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Uso de PGPR en Solanum lycopersicum para control de patégenos y promocion de
crecimiento

Use of PGPR in Solanum lycopersicum for pathogen control and growth promotion
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Autonoma de Coahuila. Ing J.Cardenas Valdez, Republica, 25280 Saltillo, Coahuila
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Resumen

El tomate (Solanum Lycopersicum L.) es una hortaliza de amplia demanda mundial, por
su versatilidad y valor nutritivo; y por lo tanto es necesario incrementar su produccion.
Los agroquimicos favorecen el rendimiento de las plantas pero su uso indiscriminado ha
provocado dafio al medio ambiente. Debido a esto surge como alternativa el uso de
rizobacterias promotoras de crecimiento de plantas (PGPR), que actian por mecanismos
directos o indirectos. Cada PGPR produce diferentes tipos de metabolitos promotores de
crecimiento, e interactuan de distinta forma con el hospedero y entorno. En el presente
trabajo, se realiza una revision sobre el uso de PGPR en tomate y algunos puntos
importantes para su seleccion. Se concluye, que a pesar de que existen multiples
investigaciones, es importante profundizar en el estudio del mecanismo de accion de las
PGPR, su interaccion con el medio ambiente y los cambios a nivel genético que ocasionan

los metabolitos afiadidos.



Palabras clave. Solanum lycopersicum, promocién de crecimiento, PGPR

Summary

The tomato (Solanum lycopersicum L.) is a vegetable worldwide demanded for the
versatility and nutritional value; and therefore their production must be increased.
Agrochemicals promote the production but their indiscriminate use has caused damage to
the environment. Because of this, emerges as an alternative the use of plant growth
promoting rhizobacteria (PGPR), which act by direct or indirect mechanisms. Each PGPR
produce different types of metabolites that are growth promoters, and interact differently
with the host and environment. In this paper, is made a review of the use of PGPR in
tomatoes and some important points for their selection. It is concluded that although there
are lots of research about PGPR, it is important to deepen the study of the mechanism of

action of PGPR, their interaction with the environment and changes at the genetic.

Key words. Solanum lycopersicum, growth promotion, PGPR

INTRODUCCION

El tomate (Solanum Lycopersicum L.), es la hortaliza més difundida en el mundo y la de
mayor valor econdmico, representando uno de los componentes mas frecuentes de la dieta
humana**. En el mundo son cultivadas mas de 5 millones de ha con un produccion cercana
a los 129 millones de toneladas. Durante el 2008, se produjeron en México 2.26 millones
de toneladas de tomate, siendo el principal productor el estado de Sinaloa, cuya

produccion represento el 35% del total nacional, en segundo lugar Baja California (9%).
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Seguidos de Michoacan, San Luis Potosi y Jalisco con 8%, 6% y 5%, respectivamente’®
Desde el punto de vista nutricional, este vegetal contiene altos niveles de licopeno®?,
vitaminas, sales minerales y fibras!’, y ademas es un antioxidante que reduce el riesgo
asociado a distintos tipos de cancer y enfermedades neurodegenerativas’. Por lo anterior,
surge la necesidad de desarrollar estrategias para el incremento en la produccion de la

hortaliza.

Los fertilizantes quimicos, incrementan los rendimientos de los cultivos de tomate. Entre
los més utilizados se encuentran: Fosfonitrato, sulfato de amonio, superfosfato de calcio
triple, nitrato de potasio, fosfato diaménico, calcio, magnesio, hierro, zinc, boro, magnesio
y molibdeno® ™. Sin embargo, su uso indiscriminado trae consecuencias al medio
ambiente. Bojorquez et al.*sefialaron que los fertilizantes sintéticos no se absorben por
completo por las plantas y que el fertilizante no incorporado trae un impacto ambiental
adverso, tal como contaminacion de mantos acuiferos con NO*, eutrofizacion, lluvia acida
y calentamiento global. Debido a esto se hace necesario la busqueda de nuevas alternativas
de fertilizacion y bioestimulacion®. Una alternativa es el uso de microorganismos con
capacidad para actuar como biofertilizantes, fitoestimuladores y biopesticidas!? para el

fortalecimiento de sistemas de produccion sostenible®.

A las bacterias presentes en el suelo capaces de favorecer el crecimiento de las plantas se
les llama “rizobacterias promotoras de crecimiento de plantas”, por sus siglas en inglés
PGPR. Dichas PGPR promueven el crecimiento por mecanismos directos o indirectos.
Los mecanismos directos se relacionan con la produccion de fitohormonas (auxinas,

giberilinas, citoquininas, etc). Ademas pueden afectar la disponibilidad de nutrientes por
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la intervencion directa en los ciclos biogeoquimicos, en el caso de la fijacion biologica de
nitrégeno y la solubilizacion de nutrientes como el fosforo®. Indirectamente las PGPR
pueden contribuir mediante la induccion de la resistencia sistémica a fitopatdgenos, el

control bioldgico de enfermedades, la produccion de antibidticos y de siderdforos®?78,

En tomate son utilizadas PGPR que utilizan tanto mecanismos indirectos como directos
para la promocion de crecimiento. Sin embargo, para optimizar su uso es importante
conocer la forma en que los PGPR interactian con otros microorganismos y con las
plantas, el mecanismo de accion y las condiciones Optimas a las que producen los
metabolitos secundarios. En el presente trabajo se realizara una revision de las principales
PGPR utilizadas en tomate, y algunos aspectos importantes a considerar en la seleccion

de las mismas.

