoV-2. Se muestran los farmacos y su inte-

raccion proteica. Construida en Cytoscape.

consiguientes efectos fitopatoldgicos descritos para la enfer-
medad. También encontramos 27 proteinas involucrados en
quimiorreceptores gue, como se conoce, estan involucrados en
el acoplamiento de proteinas, farmacos, etc. Se encontrd 15
proteinas incluidas en el desarrollo de cancer.

Al analizar las posibles proteinas de predisposicion y re-
sistencia al SARS-CoV-2, de las bases de datos de secuen-
ciacién masiva de individuos ecuatorianos, encontramos que,
existe una correlacién en 30 proteinas, de las cuales los si-
guientes: ACE2, ACE1, ACACA, HGD, TICAM1, TLR7, ROSI,
ACACA, XPNPEP2, MEP1B, PRCP, MME, REN, AGTR, AGTR1
y AGTR2, evidencian una mayor asociacion, con un coeficiente
de correlacion de 0,54, seguin se muestra en la Fig. 4.

|
Discusion

El presente trabajo consiste en un analisis in silico de prio-

rizacion de proteinas que parten de conocimientos previos bi-
bliogréficos y que se encuentran conexas directamente con la
infeccidn, sintomatologfa, severidad y progresion de COVID-19,
y revisa los datos de 10 individuos ecuatorianos a quienes se
realizd la secuenciacion masiva de 4813 genes. El andlisis par-
te de 23 mil proteinas y luego de varios filtros aplicados se fil-
tré 101 proteinas, luego 45, 38, 21, hasta llegar a 11 que se en-
cuentran mas fuertemente relacionadas con el receptor ACE2
adherente de la proteina de espiga (S) del SARS-CoV-21271213,
Este andlisis es importante en la actualidad, ya que al no existir
conocimientos previos de interacciones proteicas para la unién
virus-huésped, evidenciar interacciones nos llevan a entender
el proceso fisiopatoldgico de la enfermedad.

En el primer andlisis realizado en Cytoscape de proteinas
receptoras de entrada del virus con la interaccién con las pro-
teinas del virus se obtuvieron varias proteinas descritas tam-
bién en bibliografia: segin Mousavizadeh y Ghasemi (2020)
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Figura 2. Interactoma inicial de 11 proteinas a partir de ACE2. El nodo rojo es la proteina de consulta, los nodos blancos son
la segunda capa de interactores. La linea de union turquesa representa interacciones de bases de datos seleccionados; rosada,
determinada experimentalmente; verde oscuro gen vecino; rojo, fusiones de genes; azul, co-ocurrencia de genes; verde claro,
extraido de bibliografia; negro, co-expresion; celeste, homologia de proteinas.

Figura 3. Interactoma para 101 proteinas a partir de ACE2. El nodo rojo es la proteina de consulta, los nodos blancos son la
segunda capa de interactores. Linea de unidn turquesa, interacciones de bases de datos seleccionados; rosada, determinada
experimentalmente; verde oscuro, gen vecino; rojo, fusiones de genes; azul, co-ocurrencia de genes; verde claro, extraido de
textos; negro, co-expresion; celeste homologia de proteinas.
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Tabla 1. Genes,
localizacion y fun-
cion de aquellos
correlacionados
con predisposi-
cién o resistencia
a la infeccion por
SARS-COV-2
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Figura 4. Interactoma de personas infectadas por el SARS-CoV-2 que son asintomaticos, con sintomatologia leve, moderada y grave.

al igual que otras investigaciones, el virus SARS-CoV- 2 usa
la proteinaTMPRSS2 para completar la entrada a la célula,
debido a que la proteina S del receptor del virus se pega la
ligando de ACE2 mediante la activacién de TMPRSS2 como
proteasa:'*'® seguiin Cantuti et. al (2020) y Daly et. al (2020),
la proteina NRP1 actua en la entrada del virus a la célula en
vez de usar ACE2, esto debido a la gran expresion del mismo
en células epiteliales permitiendo la entrada celular, vascular
y tisular;!%% la proteina AGTR1, también encontrada dentro de
nuestras interacciones proteina-proteina, otras investigacio-
nes revelan que su expresion estd relacionada a posibles da-
fios pulmonares;”*?? algunas investigaciones han identificado
a la proteina MAS1 que se encuentra en células endoteliales
como un receptor del ligando ACE2, que incluso deficiencias
pueden causar insuficiencia cardiaca sistélica, incrementar la
presidén sanguinea, entre otras;?*?° las proteinas IFITMs han
mostrado en varias investigaciones que estan involucradas en
promover la infeccion causada por el virus??,

El analisis del interactoma ACE2 para COVID-19 arrojé pa-
ralelamente datos sobre actividad de algunos farmacos sobre
la enfermedad que fueron utilizados en algun momento para
tratar a pacientes, los resultados al reanalizarlos determina-
ron que se deje de usarlos por diferentes reacciones adversas.
Tres fdrmacos encontrados en el andlisis por software, llama-
ron nuestra atencién: cloriquina droga disefiada inicialmente
para la malaria, que se ha discutido mucho sobre su efectividad
para tratar la COVID-19, se han realizado varias investigacio-
nes in vivo, sin embargo, no puede considerarse hasta el mo-
mento como un medicamento definitivo para curar la enferme-
dad pudiendo incluso tener efectos secundarios graves como
toxicidad;?®* aloxistatina fue un medicamento inicialmente
disefiado para tratar la distrofia muscular y en varias investi-
gaciones se ha probado su efectividad para el tratamiento de la
CQVID-19, es un inhibidor de la cistina proteasa la misma que
ha sido confirmada su requerimiento para la entrada del virus
sugieren varias investigaciones que el tratamiento con este
medicamento reduce la entrada a la célula en un 92.3%:%2%
camostat fue otro medicamento disefiado para tratar la pan-
creatitis pero re direccionado para tratar la COVID-19, es un
inhibidos de proteasa que segun varias investigaciones inhibe

a TMPRSS2 bloqueando el desarrollo y patogénesis del virus,
esto dependiendo de la dosis que vaya a ser usada en los pa-
cientes ha sido recomendado como antiviral*%,

Las proteinas que mostraron una correlacién fuerte ACE2,
han sido descritas en la bibliografia por tener alguna relacién
directa con la entrada o prondstico del virus, segun Xu, et. al,
(2020), AGT es de las proteinas principales que interactdan
con ACE?2 después de la unién del virus SARS-CoV-2;® se-
gun Milne et. al (2020), la expresién de la proteina AGTR1 ha
mostrado ser protectora ante dafios al pulmadn, por lo que en
pacientes con COVID-19 severo se ha visto que bajan los ni-
veles de AGTR1 mientras suben los de ACE2;"® seguin Cui et,
al (2020), la proteina AGTR2 tiene una interaccion importante
con ACE2, teniendo a si vez una gran afinidad con la proteina
Spike del virus 2019-nCoV, permitiendo su entrada, por lo que
podria ser considerado como una proteina de entrada del vi-
rus a las células;®® la proteina REN mostrd tener relacion con
ACE?2 después de un anélisis realizado por Tas et. al (2020), te-
niendo esta protefna un rol principal en la homeostasis de so-
dio, balance de fluidos y presion sanguinea;*® Zolfaghari, Falak
and Bahereini (2020), realizaron un estudio de asociacién para
la patogénesis de SARS-CoV-2 y encontraron que la proteina
MME tiene una asociacion directa con patogénesis en érganos
respiratorios, renales y sistema sanguinea debida que causa
una concentracion de CO, en la sangre lo que causa edema
pulmonar y fallo renal o pulmonar;*® Goothy y Kumar (2020)
realizaron una red de proteinas de interaccion con ACE2 simi-
lar al presente estudio, en donde encontraron que la proteina
PRCP esté relacionada a unién de la membrana del virus;* de
igual manera segun Goothy y Kumar (2020), las proteinas ME-
P1A, MEP1B, XPNPEP2 y DPP4son parte de la interaccién de
union de membrana junto con ACE?2 y otras proteinas con el
virus*.,

Quince proteinas del interactoma estan incluidas en el
desarrollo de céncer. lo que es llamativo porque el gen ACE2
participa también en la metilacién de ADN y ARN y esto a su
vez es camino esencial en la carcinogénesis de al menos 30
canceres. En este cluster de asociacion destacan la WDFY1
que estd involucrada en la reaccién inflamatoria inducida por
citoquinas, la TICAM1 involucrada en la inmunidad innata con-
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tra patogenos, la TLR3 componente clave en la inmunidad
innata y adaptativa, TBK1 que juega papel esencial en la regu-
lacion de la respuesta inflamatoria a agentes extrafos, la IRF7
regula la respuesta inmunitaria mediada por interferon, la IL10
que inhibe la sintesis de citoquinas producidas por macréfagos
activados y la SERPINAL que esté involucrada en la funcion de
coagulacion y la plasmina®!01L13,

ACE2, ACE1, ACACA, HGD, TICAM1, TLR7, ROS1, ACA-
CA, XPNPEP2, MEP1B, PRCP, MME, REN, AGTR, AGTR1 vy
AGTR?2, con coeficiente de correlacion de 0,54 (Fig. 3), estan
involucradas en algunos de los sintomas de la COVID-19 como
regulacion de la presion arterial (nodos verde), respuesta in-
munoldgica, volumen sanguineo (nodos en azul), regulacién de
renina-angiotensina (nodos en rojo), reaccion de trasplante in-
jerto contra huésped (nodos verde obscuro), apoptosis (nodos
amarillo), similares a inmunoglobulinas (nodos magenta)*?13,

Los datos presentados son un informe inicial del analisis
y muestra la metodologia empleada para llegar al interacto-
ma'?. Cada proteina del interactoma propuesto, tiene seguin
la evaluacion in silico que realizamos, un gen con el mismo
nombre y tiene la localizacion exacta en el genoma,'® lo que
nos impulsa a pensar en una interaccién genética, poligénica,
importante para las manifestaciones clinicas. Las variantes
genéticas que podriamos encontrar sugieren una variante de
reacciones y relaciones virus-huésped.

Entre los factores de predisposicion a la infeccion por
SARS-COV-2 se han descrito algunos como el grupo sangui-
neo, la etnia, el origen humano y la cantidad de genes neander-
tales, genes de autoinmunidad, HLA, genes de falla cardiaca
o renal, entre otros factores®’#415, En la busqueda de genes
de predisposicién se deben considerar al menos tres grupos:
genes con variantes raras, genes con variantes comunes y ge-
nes asociados con formas clinicas de la enfermedad“®, lo que
permitiria descifrar los diferentes pasos moleculares que el
virus y su patogenicidad producen. La poblacién del Ecuador
es trihibrida'® y sus componentes europeos, indoamericano y
afrodescendientes, con seguridad jugaran un papel en la pato-
genia y fisiopatologia de la COVID-19.

|
Conclusiones

La siguiente fase del estudio encontrara variantes genéti-
cas especificas a partir del interactoma proteico de los indivi-
duos afectados por la COVID-19 de la poblacién ecuatariana, y
asociar el estado de la enfermedad con las variantes genéti-
cas. Lo que esperarfamos es encontrar variantes que protegen
a los individuos que serian asintomaticos o con cuadro clinico
leve, otras variantes asociadas a sintomatologia moderada y al
menos un tipo de variantes extras asociadas a la gravedad de
la enfermedad o la muerte de los individuos. Aungue el camino
a encontrar genes de predisposicion es de manera retrograda
en el andlisis, es decir partiendo de proteinas hacia genes, la
ventaja es que las proteinas que hemos encontrado asociadas,
tienen genes especificos con su misma nomenclatura y estan
localizados en el genoma humano, por lo que es legitimo pen-
sar que el interactoma proteico de alguna manera refleja la
interaccién genética.

|
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Caracterizacion quimica y nutricional de harina de chanar de diferente
distribucion geografica
Chemical and nutritional characterization of chanar flour from different geographical distribution

J.I. Maschio?, P. Boeri?, D. Dalzotto? L. Pifiuel?, S. Sharry? DOI. 10.21931/RB/2021.06.01.18
Resumen: El chafar (Geoffroea decorticans) es una planta nativa que se distribuye en regiones aridas y semiaridas de
sudamérica, cuyos frutos constituyen un recurso alimenticio para las comunidades rurales y originarias. EL conocimiento sobre
la biodiversidad no solo permite poner en valor estas especies, sino también generar alternativas de uso y consumo de nuevos
recursos hio-basados. Los metabolitos secundarios constituyen una fuente importante de aditivos alimenticios, productos
farmacéuticos e industriales cuya sintesis y composicion estd influenciada por las caracteristicas ambientales de donde crecen
las plantas. Dada a su amplia distribucién geogréfica, la caracterizacion fitoquimica de los frutos de chafar podria presentar
diferencias de acuerdo a su procedencia. Por lo tanto, el objetivo del presente trabajo fue estudiar la composicion quimica
y nutricional de los frutos de G. decorticans procedente de dos ecorregiones argentinas: el Chaco arido y Monte Oriental o
de transicion. Se determind la composicion nutricional de harinas integrales de ambas procedencias y se evalud el contenido
total de polifenoles (CTP), de antocianinas y la actividad antioxidante in vitro, tanto de harinas integrales como de harinas de
mesocarpio. La composicion nutricional no presentdé diferencias significativas entre las muestras evaluadas. EL CTP varié entre
87-124 mg GAE/100g de harina base seca, y fue mayor en los extractos de las harinas integrales. El contenido de antocianinas
en las muestras de Rio Negro fue un 70% mayor que en las de Catamarca. Los extractos de harina de mesocarpio de Rio Negro
presentaron un 20% menos de CTP que de las de Catamarca, sin embargo, la actividad antioxidante obtenida por ABTS fue
comparable entre ellas. En conclusion, los resultados sugieren que la harina integral de G. decorticans podria utilizarse como
una fuente de antioxidantes naturales de uso alimentario.

Palabras clave: Geoffroea decorticans, actividad antioxidante, antocianinas, polifenoles, Chaco Arido, Monte Oriental.

Abstract: The chafiar (Geoffroea decorticans) is a native plant that is distributed in arid and semi-arid regions of South America,
whose fruits constitute a food resource for rural and native communities. The knowledge about biodiversity not only allows us
to value these species, but also to generate alternatives for the use and consumption of new bio-based resources. Secondary
metabolites constitute an important source of food additives, pharmaceutical and industrial products whose synthesis and
composition is influenced by the environmental characteristics of where the plants grow. Given its wide geographical distribution,
the phytochemical characterization of the Chafar fruits could present differences according to their origin. Therefore, the
aim of this work was to study the chemical and nutritional composition of Geoffroea decorticans fruits from two Argentinean
ecoregions: the Arid Chaco and Oriental Monte or Transitional Monte. It was determined the nutritional composition of integral
flours from both origins and the total polyphenols content (TPC), anthocyanins and the in vitro antioxidant activity, both of
integral and mesocarp flours were evaluated. The nutritional composition did not present significant differences between the
samples. However, the TPC varied between 87-124 mg GAE/100g of dry flour, and was higher in the extracts of integral flours.
Anthocyanin content in Rio Negro samples was 70% higher than in Catamarca samples. Rio Negro's mesocarp flour extracts
presented 20% less TPC than those from Catamarca, however, the antioxidant activity obtained by ABTS was comparable
between them. In conclusion, the results suggest that the integral flour of G. decorticans could be used as a source of natural
antioxidants for food use.

Key words: Geoffroea decorticans, antioxidant activity, anthocyanins, polyphenols, Arid Chaco, Oriental Monte, Transitional Monte.

|
Introduccion

El chafiar, Geoffroea decorticans (Gillies ex Hook. et Arn.)
Burkart, es una especie arbdrea nativa de regiones éaridas y
semiaridas de Sudamérica y en Argentina, se encuentra pre-
sente desde el extremo septentrional del pais (provincias de
Jujuy, Salta y Formosa) hasta norte de la Patagonia (provincia
de Rio Negro). Esta especie posee frutos drupdaceos, ovoides
o0 globosos, pardo-rojizo a la madurez! los cuales presentan
diversas formas de uso y consumo como recurso alimenticio y
medicinal®. Actualmente los frutos del chafiar son una fuente
de materias primas que permiten a las poblaciones rurales y

comunidades originarias satisfacer sus necesidades cotidia-
nas, como el tratamiento de afecciones de la salud, alimen-
tacion, provisiéon de forrajes y energia, entre otras®®, de esta
manera, las especies nativas constituyen recursos alimenti-
cios que pueden potenciar el desarrollo de las economias re-
gionales. En este sentido, resulta indispensable profundizar el
conocimiento sobre estas, especialmente cuando se trata de
especies de ambientes aridos y semiaridos, que presentan una
mejor adaptacion ante el futuro escenario de cambio climatico
global. Por otra parte, existe un creciente interés por conocer
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los recursos silvestres regionales y su valor nutricional, con el
objeto de buscar nuevos alimentos para el consumo humano
y garantizar la soberania alimentaria, particularmente en las
regiones rurales®. Asi, la caracterizacién fitoquimica de G. de-
corticans se ha llevado a cabo por diversos autores, pero siem-
pre basandose en individuos de una poblacion especifica. Dada
la amplia distribucién geografica de esta especie se plantea
el interrogante de si existen cambios de indole morfoldgico,
genético y quimico ya que crece bajo condiciones climaticas
y edéficas disimiles’. En este sentido, Akula & Ravishankar,
indicaron que la sintesis y acumulacién de metabolitos suele
producirse en plantas sometidas a factores de estrés que in-
cluyen diversos elicitores®. Los metabolitos secundarios, como
los compuestos fendlicos, desempefian un papel importante
en la adaptacion de las plantas al medio ambiente y en la su-
pervivencia bajo condiciones de estrés. Los factores ambienta-
les como la altitud, la temperatura, la humedad, la intensidad
de la luz, los minerales, entre otros, influyen tanto en el cre-
cimiento de la planta como en la producciéon de metabolitos
secundarios®. Los polifenoles son compuestos bioactivos pre-
sentes en los alimentos que le confieren diferentes propieda-
des funcionales y contribuyen con la actividad antioxidante
de los mismos. Dentro de esa caracterizacion fitoquimica del
chafiar, el andlisis de polifenoles como fuente de antioxidan-
tes de origen natural cobra mayor importancia al tratarse de
una especie de amplia distribucion, que podria impactar tan-
to en las economias rurales donde naturalmente se consume
como fuera de estos entornos. El objetivo de este trabajo fue
determinar la composicion nutricional y evaluar las propieda-
des antioxidantes de diferentes fracciones del fruto de chafnar
procedentes de dos ecorregiones argentinas.

|
Materiales y métodos

Material vegetal y preparacion de las muestras

Los frutos maduros de Geoffroea decorticans fueron co-
lectados durante noviembre 2018 y enero 2019, a partir de 20
individuos seleccionados al azar sobre la base de su éptimo es-
tado fitosanitario. La colecta se realizd en dos ecorregiones de
Argentina, habiendo incluido el limite de distribucién mas aus-
tral definido para esta especie (Provincia de Rio Negro). Los si-
tios de muestreo fueron: Departamento Capital de la Provincia
de Catamarca (28°27'26.21"S; 65°46'59.65"0), correspondien-
te a la Ecorregién de Chaco Arido y Departamento Adolfo Alsi-

._.‘ ‘

., ’ 4 h b r

na de la provincia de Rio Negro (41°1'15.24"S; 62°49'10.31"0),
ecorregion de Monte Oriental o de Transicion®. A fin de caracte-
rizar la materia prima utilizada por las poblaciones rurales en
diferentes preparaciones culinarias, se obtuvieron dos tipos de
harinas. En una de ellas, se incluyd el mesocarpio y pericarpio
(en adelante, harina de mesocarpio) y en otra los frutos com-
pletos y semillas (en adelante, harina integral) (Figura 1). Se
obtuvieron, entonces, las siguientes muestras: a) harina inte-
gral de Catamarca (IC); b) harina de mesocarpio de Catamarca
(MC); harina integral Rio Negro (IRN); y harina de mesocarpio
de Rio Negro (MRN). Para la obtencién de estas harinas, los
frutos completos fueron secados en estufa eléctrica SanJor
modelo SL70C a 55 + 2°C, hasta alcanzar peso constante.
Luego los frutos con y sin semilla fueron molidos, en molino
de cuchillo y tamizados manualmente (500 micrones) para
obtener una harina homogénea. Las diferentes muestras fue-
ron almacenadas a -20°C hasta su uso en las determinaciones
quimicas correspondientes.

Evaluacion de los componentes de interés nutricional de
las harinas de G decorticans

Por su simplicidad, la materia prima mas frecuentemente
utilizada en preparaciones culinarias es la harina integral, es
decir, aquella que se obtiene a partir de los frutos completos.
Por ello, las muestras caracterizadas nutricionalmente fueron
las harinas integrales de Catamarca (IC) y de Rio Negro (IRN).

Composicion quimica

La determinacion del contenido de humedad, hidratos de
carbono, fibra dietaria, proteinas, lipidos y cenizas se realizé de
acuerdo con la metodologia especificada por la AOAC* y todas
las determinaciones se hicieron por triplicado.

Determinacion de humedad

Para determinar el contenido de humedad, se utilizaron
20 g de harina integral de las diferentes localidades. La hu-
medad se determind por diferencia de peso antes y después
de secar la muestra a 55°C en estufa eléctrica SanJor modelo
SL70C, hasta alcanzar un peso constante.

Hidratos de Carbono

El contenido de carbohidratos se calculd por diferencia
a través del método utilizado por Rodriguez y Zuluaga®. Este
método, consiste en restar a 100, la sumatoria de los porcen-
tajes de humedad, proteina, lipidos y cenizas.

AT

Figura 1. Separacion de mscarpio y pericarpio de la semilla, para la obteoién e diferenes harinas. a) Serﬁillas, b) mesocar-
pio y pericarpio, c) fruto completo de G. decorticans.
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Proteina total

El contenido proteico de las muestras se determind me-
diante el método Kjeldahl. El célculo de proteina se realizd a
partir de los datos de nitrégeno obtenidos de la muestra, apli-
cando el factor de conversion 6,25.

Lipidos

Para la cuantificacidn de lipidos se usé el método de Sox-
hlet en el cual se pesd 5 gramos de harina y se utilizd éter de
petroleo, como solvente de extraccion. Las muestras fueron
calentadas durante 2 h y el balén donde se extrajeron los Lipi-
dos se seco en estufa a 60°C. EL contenido de aceite se deter-
mind por diferencia de peso.

Cenizas

Brevemente, se pesd 4 gramos de cada una de las mues-
tras y se calcinaron. En primer lugar, cada muestra se quemd
con un mechero bajo campana hasta que no se desprendieran
humos. Posteriormente se introdujo a la mufla 2 h, a550 2C y
se obtuvieron cenizas blancas o ligeramente grises y homogeé-
neas. Por ultimo, las muestras se enfriaron en desecador y se
pesaron.

Estimacion del aporte calérico

El aporte caldrico se determind de acuerdo a la ecuacion
descrita por Indrayan et al.*?, donde los lipidos aportan 9 Kcal/g
y los carbohidratos y proteinas 4 Kcal/g.

Extraccion de polifenoles

En este caso, se evalud el contenido de polifenoles tota-
les en cuatro muestras diferentes: a) harina integral de Cata-
marca (IC); b) harina de mesocarpio Catamarca (MC); ¢) harina
integral Rio Negro (IRN); y d) harina de mesocarpio Rio Negro
(MRN).

La extraccion de polifenoles en cada muestra, se llevd a
cabo en reflujo a ebullicion en 3 etapas de extraccion de 30
minutos cada una con una solucién metandlica 70% v/v en una
proporcion 1:3 p/v. Las tres fracciones se unificaron en una uni-
ca muestra y el solvente fue evaporado y recuperado a través
de un evaporador rotatorio (RE100-PRO DragonLab) a 60°C
durante 30 min. La solucién acuosa final fue liofilizada, para la
estimacion del rendimiento.

Cuantificacion de polifenoles totales

El contenido total de polifenoles (CTP) se cuantificd me-
diante el método colorimétrico Folin-Ciocalteu'® y los resul-
tados se expresaron como miligramos equivalentes de acido
gdlico (GAE)/g de peso seco de harina.

Cuantificacion de las antocianinas

El contenido total de antocianinas -expresado en mg de
equivalentes de cianidina-3-glucdsidos (C3GE) por 100 g de
peso seco- se evalud por el método de diferencial de pH.

Determinacion de la actividad antioxidante
Se determind la capacidad de capturar radicales libres

de los extractos metandlicos de IC, MC, IRN y MRN. Para la
medicion de esta actividad se utilizaron los métodos DPPH y
ABTS!> Y, El patron de referencia utilizado fue Trolox (0-0,95
mM de curva de calibracion). La curva estéandar obtenida para
DPPH fue Y =-0.4594x + 0.5033, R2 = 0,999; y la curva estan-
dar para ABTS fue Y=-0.1249x + 0.171, R2 = 0,985.

Anadlisis estadistico

Todas las determinaciones realizadas fueron realizadas
por triplicado, y los resultados se calcularon sobre base seca,
expresandose como promedio y desviacion estandar.

|
Resultados y discusion

Macronutrientes de harinas integrales de G. decorticans

La determinacion del valor nutricional de los frutos de
chafar cobra especial importancia dado que éstos son co-
munmente consumidos por los pobladores de Argentina en
diversas preparaciones. Si bien existe informacién de frutos
procedentes del norte argentino®*, la informacion sobre esta
especie en su limite de distribucion mas austral (Norpatagonia
Argentina), es alin escasa. En la tabla 1, se muestran los resul-
tados obtenidos de la composicién nutricional de las harinas
integrales de chafiar de Catamarca y de Rio Negro. A partir de
la composicion centesimal se pudo estimar el valor nutricional
de estas harinas y se obtuvo que la harina proveniente de Ca-
tamarca tiene un valor nutritivo de 380.3 Cal/100 g y la harina
de Rio Negro 391.35 Cal/100 g. La diferencia observada en el
valor nutricional, se basa principalmente en el contenido de
lipidos, el cual es 1.7 veces mayor en los frutos de Rio Negro.
No obstante, estos valores, se encuentran en el mismo orden
que los descritos en la bibliografia®. Indrayan et al.*? analizaron
el beneficio nutricional de los recursos vegetales comestibles
y clasificaron a las plantas en categorias de alimentos, forraje
y/o usos medicinales. Segun esta clasificacién, los valores nu-
tricionales obtenidos a partir de la harina de G. decorticans la
presenta entonces, como una fuente alternativa de alimentos.

El contenido de agua de los frutos fue bajo (<10%) y esta-
ble en ambas muestras, sin presentar diferencias estadistica-
mente significativas. Dado que esta caracteristica impacta en
la conservacion y la estabilidad microbioldgica de los frutos,
es recomendable que los valores de humedad en harinas no
superen el 15%, especialmente para su aplicacion en la ela-
boracién de panificados. Con respecto a la composicion cente-
simal, los carbohidratos representan el principal componente
de ambas muestras (>80%). Resultados similares fueron infor-
mados para la especie por Orrabalis et al.'®, quienes describie-
ron a este fruto como altamente energético. Por otra parte, el
contenido de ceniza es un indicativo de la calidad de la muestra
en estudio, dado que constituye la base para evaluar su pure-
za. Los valores de ceniza obtenidos en las dos muestras ana-
lizadas reflejan un buen aporte de materia inorgdnica, siendo
incluso superiores a los obtenidos en otras harinas de uso fre-
cuente en el sector alimenticio, como la de trigo (0.98%) y de
otra leguminosa como el algarrobo (1.80-2.19%)'9%°. Respecto

Origen de Humedad | Proteinas Lipidos Carbohidratos Cenizas
las muestras

Catamarca 6.8+0.23 5.4+40.17 3.6+0.82 84.9 +5.67 2.7+0.2
Rio Negro 7+0.18 5.9+0.31 6.1+0.13 81.6+£5.23 2.9+0.13

Tabla 1. Composicién centesimal, expresada en g/100g peso seco (PS), de la harina integral del fruto de chafar (G. decorticans).
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del contenido de proteina total de frutos provenientes de am-
bas regiones se observaron valores del mismo orden que lo
descrito por Costamagna et al.?! para frutos de esta especie,
lo cual indica que este parametro no fue influenciado por las
condiciones ambientales. Cabe destacar que, a excepcién del
contenido de lipidos, no se observaron diferencias estadisti-
camente significativas entre las harinas integrales de distinta
procedencia.

Contenido de fitocompuestos en harinas de G. decorticans

Los polifenoles son componentes bioactivos presentes en
alimentos de origen vegetal, que le confieren diferentes pro-
piedades funcionales y contribuyen con la actividad antioxi-
dante de los mismos. Ademas, estos compuestos pueden ser
incorporados mediante el consumo de una dieta enriquecida
con polifenoles, como complementos alimenticios o como
formulaciones en farmacos/nutracéutico?. EL rendimiento al-
canzado en la obtencién de polifenoles depende del método
de extraccion utilizado, en este trabajo, fue de 1.91y 3.54 %
para extractos de harina integral de Catamarca y de Rio Negro,
respectivamente. En la figura 2 se observa el contenido total
de polifenoles (CTP) de los extractos metandlicos de G. decor-
ticans, de ambas procedencias y en diferentes tipos de hari-
nas. EL CTP promedio de las cuatro muestras evaluadas vario
entre 87-124 mg GAE/100 g de harina base seca y fue mayor
en los extractos de las harinas integrales, respecto de las de
mesocarpio. Ademas, se encontraron diferencias significativas
en el CTP entre las muestras de diferentes procedencias. EL
CTP observado en las de Catamarca fue aproximadamente un
20% superior a las de Rio Negro. Dado que el rendimiento ob-
tenido en las muestras de Rio Negro fue mayor que el obtenido
en harinas de Catamarca y que éste no se corresponde con el
CTP, se paodria inferir que el método de extraccidn utilizado fa-
vorecid la solubilizacion de otros compuestos asociados a los
polifenoles como carbohidratos, lipidos y proteinas. Ademas,
las diferencias observadas en el CTP de las muestras de dife-
rente procedencia podrian deberse a las condiciones ambien-
tales presentes en cada sitio de muestreo. En este sentido, ha
sido informado que la sintesis de compuestos fendlicos podria
estar influenciada por las condiciones climaticas, de suelo e
incluso la altitud propia de las dos ecorregiones evaluadas?®,

Rufino et al.? clasificaron los frutos de acuerdo a su CTP
en materia seca en tres categorias: bajo (<100 mg GAE/100 g),
medio (100-500 mg GAE/100 g) y alto (>500 mg GAE/100 g).
De acuerdo a esta clasificacion, las harinas de G. decorticans
evaluadas en este trabajo podrian ser consideradas de catego-
ria media, no obstante, el resultado obtenido por Costamagna
et al.”* con el mismo medio de extraccidn, clasifico a los frutos
evaluados como altos en CTP.

Contenido de antocianinas

Las antocianinas son compuestos bioactivos del tipo fla-
vonoides que estan presentes en la nutricion humana a traveés
de alimentos de origen vegetal. Debido a sus propiedades an-
tioxidantes, se reportan en la literatura varios beneficios para
la salud relacionados con su consumo?®.

El contenido de antocianinas de los extractos metandli-
cos obtenidos de harina integral mostraron diferencias signifi-
cativas entre las muestras de Catamarca y de Rio Negro, con
valores de 0.95 £ 0.08 y 1.62 + 0.08 g C3GE/100g de harina,
respectivamente. El contenido de antocianinas en las mues-
tras de Rio Negro fue un 70% mayor que en las de Catamarca.
Esto podria deberse a que las antocianinas proporcionan pro-
teccién ante efectos de la temperatura, UV, patdégenos, tipos
de suelo, entre otros?. Asi, la sintesis de estos compuestos
esta directamente influenciada por estos factores externos e
incide sobre la coloracién de los frutos como puede observarse
enlafigura3ayb.

Actividad antioxidante de extractos enriquecidos con
polifenoles de harina de Chaiar

Los compuestos fendlicos estan presentes en muchos ali-
mentos de origen vegetal y debido a su poder antioxidante y
antiinflamatorio, se los asocia con beneficios para la salud. Por
ello, estos compuestos han sido evaluados para la prevencion
de enfermedades cardiovasculares, aumento de las defensas
naturales adaptativas del organismo, modulacién de varios
mecanismos patoldgicos involucrados en neurodegeneracion,
entre otros?.