PGPR utilizadas en cultivos de tomate. Los generos de bacterias Pseudomonas,
Azospirillum, Azobacter, Bacillus, Agrobacterium y Streptomyces forman parte de la
comunidad microbiana de la rizésfera del tomate>°°383 y se utilizan para el desarrollo de
bioformulados para la promocion de crecimiento e inhibicion de patégenos en
tomate!22224 No obstante, el efecto y mecanismos de accion de cada PGPR es distinto y
por lo tanto es importante definir el efecto que se desea tener para la seleccion del PGPR.
En la tabla 1 se presentan mecanismos de accién y efectos en Solanum lycopersicum por

PGPR.

Bacillus spp. Especies de Bacillus como B. subitlis, B. pumillas y B. amyloliquefaciens

promueven el crecimiento de plantas de tomate por la produccion de metabolitos como
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fitohormonas y antibidticos. Tal es el caso de B. subtilis que produce auxinas que
promueven el crecimiento del tomate e inducen resistencia sistémica contra patégenos
como F. oxysporium®38°2_E| efecto de Bacillus spp. se puede ver reflejado en diferentes
partes de la planta ya sea tallo”, raiz? o fruto®. Dependera de la concentracion de los
metabolitos, el método de aplicacion o de si se aplica una sola cepa aislada o en consorcios
microbianos. La efectividad del uso de consorcios microbianos con Bacillus spp. se ha

demostrado tanto en campo como en experimentos in vitro®2>°°,

Pseudomonas spp. P. fluorescens, P. Putida y P. rhodesiae son algunas de las especies
que promueven el crecimiento de tomate por mecanismo directo o indirecto. Dichos
mecanismos involucran la produccion de AIA y otros metabolitos®®’, asi como la
activacion enzimatica. Ademéas pueden ser utilizadas solas o en bioformulados
acompafadas de otras PGPR o incluso de extractos vegetales. En cuanto a la aplicacion

puede ser en semilla o plantula.

Azobacter spp. Azobacter chroococccum y Azobacter brasilense son utilizadas para la
promocion de crecimiento del tomate. EI mecanismo de accién involucra la produccion
de antibidticos, la produccidn de fitohormonas como el &cido indolacético y la fijacion de
minerales. Segun estudios de Escobar et al.®? cepas de Azotobacter spp. en Lycopersicon
esculentum (tomate) alcanzaron buenos indices de efectividad en volumen radicular y
peso de la biomasa seca total, aérea y radicular, esto atribuido a la produccion de auxinas
y otros mecanismos. Ademas, es importante considerar que Azotobacter puede tener

protocooperacion y simbiosis con otros microorganismos en consorcios?’.



Cuadro 1. PGPR utilizadas en el control de fitopatégenos y promocion de crecimiento en

Solanum lycopersicum.

Microorganismoo  Forma de Metabolito o Efectoen la Referencia
consorcio aplicacion de mecanismo de planta
microbiano tratamientos promocion de
crecimiento
Bacillus subtilis ~ No especifica Auxinas y Crecimiento del 52
antibioticos frutoy
resistencia

sistémica contra

Fusarium
oxysporum
Bacillus subtilis Inoculacion Respuesta Promocién de 77
de cepaen dependiente e crecimiento de
raiz independiente del planta y RSI

acido jasmonico contra Bemisia
tabaco (mosca

blanca)
Bacillus subtilis Inoculacion Activacion de Control de 19

enplantula  defensa enzimatica ~ Xanthomonas

campestris pv.

Vesicatoria
Bacillus subtilis Inoculacién Produccion de Control de 59
en suelo antibioticos. Ralstonia
Formacion de solanacearum
biofilm en raiz
Bacillus subtilis Inoculacion Activacion de Largo de planta 23

ensemillas  defensa enzimatica. Yy raiz, nUmero

Induccidn en de hojas. RSI

produccion de contra




Bacillus subtilis

Bacillus

amyloliquefaciens

Bacillus

amyloliquefaciens

Bacillus

megaterium

Bacillus pumilus

Inoculacion

en plantula

Inoculacion
en semillay
plantula
Aplicacion en

suelo

Rociado en la
planta

No especifica

hormonas de

crecimiento.