Los extractos metandlicos enriquecidos con polifenoles
de las harinas de chafar exhibieron capacidad antioxidante in
vitro, determinados por los métodos de ABTS y DPPH (figura

Figura 2. Contenido total de polifenoles (TPC) de extractos metandlicos obtenidos de diferentes harinas.
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Figura 3. Morfologia externa del fruto y harina integral de G. decorticans a) procedente de la ecorregién Chaco Arido (Pcia de
Catamarca) b) procedente de la ecorregién de Monte Oriental o de transicion (Pcia Rio Negro).

4). Como se puede observar, cuando se utilizé el método de
DPPH no se observaron diferencias significativas entre los ex-
tractos evaluados y se determinaron valores de actividad 0.15-
0.35 mmoles Eqg. de trolox/g de extracto. Sin embargo, con el
método de ABTS la harina de integral de Rio Negro presento
una actividad 2 veces menor respecto a los demas extractos
evaluados.

Como se ha informado en varias oportunidades, un mayor
CTP no siempre se corresponde con una alta actividad antioxi-
dante?’. En este sentido, los extractos de harina de mesocarpio
de Rio Negro presentaron un 20% menos de CTP, sin embargo,
su actividad antioxidante fue comparable con la observada en
los extractos de Catamarca. Por otra parte, la menor actividad
antioxidante obtenida en el extracto de la harina integral de Rio
Negro (IRN) podria relacionarse con el mayor rendimiento ob-
tenido en la extraccion (3.54%) que podrian incluir otras molé-
culas. Ademas, el contenido de lipidos determinados para esta
muestra (IRN) fue 1.7 veces superior al resto, la presencia de
estas moléculas podria afectar la actividad antioxidante. Sin
embargo, la interaccion de estos metabolitos con los polifeno-
les podria protegerlos de la oxidaciéon durante su paso por el
tracto gastrointestinal y favorecer asi su absorcién?.

|
Conclusiones

La similitud obtenida en la caracterizacion nutricional de
los frutos del chafiar de diferente procedencia es un indicio de
la estabilidad que poseen los metabolitos primarios ante los
cambios ambientales. Sin embargo, este trabajo evidencié que
el CTP presento diferencias significativas entre los extractos
obtenidos de frutos de distintas ecorregiones. Esto confirma
que la sintesis de metabolitos secundarios esta directamente
relacionada con los factores externos a los que se encuentra
sometida la planta, como la altitud, latitud, tipos de suelo, es-
trés, entre otros.

Por otra parte, los valores de actividad antioxidante varia-
ron segun el tipo de muestra utilizada. En particular, el con-
tenido de lipidos presentes en la harina integral de Rio Negro
pudo haber enmascarado la actividad asociada a los compues-
tos polifendlicos e impactar asi su bioaccesibilidad y biodispo-
nibilidad.

En conclusion, este trabajo permite proponer el uso de
harinas integrales de frutos del chafiar como una fuente alter-
nativa natural para su uso alimenticio.

Figura 4. Determinacion de la actividad antioxidante de los extractos metandlicos de las diferentes harinas por el método de
ABTS+y DPPH . IC (harina integral de Catamarca); FC (harina de mesocarpio de Catamarca); IRN (harina integral de Rio Negro);

FRN (harina de mesocarpio de Rio Negro).
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Pathogenicity of Moniliophthora roreriisolates from selected morphology
groups in harvested cacao pods and /n vitro sensitivity to compost tea
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Abstract: Moniliopthora roreri is the frosty pod rot disease (FPD) and one of the most devastating cacao pathogens worldwide.
However, M. roreri pathogenicity on harvested cacao pods and sensitivity to compost tea have not been fully described. Monosporic
cultures of M. roreri from different morphology groups were obtained. The isolates' pathogenicity was tested by inoculation onto
harvested cacao pods, and symptoms were evaluated at 3-day intervals during 16 days before estimating the area under the disease
progress curve (AUDPC). The sensitivity of M. rorerito compost tea was evaluated on potato dextrose agar (PDA) amended with 1 to
5 % compost tea. All morphology groups could infect harvested cacao pods during the 16 days with a disease severity index abode
75 %. Compost tea completely inhibited the growth of M. roreri when used at 4.5 % or higher. Results suggest a shortened biotrophic

phase during the infection in harvested pods and a medium to high sensitivity of M. rorerito compost tea.

Key words: Moniliasis, cacao national, biol, biotrophic, necrotrophic.

|
Introduction

Cacao (Theobroma cacao) trees are usually categorized
as “fine flavor” or “bulk/ordinary” depending on the aroma re-
leased hy the fermented beans'. Ecuador is the top delicate
flavor cacao producer worldwide? with extensive production
areas for the ‘Nacional' and ‘CCN51' types of cacaos. The Na-
cional cacao is preferred by consumers® but is more suscepti-
ble to the frosty pod rot disease (FPD) than CCN51* The FPD
has caused significant losses in the cacao production of Latin
American countries!, and the production of Nacional cacao is
partially being replaced by CCN51 in Ecuador mostly because
of FPD.

Moniliophthora roreri—the causal agent of FPD—has been
classified into 14 morphology groups, and various characteris-
tics, including growth rate and genetic patterns of each group,
were recently described®. To cause the disease, the pathogen
infects plant-attached cacao pods and undergoes a biotrophic
phase of up to 3 months before causing necrosis and spore
masses over the pod's surface®. During the biotrophic phase,
the pod is usually symptomless but, in some cases, may deve-
lop malformations before entering the necrotrophic phase®’.
The pathogenicity of M. roreri strains from different origins has
been assessed in plant-attached pods of various cultivars in
which the necrosis was evidenced?®.

In addition to plant-attached pods, various diseases, inclu-
ding Phytophthora Pod Rot®'° and Botryodiplodia theobromae
rot' can affect harvested cacao pods causing pod damage
while becoming an inoculum source for spreading the disea-
se. However, the pathogenicity of M. roreri from the different
morphology groups has not been evaluated on harvested ca-
cao pods.

In Ecuador, a significant proportion (about 7600 ha in
2007) of the cacao production is organic'?*3, and fungicides or
other chemicals cannot be applied in the fields. As an alterna-
tive, the use of biological control agents** and the application
of compost teas'® have been proposed to control plant patho-
gens in organic plantations. Compost teas are usually obtai-
ned through fermentation of agricultural waste and effectively
control several plant pathogens, including M. roreri*®. Howe-
ver, the sensitivity to compost teas of M. roreri isolates belon-

ging to the different morphology groups has not been reported.

This research aimed to assess harvested cacao pods' pa-
thogenicity and the sensitivity to compost tea of M. roreri iso-
lates from selected morphology groups.

|
Materials and methods

Isolation and classification of M. Roreri.

Isolates of M. Roreri were obtained as indicated in previous
reports®. Briefly, mature cacao pods showing FPD symptoms,
including pod lesions with white to creamy mycelium, and
internal pod tissues showing necrosis®’, were collected from
plantations located on Ecuador's coast. Healthy pods were
also randomly collected and analyzed as controls. Sampled
pods that showed symptoms of other diseases were not con-
sidered for this study.

Sampled pods were cut into small sections and placed
onto MEA (malt extract agar, Oxoid) and incubated at 27°C for
48 h to allow the growth of M. roreri. Mycelia were then trans-
ferred to fresh MEA plates and incubated at 27°C for 7 days.
Meiospores formed on the MEA media were then mixed in wa-
ter (108 meiospores/mL), and 10 pL of the mix were transfe-
rred to WA (water agar, Oxoid) and incubated at 27°C for 24 to
48 h. Using a stereomicroscope, germinated meiospores were
selected and transferred to MEA plates followed by incubation
at 27°C for 20 days. Mycelia samples were then transferred to
MEA and incubated at 27°C for 15 days. The identity of each
isolate was confirmed by PCR amplification and sequencing of
the ITS region. All of the obtained isolates were classified into
one of the 14 morphology groups defined in previous reports®
using the classification scale shown in Table 1.

Pathogenicity assessment

Pathogenicity tests were conducted on harvested pods
using the dry conidia method'®. Briefly, M. roreri meiospores were
attached to a pin's head and deposited onto a two square centi-
meters area of a cocoa pod previously marked and moistened

TEscuela Superior Politecnica del Litoral, ESPOL, Centro de Investigaciones Biotecnoldgicas del Ecuador (CIBE), Guayaquil, Ecuador.
2Escuela Superior Politecnica del Litoral, ESPOL, Facultad de Ciencias de la Vida (CIBE), Guayaquil, Ecuador.
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Table 1. Isolates sampled from each of the morphology groups defined by Mariduefia-Zavala (2016)*.

with sterile water. Inoculated pods were placed in a moist cham-
ber to promote the germination of conidia. External severity of
symptoms was assessed using the disease severity scale (SS)
from O to 5 based on previous studies® and shown in Table 2.

The disease severity index (DSI) was calculated using
Equation 1%°,

1

Where n is the number of pods showing symptoms at the
severity scale i, and N is the total number of pods inoculated.

Values of DSI were recorded at 0, 3, 7, 12, and 16 days af-
ter inoculation, and the area under the disease progress curve
(AUDPC) was estimated using Equation 2%

2

Where the DSI values were recorded at the time intervals
ti, all the experiments were run in triplicate.

Sensitivity to compost tea

A compost tea with antifungal properties was prepared
exactly as described in previous reports'®. Compost tea doses

of 0,1,15,2 25, 3,35, 4, 4.5 and 5 % were prepared in PDA.
Three-millimeter disks of M. roreri mycelia from morphology
groups 3, 8, and 14 were transferred onto the PDA containing
the different compost tea concentrations. The plates were
then incubated at 27 °C, and the mycelial diameter was mea-
sured at 3, 6, 9, and 12 days after inoculation. Other morpho-
logy groups were not tested as the preliminary data sugges-
ted no significant differences in the sensitivity to compost tea
among the different groups.

Statistical analyses

Analysis of variance ANOVA compared values of AUDPC
obtained by each morphology group tested, and significance was
reported for P < 0.05. Inhibitory concentrations 50 (IC 50) were
estimated from the mycelial growth data obtained at the different
compost teas concentrations using Prism 7 software (GraphPad,
La Jolla, CA 92037 USA). T-test was used to compare the means
of IC50, and significance was reported at p < 0.05.

|
Results

A total of 82 isolates were obtained and the identity was

Table 2. Severity scale of cocoa
pods infected with M. roreri.
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confirmed as M. roreri by the DNA sequence of the ITS region.  while the rest of the groups produced similar AUDPC values
(Figure 3), but no correlation was found between the AUDPC
Pathogenicity test values and the morphology groups.

Allisolates could infect the harvested cacao pods and cau- Compost tea significantly inhibited the growth of M. roreri
se identical symptoms to FPD reported in plant-attached pods — at concentrations of 1 % or above and was able to fully inhibit
(Figure 1). Isolates from morphology groups 1, 2, 4,6, 8,10, 13,  the growth of all isolates tested at 4.5 % or higher (Figure 4).
and 14 caused the first FPD symptoms 3 days after pod ino-  The IC50 values were above 4 % for all isolates tested (Figure
culation, whereas pods inoculated with isolates from groups 3, 5), but no significant differences were found when comparing
5,7 and 9 showed FPD symptoms from day 7 onwards (Figure  the IC50 values of the different morphology groups.

2). Similarly, all isolates produced DSI of 75 % or higher within
16 days after the pathogen's inoculation on the harvested pods
(Figure 2) and yielded AUDPC values of 25 or above (Figure 3). Discussion

The lowest AUDPCs were caused by groups 3and 5 (P < 0.05) Most isolates caused the first FPD symptoms on day 3 af-

Figure 1. Typical FPD symptoms produced on harvested cacao pods inoculated with M. roreri.

Figure 2. FPD disease progression on harvested cacao pods inoculated with M. roreri isolates belonging to the morphology
groups described in Table 1.
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Figure 3. Values of the area under the disease progress curve (AUDPC) for M. roreri groups are described in Table 1. Different
letters represent significant differences at p < 0.05

Figure 4. Growth inhibition of M. roreri from morphology groups 3, 8, and 14 by compost tea.

Figure 5. Inhibitory concentration 50 (IC50) values of M. roreri from morphology groups 3, 8, and 14 by compost tea.
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ter inoculation and all isolates were able to fully produce the
FP symptoms on the harvested cacao pods within 16 days after
inoculation. This disease progression is significantly faster than
that observed for plant-attached pods, in which progression ti-
mes of 9 weeks’® to 3 months® have been reported. The data
suggest that the asymptomatic-biotrophic phase of FPD was
absent or significantly shortened in harvested ripe cacao pods
inoculated with M. roreri. Results are similar to those observed
in other fungal pathogens such as Colletotrichum spp. When
infecting ripe harvested fruits, Colletotrichum spp. can produce
fruit rot with a shortened biotrophic phase. However, this phase
can be extended if Colletotrichum spp. infects unripe harvested
fruits?’. Further research is needed to assess the pathogenicity
of M. roreri in harvested cacao pods of different ripening levels.

No correlation between pathogenicity and fungal mor-
phology was observed. Results agree with previous reports
in which isolates of M. roreri with different levels of aggressi-
veness showed no correlation with genetic variation®. Additio-
nally, various fungal species’ pathogenicity can be dissociated
from morphological switching and in vitro growth rate?”.

The compost tea significantly inhibited the growth of all M.
roreri isolates at concentrations of 1 % or above, reaching full
inhibition at concentrations of 4.5 % or greater. The compost
tea concentrations effective against M. roreri were lower than
the 5 to 20 % needed for the control of other fungal patho-
gens such as Alternaria solani®®, Alternaria alternate, Botrytis
cinereal, and Pyrenochata lycopersici?* but higher than the 2.5
% required to inhibit the growth of M. perniciosa®®, suggesting
an intermediate to high sensitivity of M. roreri to compost tea.
Further research is needed to assess the sensitivity of M. roreri
to compost tea in the field.

|
Conclusions

All the morphology groups of M. roreri were able to pro-
duce FPD necrotrophic symptoms in harvested pods during
the 16-day evaluation period. Therefore, the biotrophic pha-
se of the disease was likely absent or significantly shortened.
Compost tea effectively controlled the pathogen's growth in
vitro at concentrations from 1 to 4.5 %, showing the potential
for applications in organic plantations. This is the first report
presenting M. roreriisolates’ pathogenicity from different mor-
phology groups on harvested cacao pods.
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Resumen: La disponibilidad de fésforo (P) en la corteza terrestre esta limitada por la composicion quimica del suelo, y por
factores antropogénicos en el caso de ambientes perturbados. Debido a que solo el 0.1% de P esté disponible para ser absorbido
directamente por las plantas, se requiere de una interaccién positiva con bacterias solubilizadoras de fésforo (BSF) para convertir
el P insoluble a su forma soluble, y hacerlo disponible para las plantas. Aun siendo esta asociacion de gran importancia, existe
poca informacién sobre la presencia de BSF en especies arbdreas, especialmente de ambientes montanos andinos. EL objetivo
de esta investigacion fue identificar la presencia de BSF en la rizosfera de dos individuos de cedro andino (Cedrela montana),
provenientes de bosque secundario (BS) y zona de pastizal (ZP), respectivamente, de la localidad de Intag (norte de la Cordillera
Occidental del Ecuador). Se recolectaron un total de tres muestras de suelo de cada rizésfera, las cuales fueron enriquecidas con
fosfato tricalcico, y cultivadas en medio selectivo NBRIP para determinar la presencia de BSF. Se obtuvieron 54 aislados de BS
y 46 de ZP, con capacidad de solubilizacion de fésforo. Los aislados BS-5, BS-6 y ZP-10 alcanzaron los indices de solubilizacién
de fosfato mas altos, con valores de 4.63, 2.75 y 2.08, respectivamente. Los resultados sugieren que las BSF, procedentes de
suelo rizosférico de C. montana, estén presentes en ambos habitats (BS y ZP), donde fueron encontrados aislados promisorios;
sin embargo, aquellos provenientes de BS mostraron una mayor capacidad solubilizadora de fésforo inorgdnico. La informacién
obtenida en este estudio servird de base para el desarrollo futuro de bioindculos especificos que permitan la propagacién del
cedro andino en condiciones de invernadero.

Palabras clave: Aislados promisorios, bacterias solubilizadoras de fésforo, bosque montano, bosque secundario, zona de
pastizal, Cedrela montana.

Abstract: The availability of phosphorus (P) in the earth's crust is limited by the chemical composition of the soil, and by
anthropogenic factors in disturbed environments. Only 0.1% of P is available to be absorbed directly by plants, positive interaction
with phosphorus solubilizing bacteria (PSB) is required to convert P insoluble to its soluble form and make it available to plants.
Although this association is of great importance, there is little information over presence on BSF in tree species from Andean
montane forests. The objective of this research was to identify the presence of BSF in the rhizosphere of two individuals of
Andean cedar (Cedrela montana), from the secondary forest (BS) and grassland zone (ZP), located in Intag (north of the
Western Cordillera of Ecuador). A total of three samples were collected from the soil of each rhizosphere, which was enriched
with tricalcium phosphate, and cultured in NBRIP selective medium to determinate the presence of BSF. We obtained 54 BS
isolates and 46 ZP isolates, with phosphorus solubilization capacity. The BS-5, BS-6, and ZP-10 reached the highest phosphate
solubilization indices, with values of 4.63, 2.75, and 2.08. The results suggest that BSF, from rhizospheric soil of C. montana, is
present in both habitats (BS and ZP), where we found promising isolates; however, those from BS showed a greater solubilizing
capacity of inorganic phosphorus. The information obtained in this study will serve as the basis for the future development of
specific bioinoculants that allow the propagation of Andean cedar under greenhouse conditions.

Key words: Isolates, phosphorus solubilizing bacteria, montane forest, secondary forest, grassland zone, Cedrela montana.

|
Introduccion

El fosforo (P) es un nutriente esencial para las plantas,
ya que es parte integral de sus actividades metabdlicas y de
desarrollo™. EL P tiene un ciclo sedimentario y su presencia
es limitada en el suelo; al no estar disponible en la atmdsfera,
los microorganismos son esenciales para mantener su ciclo
natural. Este importante elemento quimico es absorbido por
las plantas a través de procesos de solubilizacién y minerali-
zacion®, en los cuales intervienen los microorganismos. Estos
actian como mediadores de la disponibilidad de P, al liberar-
lo desde las reservas inorgdnicas y orgdnicas del suelo para
aprovechamiento de las plantas. La solubilizacion del P media-

da por microorganismos es un proceso relevante y complejo,
que depende de las condiciones nutricionales vy fisioldgicas de
cada individuo®. Los principales microorganismos asociados a
esta importante actividad son las bacterias solubilizadoras de
fésforo (BSF).

Las BSF representan alrededor del 10% de la poblacién
microbiana del suelo'. En especies arbdreas de lotes experi-
mentales se han encontrado varias cepas de BSF del género
Bacillus y Pseudomona®. Sin embargo, existe un vacio de in-
formacion referente a BSF asociadas a especies forestales en
bosques de los Andes tropicales.
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Nuestro estudio evalla, la presencia de BSF en la rizds-
fera de una especie forestal, C. montana (cedro andino), dis-
tribuida en bosques montanos de la Cordillera Occidental de
Ecuador®. Esta especie se encuentra incluida en el apéndice Il
de la Convencidn sobre el Comercio Internacional de Especies
Amenazadas de Fauna y Flora silvestres (CITES)®. Esta situa-
cion de amenaza se debe principalmente a su extraccién in-
discriminada desde dreas de distribucion natural, debido a las
cualidades de su madera’. Por otro lado, areas con presencia
de esta especie han estado expuestas a deforestacion y con-
version extensiva de bosques a pastizales, lo que ha ocasio-
nado pérdida de fertilidad, calidad y biodiversidad del suelo®®.
Por tales razones, es indispensable obtener bacterias nativas
solubilizadoras de P para incrementar a futuro la adaptacion
y crecimiento de C. montana en suelos con distinta cobertura
vegetal.

|
Materiales y métodos

Area de estudio

Las muestras de suelo rizosférico de C. montana fueron
colectadas en dos diferentes habitats, BS y ZP, en la localidad
de La Neblina - Intag, al norte de la Cordillera Occidental del
Ecuador, en las coordenadas N 0°20'06.8" y W 78°25'33.5" (Fi-
gura 1). En cada habitat se recolectaron, con un barreno y has-
ta una profundidad de 20 cm?, un total de tres muestras sim-
ples de suelo. Las muestras fueron homogeneizadas in situ,
obteniendo asi una muestra de suelo compuesta, de aproxima-
damente 1 kg, para facilitar su posterior uso en el laboratorio.

Analisis de muestras en laboratorio

Se realizaron tres tratamientos (T) sobre las muestras de
ambos hébitats: BS y ZP. Inicialmente, se tomaron 50 g de sue-
lo de cada muestra, y se aplicaron los siguientes tratamientos,
T1: con 50 g de fosfato tricalcico, T2: con 0.015 g de fosfato

tricélcico, y T3: control, sin el enriquecimiento previo?®’. Los
T fueron mantenidos durante siete dias, a temperatura am-
biente, después de este tiempo se procedié a la siembra de
los microorganismos. De cada T se realizaron tres diluciones
seriadas (base 10): 10, 10°® y 10°®, se tomaron 0.1 ml de cada
dilucién, con una micropipeta, y se colocaron en cajas Petri con
medio de cultivo selectivo NBRIP (Nautiyal, 1999)° conside-
rando tres repeticiones para cada dilucion; obteniendo un total
de 54 cajas Petri para crecimiento de BSF, 27 por cada habitat.
Todas las cajas sembradas se incubaron a 28°C durante cuatro
dias.

Luego del tiempo de incubacion, de las 54 cajas culti-
vadas, se seleccionaron 20 aislados promisorios de BSF, 10
aislados por cada habitat, para proceder con su aislamiento
individual (cultivos puros) en medio NBRIP. El criterio de selec-
cion de los aislados de BSF, se baso en: 1.- presencia de halos
de solubilizacién de P, y 2.- diferencias morfoldgicas entre los
aislados (color, tamafio, forma y textura).

El medio NBRIP, contiene fosfatos que al ser solubilizados
por las BSF deja un halo claro alrededor de la colonia®. En los
cultivos puros de los aislados promisorios de BSF se midieron
el didmetro de la colonia y el didmetro del halo de solubili-
zacioén, con ayuda de un calibrador, durante cuatro semanas.
Estas medidas fueron utilizadas para obtener el indice de solu-
bilizacion de fosfatos (ISF), mediante la férmula propuesta por
Becerra (2012)*:

Donde, es didmetro de la colonia y es el didmetro del halo.

Todas las muestras fueron analizadas en el Centro de In-
vestigacion de Biotecnologias de Ecuador (CIBE-ESPOL), Gua-
yaquil-Ecuador.

|
Resultados y discusion

Luego de la primera semana de evaluacidn, el desarrollo

Figura 1. Area de estudio, localidad La Neblina en Intag, provincia de Imbabura (imagen Google Earth, 2020).
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del halo de solubilizacion del P se pudo medir en tres aislados
promisorios del cultivo puro, dos provenientes de BS (BS-5y
BS-6) y uno de ZP (ZP-10) (Figura 2); mientras que el resto de
aislados no mostraron un crecimiento visible del halo. Pese a
la baja cantidad de aislados, se esperaba esta diferencia debi-
do al tipo de suelo que proviene de cada habitat'?. Las mues-
tras de suelo de la rizosfera de C. montana en BS se caracte-
riza por ser negro y profundo, formado por cenizas volcanicas
jovenes®®, y un alto contenido de P, con concentraciones entre
28.27 y 29.17 ppm*. Sin embargo, perturbaciones antrdpicas
podrian alterar estas caracteristicas edéficas, y por ende la
diversidad microbiana; segun Usiche et al., la abundancia y di-
versidad de las BSF se ven altamente afectadas por el uso del
suelo entre bosque y pastizal'®.

Respecto al ISF, los mayares valores se obtuvieron en los
aislados promisorios BS-5y BS-6, con 3.43 y 2.52, respectiva-
mente; seguido del aislado ZP-10 con un valor de 2.08 (Figu-
ra 3). Se ha demostrado que el ISF puede alcanzar valores de
hasta 12.0, bajo incubacion con fosfato tricélcico'. No obstan-
te, la eficiencia de solubilizacion se evalud en base a la escala
formulada por Silva Filho & Vidor', donde los valores por en-
cima de 3.0 se clasificaron como solubilizadores altos (BS-5),
y los valores de 2.0 a 3.0 como solubilizadores medios (BS-6
y ZP-1). Aun en los aislados provenientes de BS, los ISF son
distintos, posiblemente porque se trata de dos géneros bac-
terianos con diferente capacidad solubilizadora. Existen bac-
terias que utilizan diferentes mecanismos de solubilizacién de
P, como por ejemplo la produccion de dcidos organicos, siendo
el género Bacillus sp. el mas representativo de este grupo'®.

Por otro lado, dado que el ISF es directamente proporcio-
nal a la actividad de solubilizacién de P por parte de las BSF,
los aislamientos bacterianos con altos ISF resultan potencial-
mente efectivos para ser incluidos en el desarrollo de bioferti-
lizantes fosfatados®; que, a partir de esta investigacion, podrian
ser empleados en el crecimiento ex situ de C. montana. Este
podria ser el caso del aislado promisorio BS-5 que alcanzo el
mayor valor de ISF, al cual se les aplicd el T1 (50 g de fosfato
tricélcico), lo que sugiere una estrategia efectiva de selectivi-
dad al tratamiento empleado. Como menciona Sanchez et al.*®,
se puede inferir que el efecto positivo de los microorganismos
se pudo deber a un aumento en la disponibilidad de P en suelo,
en forma de fosfato tricélcico.

Por otro lado, el aislado proveniente de suelo rizosférico de
C. montana ZP no mostrd crecimiento bacteriano luego de la
primera semana de evaluacion, y su ISF se mantuvo sin incre-
mentos visibles (Figura 3); esto puede sugerir una degradacién
bioldgica del suelo por el exceso de perturbaciones generadas
en a este tipo de habitat?. Los pastizales son sistemas de rapi-
do crecimiento y por lo general son deficientes en fosfatos por
lo que los resultados obtenidos concuerdan con estudios don-
de se alteran los factores edafocliméticos de las comunidades
de bacterias solubilizadoras de fosfato inorganico??2,

|
Conclusiones

Los resultados de esta investigacion confirman la presen-
cia de BSF en la rizosfera de C. montana, en ambos habitats,

Figura 2. Aislados promisorios mostrando su halo de solubilizacién después de la primera semana de incubacion: A) BS-5, B)

BS-6y C) ZP-10.

Figura 3. Crecimiento del halo de solubilizacién de los tres aislados promisorios y linea de tendencia del indice de solubilizacién

de fosfatos (ISF), durante la cuarta semanas de evaluacion.
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BSy ZP. Por otro lado, el enriguecimiento con fosfato tricalcico
brinda un mejor criterio de seleccidn para la bioprospeccién de
microorganismos nativos en suelos rizosféricas de C. montana
en BS.

Es importante mencionar que, aunque nuestro estudio
muestra resultados preliminares en cuanto a la capacidad so-
lubilizadora de BSF asociadas a dos habitats de C. montana,
con distinto grado de perturbacion, nosotros podemos concluir
gue los aislados bacterianos promisorios obtenidos en los bos-
ques mas conservados tiene mayor capacidad solubilizadora
de P inorgéanico; por lo que, estos podrian servir como fuente
prometedora de bioinsumos para favorecer el crecimiento de
C. montana, y otras especies forestales, ex situ.
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Abstract: Mulberry (Morus alba L.), known as white mulberry, is a plant widely used in medicine and food due to its chemical
composition. The qualitative study of the primary and secondary metabolites of the methanolic extracts of the four varieties of
Morera was developed by chromatographic profile (TLC) against standards. Quantification was performed through colorimetric
assays. All results were analyzed through statistical analysis. The results indicated the existence of similarities between varieties
for both primary and secondary metabolites. The radical capacity of the varieties analyzed was also evaluated by finding that the
Téachira variety had the highest anti-radical capacity with an IC50 of 553.58 + 3.23 ug / mL followed by the Maracay IC50 varieties
0f 1054.01 +1.76 pg / mL, Bocond IC50 of 1398.93 + 2.23 pg / mL and Yu-62 IC50 of 3817.89 + 18.08 pg / mL.

[t was found that the use of the thin layer chromatography (CCF) technique was efficient to detect the presence of phenolic
compounds, soluble carbohydrates, and amino acids in the four varieties studied. The Yu-62 variety had the highest total phenol
contents and proteins; the amino acid content was higher for the Tachira variety, while the soluble carbohydrate content was higher
in the Bocond variety. The presence of saponins was not detected in any of the four varieties evaluated.

Key words: Antiradical ability, Mulberry, primary metabolites, secondary metabolites, qualitative profile, quantification, varieties.

|
Introduction

The mulberry is a shrub with shiny-light green leaves,
prominent whitish veins on the underside, and an asymmetric
base®; purple, white, black, or pink fruits with a length of 5 cm?.

It is native to Asian countries, used in sericulture, and
introduced to other continents, which has led to the creation
and extension of a large number of varieties with excellent
biomass production, nutritional quality, and high resistance to
attack by pests and diseases in a wide range of climate and
soil conditions?.

For the genus, Morus a total of 24 species are reported?,
the best-known being M. alba, M nigra, M indica, M laevigata
and M bombycis, which are distributed all over the world, from
temperate areas (altitude: 4000 masl ) to tropical (dry and
humid)®, grouped into five regions® East Asia, Archipelago of
Malaysia, Southwest Asia, North, Central, and South America
and West Africa.

According to Chan et al.’, mulberry foliage is the leading
food of silkworms; Its leaves are used as food for livestock and
its fruits as food products.

Flavonoids and phenolic compounds, in general, are the
main components of the plant in its various organs, also men-
tioning alkaloids, amino acids, and fatty acids, among others.
Various biological activities are reported for the species' leaves,
including antioxidants, antimicrobial, skin whitening, cytotoxic,
antidiabetic, glycosidase inhibition anti-hyperlipidaemias, an-
ti-atherosclerotic, anti-obesity, cardioprotective, and enhance-
ment cognitive”*2 Fruits are rich in anthocyanins and alkaloids
with antioxidant, antidiabetic, antiatherosclerosis, anti-obesity,
and hepatoprotective activities'3'4, The root's bark contains
flavonoids, alkaloids, and stilbenes, with antimicrobial, skin
whitening, cytotoxic, anti-inflammatory anti-hyperlipidaemic
properties'®. Other pharmacological properties of M. alba in-
clude antiplatelet, anxiolytic, antiasthmatic, anthelmintic,

antidepressant, cardioprotective, and immunomodulatory ac-
tivities. The phytochemistry and pharmacology of the different
parts of the mulberry tree confirm its traditional and current
uses as forage, food, cosmetics, and medicine, the species be-
ing a plant with promising medicinal properties’. This work's
objective was to study comparatively the chemical composi-
tion and root activity of the leaves of four varieties of Morus
alba cultivated in Venezuela.

|
Methods

Collection and treatment

The Morus alba varieties studied were collected in the
greenhouse of the Institute for Advanced Studies (IDEA), loca-
ted at an altitude of 1179 meters above sea level, 10° 25'59"
N, 66°52'59" W, in the Baruta municipality, Miranda state of
the Metropolitan District of Caracas, where they are identified
as Maracay (Ma 001), Tachira (Ta 002), Boconé (Bo 003) and
Yu-62 (Yu 004).

The varieties used were collected from plants with a hei-
ght of no more than 50 cm in height and little biomass, with
leaves of approximately 8 cm long.

Two procedures were carried out: In the first, samples of
10 leaves of each plant per variety (three plants) were taken,
and they were dried in the open air for one week, then crus-
hed and macerated in methanol for the preparation of the co-
rresponding extract. In the second procedure, 10 leaves were
taken from each plant (total 30); they were cleaned with water
and alcohol for transfer to the laboratory in a cellar with liquid
nitrogen. The leaves were macerated with liquid nitrogen and
stored in a refrigerator at a temperature of -80 ° C for later use.

*Escuela Superior Politécnica del Litoral, ESPOL, Facultad de Ciencias de la Vida, Centro de Investigaciones Biotecnoldgicas del Ecuador, Guayaquil, Ecuador.
2 Area de Agricultura y Soberania Alimentaria, IDEA, Instituto de Estudios Avanzados, Caracas, Venezuela.
3Escuela de Quimica, Facultad de Ciencias, Universidad Central de Venezuela, Caracas, Venezuela.
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Extraction and analysis of varieties

Protein extraction: 100 mg of the sample placed in Eppen-
dorf tubes were added 1mL of buffer constituted by Tris-HCL,
urea, EDTA disodium salt, tween 20, sodium diacid phosphate
and 3 mercapto-ethanol. It was stirred to homogenize; it was
centrifuged at 10,000 rpm for 10 min separating the solid (so-
luble proteins).

Extraction of carbohydrates and amino acids (as free
proline)

100 mg of the sample placed in Eppendorf tubes were ad-
ded 1 mL of 80% ethanol; It was stirred until homogenized, it
was centrifuged at 4000 rpm for 8 min evaporated in the hood
at room temperature until obtaining 1ImL aqueous phase: car-
bohydrates and amino acids. The process was repeated twice.

Extraction of Phenols (soluble and bound to the cell wall)

100 mg of the sample placed in Eppendorf tubes, 500 pL
of methanol were added, it was stirred until homogenized, it
was centrifuged at 12000 rpm for 15 min. The supernatant
contained soluble phenols. 250 pL of 2M NaOH was added to
the solid residue, it was stirred until homogenized, incubated
at 70 ° C for 16 hours, neutralized with 250 uL of 2M HCL,
centrifuged, and the supernatant consisted of phenolic com-
pounds bound to the cell wall.

Qualitative analysis of the varieties

TLC performed methanolic extracts, and the solvent sys-
tems and standards used were the following:

Quantification of primary and secondary metabolites

| Metabolites Standards

Amino acids L-proline,

L-arginine

Carbohydrates | Sucrose,
glucose
Flavonoids Routine.

2-propanol-butanol-water (12: 3:

Proteins

A 100 pL aliquot was taken from the initial extraction and
initially diluted to a volume of 10 mL with water. A ImL aliquot
was taken, and then 1 mL of Bradford's reagent (Coomassie
blue in sulfuric acid) was added and stirred until homogenized.
It could settle. As a standard, bovine serum albumin solutions
of different concentrations were prepared, and the same treat-
ment as the sample was applied. Spectrophotometric analysis
was performed for quantification using the Bradford method*.
The values of the samples were obtained from the correspon-
ding calibration curve. The results were expressed as mg / g of
fresh mass equivalent to bovine serum albumin.

Total carbohydrates

A 100 pL aliguot of the sample from the extraction was
taken and diluted with distilled water to 1 mL. 0.5 mL of a 5%
phenol solution and carefully 2.5 mL of concentrated sulfuric
acid were added. It was stirred until homogeneous and allowed
to stand for 30 min. Different concentrations of glucose solu-
tions were prepared as a standard, and the same treatment
as the sample was applied. The Dubois method*® carried out
quantification. The maximum wavelength of absorption was
492 nm. The values of the samples were obtained from the
calibration curve. The results were expressed in mg / g of fresh
mass equivalent to glucose.

Soluble phenols bound to the cell wall (total phenols)

100 pL of the plant extract was taken and diluted with
ImL with distilled water. Subsequently, 100 pL of the Fo-
lin-Ciocalteau reagent was added, and it was left to stand for
5 min. 600 pL of IM NaOH saturated with Na2C03 was im-

Solvent/developer system

n-butanol: acetone: glacial acetic acid: water (35:

35: 10: 20), developer 2% ninhydrin in ethanol.

-~

4), developer |

Naphthol in acid

Ethyl acetate-formic acid-glacial acetic acid-water |

(100: 11: 11: 10), UV developer 254 and 365nm

Amino acids, such as free proline

A 20 pL aliquot of the plant extract was taken and diluted
to a volume of 0.5 mL with distilled water. This was mixed with
0.5 mL of ninhydrin and 0.5 mL of acetic acid. It was stirred to
homogenize and subsequently placed in a water bath at 100 °
C for 1h. It could cool. 2 mL of toluene was added, and it was
stirred vigorously. L-proline solutions of different concentra-
tions were prepared and the same treatment as the sample
was applied as a standard. For quantification, a colorimetric
method was used using ninhydrin as a reagent. The maximum
absorption length was 520 nm?6. The values of the samples
were obtained from the corresponding calibration curve. The
results were expressed in mg / g of fresh mass equivalent to
L-proline.

mediately added and left to incubate at room temperature for
1h. Chlorogenic acid solutions of different concentrations were
prepared as a standard. The same treatment as the sample
was applied. Quantification was carried out by the Folin —Ciou-
calteu spectrophotometric method'®?°, The values of the sam-
ples were obtained from the corresponding calibration curve.
The results were expressed in mg / g of fresh mass equivalent
to chlorogenic acid.

Routine determination by HPTLC method

Once the thin layer chromatography was developed appl-
ying the conditions required for the analyzed sample and var-
ying the concentration of the standard, maintaining a seeding
volume of 3 L in each case, a photo was taken of each plate at
a wavelength of 254 nm using a UV radiation lamp and main-
taining the same focal distance for each of them. Said photo
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was subjected to an executable program in MATLAB supplied
by the laser laboratory of the School of Chemistry of the UCV
Faculty of Sciences for the construction of the corresponding
calibration curve.

Statistical analysis

Analysis of variance and test of means were performed on
all the variables under study, applying the Di Rienzo, Guzman,
and Casanova's test (DGC). For this, the statistical program In-
foStat 2013 (Di Rienzo et al.)?.

|
Results

Qualitative analysis. Visualization of the chemical profile
of the varieties

Figure 1 shows the chromatographic profiles of the di-
fferent primary and secondary metabolites evaluated: amino
acids, carbohydrates, and flavonoids, indicating the solvent
systems, developers, and standards used.

Quantification of free L-proline and proteins

Table 1 shows the results for the concentration of amino
acids expressed as L-proline and proteins for the three repli-
cates analyzed in the four varieties studied and the statistical
analysis results.

Quantification of soluble carbohydrates and phenols

The quantification of soluble carbohydrates and total phe-
nols is described in table 2, where the results of the statistical
analysis are also expressed.

Routine quantification by HTLC in the Morus alba
varieties: Maracay and Boconé and anti-radical activity

Table 3 shows the results of the routine quantification in
the varieties that chromatographically gave positive results for
this flavonoid, in addition to the determination of the anti-radi-
cal activity with DPPH, for the evaluation of the antioxidant ac-
tivity of the extracts of the varieties under study also indicates
the results of the statistical analysis.

|
Discussion

Qualitative analysis. Visualization of the chemical profile

The primary and secondary metabolites (amino acids, car-
bohydrates, proteins, and phenolic compounds) produce bene-
fits to other living organisms that feed on the plants that con-
tain them, facilitating their growth and development. In some
studies, it has been shown that feeding different animals with
mulberry leaves produces an increase in the meat's quality
and other characteristics of the animals?*%,

Of the 20 essential amino acids present in mulberry lea-
ves, the concentration levels of Proline, Glutamine, Glycine,
and Valine? are considerable. It is possible to observe on the
chromatographic plate (fig 1-1) a series of purple-violet spots
associated with these compounds and a yellow-orange spot of
Rf 0.36 corresponding to L-proline. Additionally, the arginine
pattern Rf 0.17 could be observed. By comparing the chroma-
tographic profile of the four varieties studied with the L-proline
standard, this amino acid's presence could be detected, with
different intensities, in all the samples studied. Concerning
carbohydrates, a very complex composition of monosaccha-
rides and polysaccharides is proposed, highlighting the con-
centrations of glucose and sucrose®; The qualitative analysis
of the varieties Tachira, Maracay, Bocond and Yu-62, (fig 1-I1),
compared with the sucrose and glucose standards, showed
spots coinciding with the standards, which shows their pre-
sence.

In the phenolic compounds for the chromatographic
analysis, analysis conditions were used that allowed the de-
tection of both flavonoids and glycosides thereof, considering
previous reports of the detection of these metabolites in the
species??, Figure 1-lll shows the chromatographic profile of
the different varieties studied and their comparison with the
routine pattern, which appears as an orange spot under 365
nm UV light (Rf: 0.31), in two of the four varieties studied. For
the Bocond and Yu-62 varieties, this flavonoid's presence was
not detected; however, in the chromatographic profile, another
spot with a possible flavonol nucleus appears with an Rf of
0.91, which was detected in all the varieties studied and which

Figure 1. Chromatographic profile of the different metabolites detected in the four varieties under study.

I. Amino acids. (Tachira (T), Maracay (M), Bocond (B), Yu-62 (Y)) and control substance (L-proline (P), L-arginine (A)). Solvent
system: n-butanol: acetone: acetic acid: water (35: 35: 10: 20) Detection system: ninhydrin in n-butanol

Il. Carbohydrates (Tachira (T), Maracay (M), Bocond (B), Yu-62 (Y)) and control substance (L-proline (P), L-arginine (A)). and con-
trol substance (sucrose (S), glucose (G)). Solvent system: 2-propanol: n-butanol: water (12: 3: 4) Detection system: a-naphthol

in sulfuric acid.

lIand IV. Flavonoids. 1 and 2: Routine; 3: Tachira; 4: Maracay; 5: Bocond; 6: Yu-62; 7: chlorogenic acid; 8: gallic acid. Solvent
system: ethyl acetate: formic acid: acetic acid: water (100: 11: 11: 10) Detection system: NP / PE
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Table 1. Concentration of free proline and proteins present in leaves of the varieties of Morus alba L.

Table 2. Concentration of carbohydrate and phenolic compounds in leaves of the of Morus alba L varieties.

Table 3. Routine concentration and anti-radical activity of the varieties.

could be associated with the presence of gallic acid. In the
same way, intense white fluorescence spots were detected
for all varieties, one of them with an Rf: 0.45, which refers to
the possible presence of chlorogenic acid. Quercetin could be
associated with a yellow stain with an Rf value of 0.74 obser-
ved in all the studied varieties, but with a lower intensity in the
Bocond and Yu-62 varieties.

Quantification of amino acids (free L-proline) and proteins

For different varieties of Morus alba cultivated in Cuba,
Martin et al.25 have indicated the presence of the 20 essential
amino acids and that of them L-proline, valine, arginine and
leucine were the most abundant, with quantitative differences
between them; but the L-proline values were around 2.13%
DM (dry mass).
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The increase in the concentration of amino acids and
L-proline is an indicator to evaluate plants' stress state be-
cause, in these conditions, they tend to accumulate free amino
acids as a defense mechanism, reducing protein synthesis.

The results achieved the% (DM) values of L-proline below
those obtained for the Cuban varieties (table 1), with the Mara-
cay variety being the lowest value. Regarding the comparison
between them, the analysis of variance and the tests of means
obtained allowed to observe significant differences of the Ta-
chira and Bocond varieties for Yu-62 and Maracay for P <0.01.

Proteins are essential factors for studies related to the
nutritional contribution of forage species for animal feed.
Plants of the genus Morus have a high protein content (14-28%
on a dry basis)?®3%2 making them an exciting alternative in the
agricultural area.

In the analyses carried out for the mulberry varieties, low
protein values were reached (Table 1), comparable with tho-
se found in the Cuban varieties evaluated by Céceres et al.*®,
which obtained values close to the Maracay, Bocono, and Ta-
chira varieties. According to the variance analysis and the test
of means, significant differences could be observed P <0.01
between them, the Maracay being the one that presented the
highest protein concentration and the Yu-62 the lowest.

Different authors have pointed out the influence of some
factors on protein variability in the genus Morus. Some con-
sider that the highest crude protein values depend on the re-
growth age and the time of year?, while others have outlined
the influence of climatic conditions and the use of fertilizers®
823436 |n this case, it is considered that when the plants were
in the greenhouse, it could have affected the regrowth age and
the non-use of fertilizers.

Quantification of soluble carbohydrates and total phenols

Carbohydrates are the metabolites found in greater quan-
tity in plants, playing an essential role since they provide the
necessary energy for the various vital functions in which they
participate, mention the formation and growth of tissues, and
be associated with recovery plant after pruning. The photosyn-
thetic process mediates the source of soluble carbohydrates
in the plant; therefare, environmental factors such as access
to water, leaf surface (size of the leaves), and temperature,
among other factors, play an essential role®°,

The fact that the studied varieties were in a greenhouse
where the incident radiation was necessary, together with a
cool environment provided by the non-direct interaction with
other plants and a constant watering during the analysis period,
allows the studied varieties in the nursery phase they carry out
their photosynthetic process efficiently, being evidenced by the
size of the leaves despite not observing a great leaf mass.

The variety with the highest concentration of carbohydra-
tes was Bocond, while Tachira had the lowest value (Table 2).
The analysis of variance showed significant differences for P
<0.01 between the varieties.

Generally, as a product of their normal secondary meta-
bolism, all plants can biosynthesize a high number of phenolic
compounds, some of which are essential for their physiological
functions and others are useful to defend themselves against
stressful situations (water, light, )1%4°,

In the results obtained (table 2), the highest concentra-
tions of this metabolite belong to the category of phenols
linked to the cell wall in which the environmental conditions
to which the species are subjected will have a direct impact.
Being under the same conditions, the response obtained is
characteristic of each variety.

Soluble phenols had the lowest concentrations, which can
be associated with defense against pathogenic organisms that
directly affect the internal cell system, as shown in some re-
ports in the literature®-43,

The variance analysis and the test of means showed hi-
ghly significant differences (P <0.01) between the varieties for
soluble phenols. The highest concentration was obtained in
Téchira, while the others behaved statistically similar among
them. In the case of phenols bound to the cell wall, there were
significant differences between varieties; the Yu-62 and Boco-
no cultivars presented the highest values and surpassed Tachi-
ra and Maracay, a similar behavior to each other.

Routine HPTLC Quantification and Anti-Radical Activity

According to Polumackanycz'®, rutin, quercetin, and api-
genin are the main bioactive phenolic compounds present in
mulberry leaves. Flavanols are the ones that contribute the
most to the antioxidant activity in the leaves of the Morus alba
species (Flaczyk et al.*%), the most representative compound
being rutin (quercitin-3-rutinoside). In the qualitative tests ca-
rried out by TLC, rutin could not be visualized in the Bocond
and Yu-62 varieties.

The values obtained for Tachira and Maracay are shown
in table 3. Significant differences were observed for P <0.01
between the two varieties, with Maracay presenting the hi-
ghest value. The concentrations found were low compared to
those published in the bibliography*#445 although the climatic
conditions develop differently from the study object, which in-
fluences the results.

Regarding anti-radical activity, the highest IC is the one
corresponding to the lowest activity value. It was to be expec-
ted that the trend that should be seen in the antioxidant acti-
vity would be the same visualized for the content of total phe-
nols; however, the results obtained showed different trends in
which the contribution of other metabolites present in some of
the varieties could influence, whose synergistic or summative
effect contributed to the results found. The analysis of varian-
ce showed highly significant differences (P <0.01) between the
varieties.

Some authors*®“" have reported distinct IC_ values for va-
rieties of the genus Morus, but in the comparison between the-
se and the results obtained, the analysis conditions, the type
of extract (extraction method and solvent used), the concen-
tration of DPPH used, and reaction time, among many others.

However, the differences between the varieties studied,
where the agroecological conditions are the same, are used,
maybe due to each variety's intrinsic characteristics.

A joint analysis of the four varieties allowed to establish
that the Tachira variety presented the highest content of ami-
no acids (L-proline), soluble phenols, and anti-radical activity;
the Macacay variety exhibited the highest protein content and
Bocond the highest concentration of carbohydrates, so each of
them can be used depending on the objective to be pursued: for
animal or therapeutic feeding purposes.

|
Conclusions

The analysis of the four varieties allowed to establish that
the Tachira variety presented the highest content of amino
acids (L-proline), soluble phenols, and anti-radical activity; the
Macacay variety exhibited the highest protein content and Bo-
cond the highest concentration of carbohydrates, so each of
them can be used depending on the objective to be pursued:
for animal or therapeutic feeding purposes.
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Assessing the predatory activity of Arthrobotrys oligosporus strain C-2197
as biocontrol of the root-knot nematode Meloidogyne spp.
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Abstract: The root-knot nematode, Meloidogyne spp., is an endoparasite that infects plants' root system and causes yield losses in
several important crops. Meloidogyne is one of the most devastating pests, so searching for effective biological agents is needed to
mitigate its damage. In this study, the predatory activity of Arthrobotrys oligosporus Fresen strain C-2197, obtained from a tropical
dry forest of Ecuador, was evaluated as a biocontrol alternative for root-knot caused by Meloidogyne spp. Our results showed that
A. oligosporus C-2197 has predatory activity against juvenile nematodes, 72.31%, and 79% efficacy, for in vitro and greenhouse
conditions. Besides, the studied strain showed growth-promoting activity, increasing leaf and root area of inoculated plants. Growth
promoting activity was also observed in field tests. The present study validates the potential use of A. oligosporus as a biocontrol
of Meloidogyne spp. in tomato production systems under greenhouse. It also presents useful information on the use of different

cultivation media and substrates for massive A. oligosporus spore concentrates.

Key words: Arthrobotrys oligosporus, Meloidogyne, biocontrol, root system.

|
Introduction

Phytoparasitic nematodes are considered one of the grea-
test threats to agriculture worldwide, with estimated losses
exceeding $100 billion per year. Nematodes of the genus Me-
loidogyne are the essential phytoparasitic pathogens from an
economic and scientific standpoint?® as they can affect more
than 2,000 species of plants*, including cultivars of enormous
food importance®®. Previous studies have described 100 spe-
cies belonging to the genus Meloidogyne’, of which M. incogni-
ta, M. javanica, M. hapla and M. arenaria have been reported in
Ecuador®®, causing damage on more than 25% of the horticul-
tural yield production of the country?©,

The management of Meloidogyne spp. is cumbersome as
different reproductive strategies allow this species to adapt
quickly to a wide range of temperatures and environments*.
This group's high diversity and the intensive crop production
practices exacerbate their incidence and facilitate their disper-
sal across fields'?!®, These nematodes attack exposed roots by
modifying their structure and growth, causing the formation of
giant cells due to nutrient uptake!*, which translates, someti-
mes in a short time, into low yield*®.

With the growing advance of agriculture, chemical pestici-
des were developed'® to overcome this problem. However, their
frequent use has caused several side effects, affecting soil
health by reducing biological activity'’. Another concern about
pesticides is the risk they pose to human health, including in-
fections, malignancies, lung inflammation, and others!®*®, New
regulations regarding the use of these chemicals continue to
be enforced by international agencies to help alleviate the ne-
gative effect of their use in farmers' lives?. In this regard, the
search for alternatives to mitigate the effect of nematodes
less environmentally damaging and safer for human use is hi-
ghly encouraged. Among those, biological control agents are a
feasible option for pest management?. Examples clearly have
shown that controlling agents can reduce root-knot nematode
populations and damage levels? up to 45% compared to un-

controlled conditions?,

Within the gamma of antagonistic microorganisms, nema-
tophagous fungi outstand this activity on trapping and devou-
ring nematodes using specialized structures that allow them
to penetrate the cuticle's nematode to grow inside, utterly
killing them?*%, Although their habitat is the soil, these fun-
gi can change their lifestyle from saprophytic to pathogenic
once they contact the nematode??’. Some reported modes of
action include the development of specialized traps such as
constriction rings, non-constriction rings, adhesive knobs, ad-
hesive nets, and adhesive columns??°, Some more specialized
species, such as Arthrobotrys oligosporus, can even produce
volatile compounds to attracts their prey until the mycelial
traps are ready to function correctly, which in some cases, can
take more than twelve hours to form®,

A. oligosporus grows in soil, around roots, and animal fe-
ces®, but found particularly in nematode-infested soils®?. This
fungus has significantly reduced pathogen populations®, It has
been extensively studied under laboratory and semi-controlled
and open field conditions in tomato production® %, Thus, the
search for new strains of A. oligosporus with similar or better
nematophagous activity can help develop new products for
controlling Meloidogyne spp. in Ecuador to improve tomato's
local production. This study's objective was to evaluate the
predatory activity of A. oligosporus strain C-2197 against the
root-knot nematode Meloidogyne spp.

|
Methods

A. oligosporus strain C-2197 was isolated from decompo-
sing leaves collected at the site of Santa Rosa, EL Oro province
(Ecuador), in a forest adjacent to a coffee plantation with limi-
ted anthropogenic activity. The samples were collected in plas-
tic bags and taken to the laboratory, where they were placed
in humid chambers for fifteen days®?". After the isolation and
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identification of this fungus using taxonomic keys, monoconidial
colonies were obtained for later use. A. oligosporus C-2197 was
deposited in the Microorganism Culture Collection of the Bio-
technology Research Centre of Ecuador (CIBE) with the code
CCMCIBE-H481. To maintain the predatory activity of our strain,
the colonies were kept in cornmeal agar media (CMA)®,

For this study, the initial population of Meloidogyne spp. was
obtained from tomato plants of the Granja Agricola Experimen-
tal (GEA) located in the Escuela Superior Politécnica del Litoral
(ESPOL). To maintain the nematode population, hybrid ABM-135
tomato plants were infected and kept in the greenhouse.

The growth of A. oligosporus C-2197 was evaluated in six
different culture media: water agar, v-8 juice agar, corn meal
agar (CMA), carrot agar, cornmeal + carrot agar, and oat agar.
Radial growth was measured every 24 hours up to eight days.
During this time, the Petri dishes were incubated at 280C.
Then, spore counts were performed in solutions obtained after
scraping the colonies' surfaces with 5 ml of sterile water. The
number of spores was calculated using a Neubauer camera.
The experiment included five replicates per treatment.

To evaluate the predatory effect of A. oligosporus C-2197
under laboratory conditions, ten egg masses of Meloidogyne
spp. were placed in Petri dishes with water agar. After 24 hours
from the juvenile nematodes' appearance, 1 ml of spore solution
of A. oligosporus C-2197, previously adjusted to 1x10°8 cfu/ml,
was poured into each Petri dish. This trial included the evalua-
tion of ten replicas (Petri dishes) placed at ambient temperatu-
re. After 24 hours of incubation, the number of live, dead, static,
parasitized, and non-parasitized nematodes were evaluated.

To assess the effect of A. oligosporus C-2197 under green-
house conditions, three-week old ABM-135 hybrid tomato
plants were inoculated with ten egg masses of Meloidogyne
spp. four days before placing the spore suspensions (1x108 cfu/
ml) of the biocontrol. For this experiment, spore suspensions
were obtained from colonies growing on a natural fiber subs-
trate. The experiment was conducted following a completely
randomized block design with four plants per treatment with
four replicates (N=48), including T1 - A. oligosporus (AOL); T2
- Chemical control (NQ), and T3 - Water (CONTROL). Nema-
tode root infection was evaluated by counting the number of
egg masses and determining root-knot damage®. Response
variables included plant height, stem diameter, fresh and dry
weight of the plant, fresh and dry weight of the roots.

Finally, the effect of A. oligosporus C-2197 was also eva-
luated in small field plots. Tomato plants previously infected
with ten egg masses of Meloidogyne spp. and then planted in

the field were treated with 1 L of a spore solution (1x10° cfu/
ml) of A. oligosporus C-2197 sprayed directly on a "Bio-cover"
(made of banana fiber woven with straw from rice ) (Figure.
1 A-B). The experiment included plants treated with a com-
mercial product and negative control for proper comparison.
In total, 10 plants were evaluated per treatment for six weeks
following a completely randomized block design. Response
variables included plant height, number of flowers and fruits.

|
Results

The radial growth experiment showed that A. oligosporus
C-2197 has a differential growth response in all media eva-
luated (Figure. 2A). The fungus thoroughly colonized the Petri
dishes' surface, in some cases, from the fifth day. Of the six
media evaluated, the best results were observed with oatmeal
and cornmeal agar + carrot agar, however, no significant diffe-
rences were found (Figure 2B). Sporulation of A. oligosporus
C-2197 was highly increased with significant differences (p <
0.05) in v8 juice agar and corn meal agar CMA. Spore count in
these treatments was higher than 1x10° cfu/ml after nine days
of mycelium growth. In contrast, the fungus produced fewer
spores on water agar and carrot agar (Figure 2C).

The in vitro confrontation test revealed that A. oligosporus
C-2197 had a control efficiency of 72.31% over the total num-
ber of nematodes exposed to the fungus. This percentage in-
cluded dead and static nematodes (Figure. 3 A-B).

Control activity against Meloidogyne spp. was also obser-
ved in the greenhouse assay. Plants treated with A. oligosporus
showed better root development than controls (Figure. 4) and
significant differences in nematode egg mass reduction, with
an effectiveness of 79%, compared to the negative control
(Table 1). The plants' root health treated with A. oligosporus
also correlated with the increase of plant height at the end of
the experiment, which differed significantly from the controls
(Figure. 5). Levels of root nematode infestation also differed
among treatments. Plants treated with A. oligosporus and the
commercial product showed less root-knot damage (values
between 0-2) than the control (values 3-4), according to the
qualitative scale used.

Field experiments also showed plants treated with A.
oligosporus had better development (20 cm above control
plants) (Table 2); however, there were no significant differen-
ces regarding the number of flowers and fruits produced by
plants on each treatment.

Figure 1. (A) Inoculum production of A. oligosporus C-2197 in flasks under controlled conditions. (B) "Bio-cover" inoculated with
A. oligosporus C-2197 surrounding hybrid tomato plants ABM 135 after 2 weeks of transplant in field plots.
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Figure 2. (A) Comparison of the growth of A. oligosporus C-2197 in different media, evaluated on the second, fourth and sixth day.
(B) Radial growth of A. oligosporus C-2197 cultivated in six different media cultures: water agar, v-8 juice agar, corn meal agar CMA,
carrot agar, cornmeal + carrot agar, and oatmeal agar. (C) Spore production of A. oligosporus C-2197 on different culture media.

Figure 3. (A) Response percentage of the application of A. oligosporus against the nematode Meloidogyne spp. under in vitro
conditions. (B) Nematodes trapped in three-dimensional webs of A. oligosporus C-2197

Table 1. Effect of A. oligosporus on tomato plants inoculated with the root-knot nematode Meloidogyne spp. in greenhouse conditions.
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Table 2. Evaluation of A. oligosporus C-2197 on some physiological and agronomic traits of tomato (Solanum lycopersicum)

plants hybrid ABM 135

|
Discussion and Conclusions

In the present study, laboratory, greenhouse, and field
tests were conducted to assess the activity of A. oligosporus
C-2197 as a biocontrol for Meloidogyne spp. The in vitro tests
showed that A. oligosporus C-2197 grew differently depending
on the type of medium used, similar to previous reports4,
Our results are also consistent with previous work on the pre-
datory activity of A. oligosporus controlling second instar ju-
veniles of Meloidogyne spp. This fungus specializes in the for-
mation of capture nets and demonstrates the ability to attract
nematodes®?“ and the production of toxins that paralyze the
movement of juveniles®.

Greenhouse tests confirmed the control activity of A. oli-
gosporus C-2197 on the nematode population studied. This
strain also showed growth-promoting activity for root develop-
ment and leaf area. These data coincide with previous findings

also reporting growing stimulus of plants after been treated
with A. oligosporus, increasing production on tomato, rice, and
carrot crops?®344749, | aboratory results showed that A. oli-
gosporus C-2197 could develop well in substrates with high
carbon and nitrogen ratios related to its saprophytic lifestyle,
a necessary feature to establish in the soil outperform other
saprophytic competitors®©st, This characteristic facilitates the
search for cheap substrates that can be implemented for mas-
sive scale production of a commercial product based on this
strain®.

In the present study, the application of A. oligosporus to
the soil did not significantly affect nematode populations. More
extensive field trials with A. oligosporus C-2197 are needed, as
the "Bio-cover" may have affected the control of the fungus'
efficacy. Evidence shows the efficacy of A. oligosporus to trap
nematades can vary when conditions are too variable® .

In conclusion, it was demonstrated that A. oligosporus
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Figure 4. Greenhouse tests results. Evaluation of the root
system.

C-2197 showed significant efficacy in controlling nematodes
in the laboratory and greenhouse, capable of reducing the tar-
get nematode population. Besides, A. oligosporus C-2197 had
growth-promoting activity on tomato plants. This study shows
the potential use of A. oligosporus C-2197 for Meloidogyne
spp's biocontrol, specifically as a management alternative for
tomato production in greenhouse conditions.
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Abstract: Modern humans' unique cognitive abilities regarding Neanderthals and other primate's lineages are frequently
attributed to the differences in brain size development and evolution. However, recent studies have established the critical role
of genomic and genetic benchmarking in analyzing the cognitive evolution between modern humans and primates, focused
mainly on searching for involved genes in neurogenesis. PSD395 protein (named PSD95p) has a key role in modulating synaptic
plasticity, learning, and memory skills. Thus, the present study aimed to determine the possible variations of the PSD35 gene
between modern humans, Neanderthals, and other hominid primate species using bioinformatics tools. The results showed 14
polymorphisms compared with the contemporary human PSD95 gene, of which 13 were silent mutations, and only one was
a non-silent mutation at the nucleotide position 281. Despite polymorphisms found at the nucleotide sequences, the PSDS5p
of humans and chimpanzees are 100% identical. Likewise, the gorilla and orangutan PSD95p are 100% identical, although a
103-amino acid deletion characterizes them at the N-terminal end (1-103), suggesting that it behaves like a non-functional
protein. Interestingly, the single nucleotide polymorphism (SNP) found at position 281 in the Neanderthal PSD95 gene leads
to a change of the E®* to valine V% in the polyubiquitination domain (PEST) and variation in the three-dimensional structure of
PSD35 protein. We prompt that this structural change in the PEST domain could induce a loss of PSD95p function and, therefore,
an alteration in synaptic plasticity forms such as long-term potentiation (LTP) and long-term depression (LTD). These findings
open a possible hypothesis supporting the idea that humans' cognitive evolution after separating our last common ancestor with

Neanderthals lineage could have been accompanied by discrete changes in the PSD95p polyubiquitination domain.

Key words: Evolution, cognitive development, intelligence, memory, ARC gene, PES.

|
Introduction

Since our last common ancestor's divergence with
Neanderthals, the early humans' evolution process, between
430,000 to 765,000 years ago**, and with chimpanzees, be-
tween 4 to 7 million years ago®8, has become a subject of great
controversy. One of the most relevant issues within this matter
is precisely the interbreeding that humans and Neandertha-
ls could have after migrated from Sub-Saharan Africa in two
events. The first time carried out 100,000 years ago* and the
second time 50,000 years ago®"°, Based on studies of fossil
remains, it has been reported that the second interbreeding
event allowed the introgression of around 6-9% of the Nean-
derthal genome into the early human genome*’. However, due
to positive selection processes, a recent Asian and European
genomes analysis has shown that the percentage of gene-
tic segments introgressed from Neanderthal to human fell
1_3%3‘7,11,12.

The persistent Neanderthal genes in the genome of mo-
dern non-African humans are mainly those involved in pheno-
typic traits, directly influenced by the environment and other
genes involved in both cognitive and skeletal development®®,
Consequently, these genes have been linked to the expansion
of modern humans throughout Europe, which subsequently
led to the disappearance of Neanderthals 30,000 years ago®*®,
Nevertheless, it is evident that beyond a disappearance, Nean-
derthals were diluted in the early human genome.

On the other hand, despite the evolutionary processes in
time and space between modern humans and chimpanzees,

unlike Neanderthals, it has been found that their genome is
98.7% identical®8. Despite their high identity percentage, li-
kewise other hominids, chimpanzees also differ from modern
humans in many morphological, behavioral, and cognitive cha-
racteristics®.

Modern humans' behavior and unigue cognitive abilities
concerning Neanderthals and other hominid primates have
been attributed to the brain's evolution process®*!¢ Several
studies have suggested that the lower development of the
brain's cranial capacity and organization could be the possi-
ble cause of the Neanderthal extinction**'#?, Based on the-
se facts, it has been reported that the Neanderthal adaptive
system was unable to survive the competitive environment
with modern humans???, therefore, emphasizing that modern
humans had a more remarkable cognitive ability to develop
adaptive strategies*’. However, a report described that the
Neanderthals and modern humans had similar brain sizes,
advocating that it is wrong to infer differentiated cognitive
development between these two species based on archaeo-
logical data analysis?®. Recent studies reveal the importance
of molecular biology and bioinformatics tools for the cognitive
development investigation between modern humans and their
common ancestors, which are focused mainly on the search of
involved genes in neurogenesis, a mechanism associated with
learning and memory developments®!824 Therefore, it has
been suggested that the evolutionary development of the bra-
in is a direct cause of a more significant generation of neural

Facultad de Ciencias de la Vida, Ingenierfa en Biotecnologia. Universidad Regional Amazdnica Ikiam, Tena, Ecuador.
2 Grupo de Microbiologia Aplicada, Universidad Regional Amazénica lkiam, Tena, Ecuador.

Corresponding author:leopoldo.naranjo@ikiam.edu.ec



Michael Zuarez-Chamba, Luis Puma, Jorge Bermeo, Eugenio Andrade, Stalin A. Bermidez-Puga & Leopoldo Naranjo-Bricefio

Volumen 6 / Nimero 1 http://www.revistabionatura.com

networks, hence the rounded form that has been attributed to
the modern human brain compared with the elongated shape
of the Neanderthal brain?.

Likewise, it has been found that the regulation of genes
involved in the migration and detrital development of neu-
rons has led to a dissimilar functional development between
the neurons of humans, chimpanzees, and bonobo®. In-silico
analysis done in this work are not enough to confirm that the
polymorphism of the PSDS5 can be associated with neural ne-
tworks. However, the results open a window to the scientific
community because they allow knowing and infer a possible
cause in the cognitive development differences between Nean-
derthals and modern humans and other primates.

It is known that the learning process through memory lies
in the organization of neurons and their interactions?. Memo-
ries are stored in a neuronal circuit by synapse mechanisms
and specific neurons?. Synaptic plasticity or dynamic changes
of neuronal connections change the neuron's chemical com-
position and its capacity to communicate with its neighbors.
Also, that allows the generation of new functional neurons
(neurogenesis), contributing even more to plasticity?”. The me-

chanisms involved in synaptic plasticity changes are long-term
potentiation (LTP) and long-term depression (LTD), characte-
rized by an increase and weakening of the synaptic force, res-
pectively. Therefore, the favoring of LTP and the development
of memory and learning have been associated with an increa-
sed expression of the PSD95 gene, which encodes a protein of
postsynaptic density 95 (PSD95p) characteristic of an electro-
dense region called postsynaptic density?2,

PSD95p is a specialized scaffold protein composed of
several multiple protein interaction domains that include: i) a
polyubiquitination domain (PEST), i) three PDZ domains, iii) an
SH3 domain, and iv) a guanylate kinase (GK)-like domain®-%2,
PSD-95p is the best-studied protein of the guanylate kina-
se-associated membrane family (MAGUK)®C. Within this family,
there are other scaffolding proteins such as SAP102, SAPS7,
and PSD93%2. PSD95p with PSD93p can interact in postsy-
naptic sites to form a multimeric scaffold for grouping asso-
ciated receptors, ion channels, and signaling proteins®3%3, As
shown in Figure. 1, PSD95p is the anchoring axis of a complex
of postsynaptic proteins, ion channels, and NMDA receptors
(N-methyl-D-aspartate) and AMPA (a-amino-3-hydroxy-5-
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methyl-4-acid isoxazole propionic) type. The presence of the
NMDA and AMPA proteins is essential in the synaptic plasti-
city and cognitive functions development. However, their co-
rrect function will depend directly on the presence of PSD95p.
For this reason, this study was only focused on the function
of PSD95p, which plays an essential role in synaptic plasticity
during LTP by allowing better localization of AMPA receptors
in the synaptic membrane; thus, inducing an increase in the sy-
naptic connections' strength between neighboring neurons®#7,

Experiments performed in mice have shown that muta-
tions in the gene that encodes the PSD95 protein lead to a
deficit in learning and memory abilities, abnormal social be-
havior, repetitive behaviors, increased stress, anxiety-related
responses, and different motor alterations®+%, In the case of
mutations and erroneous genetic variants in the ARCp-PS-
D95p complex, it has been found that there may be a high
susceptibility to schizophrenia, autism disorders, intellectual
disabilities, epileptic mutations, and abnormal variants in in-
telligence®3%40 In future works, mutation analysis in the other
proteins involved with cognitive development, such as ARCp,
AMPA, and NMDA receptors, among others, will be elucidated.

In this research, we hypothesized that if in an evolutionary
past, humans acquired specific variations in the nucleotide
sequence of the PSD395 gene, then the structure and function
of PSD95p, as well as the development of cognitive abilities,
could have been improved compared to Neanderthals and
other primates of the Hominidae family.

Hominidae family: Possible implications in cognitive functions?

(Neanderthal), Pan troglodytes (Chimpanzee), Pan paniscus
(Bonaobo), Gorilla gorilla (Gorilla) and Pongo abelii (Orangutan).
The PSD95 nucleotide (without introns) and PSD395p amino
acid sequences of human, Chimpanzee, bonobo, gorilla, and
orangutan were downloaded from the Ensembl Database®
and GenBank database*’. The Neanderthal's nucleotide and
amino acid sequences were downloaded from the Neanderthal
Genome database*®, as shown in Tables 1 and 2.

Due to the present study’'s complexity, only one sequence
was selected per Hominidae primate’s species studied. Howe-
ver, in the case of Neanderthals, there is only one access to
a sequenced genome in the Neanderthals Genome database.

In spite that this approach only uses one sequence by a
specimen to make the comparison between species regarding
PSD95 genes and proteins, it is useful to release scientific
questions and hypothesis and to planning strong in vivo and in
vitro experiments allowing to determine the relationships be-
tween variations of the polyubiquitination domain of the PSD3S5
protein and its possible implications in cognitive functions in
Homo neanderthalensis and other primates of the Hominidae
family, including modern human adequately.

Prediction of 3D protein structures

Prediction of the tertiary structure of human PSD5p was
performed with Protein Homology/analogy Recognition Engine
V 2.0 (PHYRE?2) server®, which also allowed us to predict the
3D structure domains have not been crystallized previously.
Prediction of the PSD5p 3D structures of Neanderthal, Chim-

Table 1. General characteristics of the studied Hominidae primates PSD95 genes.

Table 2. General characteristics of the studied Hominidae primates PSD95 proteins.
The multiple sequence alignments were performed with the MUSCLE server directly linked to the Molecular Evolutionary Ge-

netics Analysis software, MEGA X 10.0.5%

|
Materials and methods

Obtaining PSD95 sequences and multiple alignments

The primates selected for the present study were cho-
sen based on the species belonging to the Hominidae clade,
specifically: Homo sapiens (Human), Homo neanderthalensis

panzee, bonobo, gorilla, and orangutan was performed by
SWISS-MODEL server“® previous model generated for humans
as a template. Finally, the models obtained were analyzed
using PyMOL 2.3 software?.

Phylogenetic trees

Two phylogenetic trees were built using nucleotide and
amino acid sequences of the PSD95 gene and the PSD95p. The
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evolutionary history was performed using MEGA X“, the maxi-
mum Llikelihood method. Additionally, the Tamura-Nei model
was used*? for nucleotides and the model Le_Gascuel_2008%
for amino acids. To increase the reliability of the analyzed ta-
xa's consensus trees, a bootstrap corresponding to 2500 repli-
cates was established®.

To decrease the construction complexity of the consensus
tree that presents an optimal topology, the heuristic search
method was used. For this, an initial tree was automatically
obtained, applying the algorithms of Neighbor-Join and BioNJ
to a matrix of distances by pairs estimated using the Maximum
Composition Probability (MCL) approach, for the nucleotide
sequences. The heuristic search'’s initial tree was obtained by
applying the Neighbor-Joining method to a matrix of pairwise
distances estimated using a JTT model. The analysis involved
6 nucleotide sequences and 6 amino acid sequences.

|
Results

Polymorphisms are found in the PEST domain of the
PSD95 gene in Neanderthal and other primates of the
Hominidae family

Despite the high percentage of identity (Table 1), the re-
sults obtained showed 14 polymorphisms along the PSD3S5
gene (Figure. 2A). The Neanderthal PSD95 gene is different
from the human gene only by replacing one nucleotide at posi-
tion 281 (A% by T%8), Simultaneously, the Chimpanzee is diffe-
rent from humans by substituting two nucleotides at positions
75 and 1503 (A™ by C™ and T by C'%), The bonobo PSD95
gene is discriminated from humans by the substitution of 2
nucleotides at positions 75 and 1494 (A™ by C™ and T*% by
C%%) and by deletion of 9 nucleotides at positions 279-289 that
are highly conserved in humans, Neanderthal, and Chimpanzee
(5'..GAGTGMCAG...3"). Gorilla and orangutan were the species
that presented a lower percentage of identity with humans
(99.67 and 99.17, respectively). This differentiation is related to
the substitution of 5 and 8 nucleotides, respectively, and the de-
letion of 309 nucleotides in the 5'-end at positions 1-309 con-
cerning the human, Neanderthal, Chimpanzee PSD95 genes.

Change of A%! by T?%! in the Neanderthal PSD95 gene
leads to alteration of Glu® to Val® in the PEST domain.

Interestingly, as is shown in Figure 2B, the alignments of
amino acid sequences showed that, from the 14 polymorphis-
ms shown above, 13 correspond to silent mutations. Only one
mutation is a non-silent type, which was found in the Nean-
derthal PSD95 gene. This single nucleotide polymorphism
(SNP), based on substitution of adenine by thymine at position
281, led to a change of the glutamate residue at position 94
(E94R) by a valine (V94R) in the Neanderthal PSD95 protein.
Similarly, the deletion of the 9 nucleotides in bonobo led to a
madification of 3 amino acids (E94R-L95R-Q96R), and the de-
letion of 309 nucleatides in gorilla and orangutan led to a de-
letion of 103 amino acids at the N-terminal end of the protein
(position 1-103). On the other hand, the results indicate that,
despite the polymorphisms found in the nucleotide sequences,
the PSD95p protein from humans and chimpanzees are 100%
identical. Likewise, gorilla and orangutan proteins do not show
specific amino acid changes. An important fact is that overall
substitutions and deletions from species studied were found in
the PEST domain of PSD95p, as shown in Figure 2C.

The evolutionary history based on the PSD95p protein
indicates that modern humans have a greater kinship with
chimpanzees than with Neanderthals.

Using the maximum likelihood method, the evolutionary
lineage concerning the PSD95 gene shows us the three clades’
formation; the first one groups includes human, Neanderthal,
and gorilla. In this clade, we can observe that humans have a
greater kinship with Neanderthals than with gorillas (Figure.
3A). The second clade includes Chimpanzee and bonobo, and
the third one only consists of the orangutan.

Regarding the PSD95p protein, three clades are obtained
(Figure. 3B). However, because the polymorphisms found were
non-silent mutations, except for Neanderthal, differences
were observed in the first two clades described above for the
phylogenetic tree regarding the species’ PSD35 genes studied.
Thus, a first clade was observed for humans and chimpanzees,
a second clade for Neanderthals, bonobo, and gorilla, where
Neanderthal has a greater kinship with bonobo. Finally, no di-
fferences were observed in the third clade formed by the oran-
gutan.

|
Discussion

Proteins can fold in a specific way depending on the ami-
no acids that constitute them until forming three-dimensional
structures. Consequently, the function of a protein is directly
related to its structure. Based on the results based on PSD95p
sequences, we have shown that chimpanzees have a higher
percentage of identity with modern humans. However, studies
have shown that the cognitive differences between these two
species are not governed solely by structural changes in gene
products as proteins and gene expression levels are involved in
the different cognitive processes.

On the other hand, due to the SNP found in the Neander-
thal PSD95 gene, a change of glutamate © by valine (V) is ge-
nerated, leading to a modification in the 3D conformational of
the protein, as shown in Figure. 4A-B. Thus, we believe that the
function of the PSD95 protein from Neanderthal was possibly
affected, with a concomitant reduction in cognitive function
compared with modern humans.

Likewise, as a consequence of the SNP found in the Nean-
derthal PSD35 gene, a change of glutamate © by valine (V) is
generated, leading to a modification in the 3D conformational
of the protein and therefore in its function (Figure. 4).

According to previous studies, a change of the glutamate
amino acid within the PEST domain may lose its function. The
synaptic strength depends on the AMPA and NMDA type re-
ceptors, regulated in part by the PSD95 protein, which seems
depleted®®, Then, based on the conservation of the E94R-
L95R-Q96R motif (Figure. 5), it could be thought that the
modification in the E94R residue in Neanderthal could have
induced a loss of function of the PSDS5p protein. Likewise,
the signal peptide's de-palmitoylation at the N-terminal end
of the protein can weaken synaptic strength and lead to an
LTD. This sequence of about 24 amino acids, found upstream
of the PEST domain when undergoing a palmitoylation process
in cysteine, serine, or threonine residues, allows PSD95p to be
coupled postsynaptic membrane for subsequent anchoring of
receptors and other signaling and adhesion proteins®®54%, The-
refore, based on the mentioned above, it could be inferred that
the deletion of the N-terminal end of 103 amino acids in the
gorilla and orangutan protein may be, among other elements,
a probable cause that they have less cognitive development
than humans. Since PSD95p doesn't have a palmitoylation
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Figure 2. Multiple alignments of the nuclectide and amino acids sequences. (A) Polymorphisms are underlined with dark gray
color; substitution mutations are designated with red letters; deletion mutations are designated with dotted lines of red color.
Multiple alignments of the amino acid sequences. (B) Amino acids that have been substituted are represented with a red-letter,
deletions are designated with dotted red lines. (C) Localization of the mutations found in Neanderthal, bonobo, gorilla, and oran-
gutan. The green stripe represents the L27 domain consisting of 24 amino acids. The Grayline represents the polyubiquitination

domain (PEST) composed of 55 amino acids.

site, it cannot be located in the postsynaptic membrane for la-
ter anchoring of receptors and other proteins participating in
the modulation of the synaptic force.

On the other hand, it is known that PSD95p can form su-
percomplexes with both NMDA and non-NMDA receptors®’.
These supercomplexes are the ARC protein (ARCp), which
has been associated with learning processes and intelligence
development. According to Fernandez et al. (2017), PSD95p is
one of the proteins that interacts with ARCp in a superior per-
centage, finding that mutations in the PSD95p-ARCp complex
can lead to a learning impairment dependent on the hippocam-
pus®. The exciting results obtained in the present work could
give the first evidence of improved intelligence development
in humans compared to Neanderthals by allowing a modula-
tion between LTP and LTD. This is necessary to decrease the
synaptic connections between neurons that do not follow a se-
guential pattern due to the same stimulus, at the same time,

increasing the strength of synaptic connections between neu-
rons that are correlated®,

Finally, it has been established that the postsynaptic loca-
lization of AMPA receptors mediated by PSD95p plays a vital
role in the regulation intracellular Ca* ion concentrations in
postsynaptic cells®"%¢, The increase in Ca‘is thought to be a ge-
nerator of retrograde signaling that induces a more significant
release of neurotransmitters from the presynaptic neuron to
the synaptic space, leading to the same time to excitotoxicity®.
Also, according to Zhang et al., (2014), the high concentrations
of intracellular Ca* lead to the activation of the Ca* dependent
calmodulin protein, which, when bound to the N-terminal end
of PSD95p, inhibits the palmitoylation of PSD95p and, conse-
quently, its dislocation from the postsynaptic membrane®°.

As a result, higher production of NO is induced, subse-
quently resulting in the membrane's lipoperoxidation and des-
tabilization of the postsynaptic receptors®®., Consequently,
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Figure 3. Evolutionary history of the Hominidae primate's family concerning the PSD35 gene and its encoded protein. (A) The
genes' evolutionary history was inferred using the Maximum Likelihood method and the Tamura- Nei model. (B) The evolutio-
nary history concerning the proteins was inferred by using the Maximum Likelihood method and Le_Gascuel 2008 model. The
bootstrap consensus tree inferred from 2500 replicates both for genes and proteins represent the evolutionary history of the
taxa analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. Percen-
tages of replicate trees in which the associated taxa clustered together in the bootstrap test (2500 replicates) are shown next

to the branches.

pathologies, such as depression, post-traumatic stress disor-
der, and stroke are generated®. Therefore, it is suggested that
proteolysis by the proteasome of human PSD95p induced by
polyubiquitination could act as a regulatory mechanism in the
disengagement of AMPA receptors to decrease the flow of
Ca*?ions dependent on NMDA receptors (Figure. 6), favoring in
this way the modulation of the synaptic force between neigh-
boring neurons and so the increase of cognitive capacity.

|
Conclusions

In conclusion, these findings support the idea that the
cognitive evolution of modern humans after the separation of
our last common ancestor with Neanderthals and other ho-
minid primates could be have been accompanied by discrete
changes in the domain of polyubiquitination of PSD95p, which
has a crucial role in the modulation of synaptic plasticity and
cognitive development. However, it should be considered that
PSD95p is not the only protein involved in synaptic plastici-
ty processes. Therefore, to verify our claims, it is necessary
to perform in vitro and in vivo experiments to evaluate that
the change of glutamate by valine at position 94 in the PEST
domain could lead to the loss of the PSD95p functions and
concomitant deterioration of cognitive development. The in-si-
lico findings presented in this work are only the beginning and
could open a window for future robust investigations.
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Figure 4. Conformational changes in the PSD95p three-dimensional structure. (A) Complete 3D structure prediction of human
and chimpanzee proteins and the 3D structure of its N-terminus end are shown, indicating the glutamic amino acid E94 in balls
and sticks figures. (B) Prediction of the 3D structure of the Neanderthal PSD95p shows that its N-terminal end differs from
human protein. (C) The bonobo protein 3D structure is indicated, and, as well as the Neanderthal's, the N-terminal end diverges
from human PSD95p.

Figure 5.CConserved motifs in the PEST domain of the N-terminal end of diverse macro vertebrate proteins. The red color
indicates fully conserved motifs; the gray color indicates partially conserved maotifs and, the yellow color indicates the non-con-
served amino acids.
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Abstract: Thermal treatment of acidified bovine whey is one of the most efficient traditional methods for the recovery and use of
residual proteins in this byproduct and an alternative way of sustainable use of this type of resource. The yield of protein recovery
from residual whey obtained as a byproduct was evaluated using the acid thermo-coagulation method. Bovine whey samples were
collected in dry and rainy seasons and were subjected to acid thermo-coagulation, and the protein sample preparation was achieved
using the TCA/Acetone and TCA/Acetone/Phenol methods. The determination of peptides was accomplished by electrophoresis
SDS-PAGE. The TCA/Acetone/Phenol method reported better performance with a higher yield (22.2 pg/ml) than the classic TCA/
Acetone method (8.8 ug/ml). The proteins found in higher proportion in whey samples of the dry season, representing 82.6 % of the
total protein content, while in whey samples of rainy season equivalent up to 65.4 % of total proteins. The acid thermo-coagulation

technique showed high-efficiency performance in whey peptide recovery.

Key words: Electrophoresis, protein recovery, protein sample preparation, whey.
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Introduction

Considering the accelerated demographic expansion in the
planet, one of the most significant challenges is the conserva-
tion, improvement, and sustainable use of natural resources for
food and agriculture, as said by the United Nations Food and
Agriculture Organization (FAQ). This common interest has pro-
moted the endless search and development of new technologies
that allow the optimization in the use of available resources, gi-
ving added value to byproducts of primary processes, reducing
production costs, and mitigating the environmental impact®.

Whey is the liquid byproduct generated in cheese pro-
duction; its recovery and use has been studied and is widely
known?3; nevertheless, in developing countries as Ecuador, the
use of whey is still limited, restricted to animal feeding, and
the unused residue is discharged to the environment without
previous treatment’, as a contaminant of soils and waters.
This work was carried out to determine the recovery yield of
bovine whey proteins using acid thermo-coagulation. The acid
thermo-coagulation was studied at three different temperatu-
res; two protein sample methods were compared, TCA/Ace-
tone and TCA/Acetone/Phenol, and the peptide profiles were
evaluated from whey collected in dry and rainy seasons.

Lacto-serum has excellent importance from the nutritio-
nal point of view®, because it is rich in high biological value pro-
teins*and is a high nutritive value food®”’, with a high content of
essential amino acids®®.

Bovine whey proteins contain a higher quantity of bran-
ched-chain amino acids (BCAA) and essential amino acids than
other sources'®, Whey is additionally an important source of
bioactive peptides® that are formed by the enzymatic process
to which is subjected milk in cheese elaboration®®13; whey
contents casein macro peptides produced by renin action that
causes hydrolysis of k-casein'®'®; besides, it contains minor
quantities of lactoferrins, lactoperoxidases, and immunoglo-
bulins among other proteins of interest for the pharmaceutical
and food industries'®. However, if these proteins' precipitation
is desired, it is necessary to subject whey to temperatures hi-
gher than 70°C"8,

Thermal treatment of acidified whey is the most ancient

traditional procedure used to prepare cottage cheese to reco-
ver the proteins that the liquid byproduct contains. This proce-
dure is also used to elaborate food products as spread creams
and nutritional supplements in powder, developed from whey
proteins'®, as an economical and efficient method®. The acid
thermo-coagulation involves the change of protein structure,
which generates interactions of polypeptide chains?’; proteins
lose their native structure because of noncovalent interac-
tions, maintaining the structural stability.

The solubility of whey proteins depends on pH, ionic force,
and temperature. When pH is low, solubility decreases. B-lac-
toglobulin is approximately 90 % soluble in its isoelectric point
(pN)#, while a-lactoalbumin is only 68 % soluble. Temperature
is the most critical variable affecting whey protein solubility?*,
as temperature increases, protein molecules are denatured
and change their tridimensional configuration; ionic and hydro-
gen bonds are broken, hydrophobic groups are exposed the at-
tractive interactions with water are reduced when the process
of denaturation of proteins is irreversible, the aggregation and
precipitation occur®,

|
Materials and methods

Sample collection and physicochemical analysis

Whey samples were collected in the milk collection cen-
ter and cheese industry Diprolac, located in canton Balzar,
Guayas Province, Ecuador, as a byproduct from enzymatic
coagulation of milk Brahman cattle. Samples were collected
in dry and rainy seasons. Physicochemical analyses were done
to determine protein content, carbohydrates, fat, ashes, total
reliable content, acidity, and pH, according to the Ecuadorian
Technical Standard NTE INEN 2594:2011 defined by the Ecua-
dorian Standardization Institute.

Acid Thermo-coagulation
The protein concentrate was obtained by acid thermo-coa-
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gulation of sweet whey. Samples of 250 ml were pasteurized
at 65°C for 30 minutes; pH was adjusted to 6.51 and 4.6 using
50 % citric acid (C6H807) solution. Three different heating
treatments were made, adjusting temperature gradually to
65, 75, and 80 °C, with constant stirring and heating periods of
20 minutes. When the final temperature was reached (80 °C),
the whey was allowed to stay for 15 minutes and was filtered
by gravity with a glass microfiber sheet Whatman grade GF/A,
pore size 1.6 ym. During experimentation, whey and retentate
samples were taken to evaluate the recovery efficiency and
peptide profile at each temperature.

Protein extraction and quantification

Protein extraction was done from six whey samples subjec-
ted to three different thermal treatments (65, 75, and 80 °C) by
triplicate. The TCA/Acetone and TCA/Acetone/Phenol methods
were used following Wang” modified protocol. Yield recovery and
protein concentration were determined by Bradford”® method.

Peptide determination (SDS-PAGE Gel)

SDS-PAGE separated proteins according to the method of
Laemmli?’. For this, 20 ug of proteins were dissociated in the
presence of denaturing buffer (20 mM Tris-HCL pH 8.6 contai-
ning 1% SDS, 8.3 % glycerol, and 0.5 % 2-mercaptoethanol)
and incubated at 90 °C for 5 min and separated by electropho-
resis on 12 % polyacrylamide gels.

Proteins were stained with Coomassie Brillant Blue and
destained in 7 % acetic acid. Finally, the gels obtained from
electrophoresis were analyzed with Imagine Lab Software and
the bands' number and intensity, and their molecular weights
were determined.

Data Analysis

To observe differences between protein content in lac-
to-sera collected in dry and rainy seasons, t Student tests
were used for two samples, previous Snedecor F test (Fi-
sher-Snedecor distribution) for the determination of data ho-
moscedasticity. Additionally, two factors ANOVA was done to
observe differences in the peptide recovery with respect to the
treatment stage (whey, 65 °C, 75 °C, 80 °C and retentate) cli-
matic season. The significance limit was stipulated to 2 % (P
< 0.02) for a confidence level of 98 % in all the analyses. The
analysis was made entirely with the Microsoft Excel version
2010 program.

|
Results

Physicochemical analysis of whey
The physicochemical analysis allowed to establish that

protein content of whey collected in the dry season highly ex-
ceeds the protein content of rainy season whey, representing
more than twice its value, while the total fat content is higher
in the rainy season, as are ashes and carbohydrate content
(Table 1).

Contaminant removal by TCA/Acetone and TCA/Acetone/
Phenol protocols

The contaminant removal with TCA/Acetone protocol
showed a minimum variation in the protein recovery yield for
all thermal treatments, while TCA/Acetone/Phenol protocol
resulted in higher protein recovery yield with temperature
increase. Concerning the final paste obtained with acid ther-
mo-coagulation, it was reported a higher yield using TCA/Ace-
tone/Phenol protocol (22.6 pg/ml) compared to TCA/Acetone
(8.8 ug/ml) (Figure 1).

SDS-PAGE TCA/Acetone - TCA/Acetone/Phenol

When comparing SDS-PAGE results for the two protocols
used in the protein sample preparation, more defined bands
are appreciated for the low molecular weight peptides in the
extract obtained by TCA/Acetone/Phenol (Figure 2).

Whey samples collected in dry and rainy seasons did not
show relevant differences in the analysis of SDS-PAGE gels,
except for lower molecular weight proteins (< 20 kDa), whose
bands appear less abundant in dry season whey (Figure 3 left
/ lanes 2-6) compared to the same type of proteins in rainy
season whey (Figure 3 right/lanes 7-11).

Protein quantification in Lacto-sera collected in dry and
rainy seasons

Table 2 shows the peptide percent in samples of both cli-
matic seasons; particularly for the dry season, it can be noticed
that the paste contains peptides with non-normalized molecu-
lar weights of 12.06, 15.43, 17.01, and 27.98 kDa, which repre-
sent 82.6 % of the total peptide content in the original whey.
On the other hand, the paste obtained from the rainy season
showed peptide groups with non-normalized molecular wei-
ghts of 11.86, 16.51, 17.57 and 26.54 kDa represent the 65.36
% of total peptide content in whey.

Concerning peptides observed in SDS-PAGE in dry and ra-
iny seasons, it can be appreciated that those with molecular
weights of 15.43 kDa and 17.01 kDa are found in higher con-
centration in dry season whey, compared to the peptides of
similar molecular weights in rainy season whey. Samples of
whey collected in the rainy season showed higher concentra-
tions for the rest of the peptides, and there were no statistica-
lly significant differences between each peptide concentration
in climatic seasons (P > 0.05), except for molecular weight
peptides of 15.43 kDa and 16.51 kDa (t = 3.08; P = 0.015), being
these in average, higher in the dry season (21.2 %) than in rainy

Table 1. Physicochemical Analysis of residual whey from Diprolac dairy industry, canton Balzar, Ecuador.
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Figure 1. Yield of protein extraction protocols used in bovine whey.

Figure 2. SDS-PAGE gels for each protein ex-
traction protocol. Lanes 1-5, TCA/acetone/phe-
nol; lane 1: whey; lane 2: 65 °C treatment; lane
3: 75 °C treatment; lane 4: 80 °C treatment; lane
5: Paste; lanes 6-10 TCA/acetone; lane 6: whey;
lane 7: 65 °C treatment; lane 8: 75 °C treatment;
lane 9: 80 °C treatment; lane 10: Retentate; M:
protein mass markers.

Figure 3. SDS-PAGE gel of
dry season (left) and rainy
season (right) wheys, using
TCA/Acetone/Phenol pro-
tocol. 1. Molecular weight
marker; 2: Paste; 3: 80 °C
treatment; 4: 75 °C treat-
ment; 5: 65 °C treatment;
6: Whey without treatment;
7: Whey without treatment;
8:65 °C treatment; 9: 75 °C
treatment; 10: 80 °C treat-
ment; 11. Paste; 12: Mole-
cular weight marker.
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season (5.8 %). Likewise, peptides with molecular weights of
32.44 kDa, 31.01 kDa, and 160.61 kDa in dry season whey were
evident, and these particular peptides were not detected in the
rainy season whey (Table 2).

On the other hand, according to the ANOVA test, there are
no significant differences in the recovery of proteins between
the process stages (F = 0.01; P= 0.99), nor between climatic
seasons (F = 0.04; P = 0.99). Nevertheless, acid thermo-coa-
gulation allows the recovery of soluble proteins from whey
with an increase in recovery efficiency, with the increase in
temperature.

|
Conclusions

Characterization of residual whey from cheese industry
Diprolac, canton Balzar, Ecuador, in dry and rainy seasons,
shows punctual differences; for example, total carbohydra-
tes and fat contents were higher in rainy season whey, while
observed protein content was higher in the dry season. These
type of differences are common because of changes in lives-
tock feeding associated with climatic seasons?®??; other fac-
tors as bovine breed®® and cheese production technology® can
also affect characteristics and composition of whey.

The acid thermo-coagulation process studied in this work
allowed us to establish that it is not necessary to reach tempe-

ratures higher than 80 °C to achieve a higher protein recovery
yield. That was more evident when evaluating results after the
extraction with TCA/Acetone/Phenol protocol. As opposed to
the results reported by Revilla® and Vazquez Puente et al.*?,
which indicate that the rise in denaturation temperature (DT)
reports higher recovery yield of protein aggregate, the results
obtained in this work showed that at 75°C, stabilization and
higher performance of the process is reached.

On the other hand, the acid thermo-coagulation method
offers a higher retentate recovery, which is observed in band
concentration in SDS-PAGE gels (Figure 2), where a higher
peptide concentration in the bands of pastes is appreciated,
compared to the bands of whey without treatment.

Paste recovery using TCA/Acetone/Phenol as extraction
protocol was higher than treatment without Phenol. During
TCA/Acetone/Phenol treatment, washes remove acetone so-
luble compounds (salts and other polar contaminants) and
phenol soluble contaminants (lipids, carbohydrates, and phe-
nolic compounds), obtaining; as a result, a cleaner, less conta-
minated product, which favors the acid precipitation of prote-
ins?. However, the SDS-PAGE observed results suggest that
the contaminant removal protocol does not affect the band
pattern.

The paste obtained from dry season whey showed pep-
tides between 12 and 28 kDa, representing 82.6 % of total

Table 2. Percent of peptide recovery from residual whey in climatic seasons. Results in bold letters stand out the most repre-

sentative values.
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protein content, while proteins of similar weights from the
rainy season only represented 65.36 %. Unique proteins were
observed in lacto-sera collected in different climatic seasons,
for example, 220 kDa in the rainy season. This fact can also
be explained by the environmental factors that characterize
the climatic seasons, influencing relevant aspects in livestock
feeding®.

Even when the preparation process and the thermal treat-
ment used could affect the recovery of specific proteins from
whey, as lactoferrin®, the acid thermo-coagulation shows a
good protein recovery yield from whey, that should be conside-
red for the milk food production in general, or yet with possibi-
lities of another application beyond food, for example, health.
Thermal treatments are considered more efficient than other
procedures, mainly compared to chemical treatments, as the
first ones maintain the organoleptic characteristics in the pro-
duct®4,

In conclusion, the results obtained in this work show that
acid thermo-coagulation represents a simple, low-cost me-
thod that allows the recovery of proteins up to 82 % of the ori-
ginal content in whey. It is remarked that the climatic season
in which the whey is collected in Ecuador is not a relevant fac-
tor that significantly affects its composition, even when there
were minor differences in some punctual aspects.
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