No especifica

No especifica

Produccién de

antibidéticos

Regulacion de
niveles de
fitohormonas
como etileno y
acido absicico
Promocién de
actividad
enzimatica

antioxidante

Alternaria
solani y
Phytophthora
infestans
Altura de
plantas,
crecimiento
radicular,

numero y peso

de frutos Contra

Clavibacter
michiganensis
subsp.
michiganensis

NUmero y

calidad de frutos

RSI contra

Ralstonia

solanacearum y

Oidium

neolycopersici

Peso seco, largo

de la planta,

biomasa

Peso himedo y
peso seco.

Reduccién de

66

37

81

58

44
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Pseudomonas
rhodesiae y

Bacillus cereus

Pseudomonas
fluorescens

P. fluorescens

Pseudomonas

fluorescens
Pseudomonas

putida
Azotobacter spp.

Azorobacter

Inoculacion
en suelo,
cerca de las

raices

No especifica

Inoculacidn

en el suelo

inmediatame

nte después

de sembrar la

semilla

Inoculacion
en semillas
Inoculacion

en suelo

Inoculacion

en semilla

No especifica

No especifica

Produccion de
sideréforos

Activacion de

defensa enzimatica.

Acido indolacético

Acido indolacético,
fijacion de
nitrégeno,

solubilizacién de
fosfato

No especifica

toxicidad por
boro.

Altura de brotes,

numero de
hojas,
fructificacion
temprana y

biomasa

Rendimiento de

frutos

Altura de planta,

peso fresco

RSI? contra
Alternaria
Solani
Desarrollo
radicular
Altura, raices,

biomasa

Altura de

plantulas,

longitud
radicular de

plantulas,

33

29

46

36

32

31
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Azotobacter

chroococcum

Azotobacter sp.

Azospirillum

brasilense

Azospirillum

brasilense

Azospirillum
brasilense
Streptomyces

ahygroscopicus

Streptomyces spp.

Inoculacion

en semilla

Inoculacion

en planta

Inoculacion

en semillas

Inoculacion

en semillas

Inoculacion
en semilla
Aplicacion en
plantula

In vitro

No especifica

No especifica

Produccién de

antibioticos, mayor

area de los vasos
del xilema, mas

alta conductividad

hidraulica del tallo.

No especifica

Acido indolacético

No especifica

No especifica

rendimiento de
frutos
Altura 'y
longitud
radicular
Altura de planta
y longitud
radicular
Reduccion de
estres de agua
por control de
Clavibacter
michiganensis s
ubsp. michigane
nsis
Altura de planta
y longitud
radicular
Nivel de
germinacion
Control de
Botrytis cinérea
Control de
enfermedad de
“encorchamient

o de raiz”

60

65

67

26

48

34

14

4RSI-Respuesta sistémica inducida.

Seleccién de PGPR para promocion de crecimiento de tomate. Para la seleccion de

microorganismos promotores de crecimiento de tomate es necesario definir la parte de la
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planta que se desea desarrollar, los metabolitos que producen las cepas a las condiciones
del cultivo y las interacciones tanto del microorganismo con la planta como con el resto
del entorno (medio ambiente, microbiota, etc). Una vez aplicado el tratamiento es posible
evaluar la eficiencia de las PGPR por medio de pardmetros agronémicos o métodos

moleculares.

Interaccion de PGPR con los microorganismos del suelo. La interaccion entre una
comunidad microbiana puede manifestarse de diferentes modos, ya sea con sinergismos o
antagonismos. La posibilidad de que las PGPR nativas afecten la actividad de las PGPR
inoculadas es significativamente alta. Ya que ambas pueden simultdneamente solubilizar
fosforo, producir auxinas, antibidticos y sideréforos®. La interaccion entre PGPR y
hongos micorrizicos arbusculares (HMA), puede ser selectiva y dependiente de la bacteria
y el hongo implicado?®. Algunas especies de bacterias como Azotobacter, Beijerinckia,
Clostridium, Burkolderias, y Azospirillum, han sido estudiadas en su interaccion con
HMA?®, La inoculacion de PGPR o HMA pueden promover el crecimiento de las plantas
por separado o en colaboracion. Segin los estudios de Alfonso y Galan® aunque la
inoculacion simple presento beneficios respecto a las plantas testigo, la coinoculacion
superd los beneficios individuales de ambos microorganismos (rizobacterias y hongos

micorrizicos), desde la fase de semillero hasta la cosecha.

Interaccion de PGPR con planta. EI modo de accion de las bacterias promotoras de
crecimiento no siempre es el mismo, depende de la planta con la que estén
interaccionando™ y de un proceso multigénico influenciado por mudiltiples factores.

Persello-Cartieaux et al.>” desarrollaron un modelo in vitro para describir las interacciones

13



planta-rizhobacteria. La colonizacion de las plantas de tomate por rizobacterias esta
directamente relacionada al crecimiento bacteriano, quimiostaxis, formacion de
biopelicula e interacciones con exudados de raiz del hospedero®®. Los exudados de la
raiz, que pueden actuar como atrayentes quimicos e incrementar el crecimiento bacteriano,
determinan que microorganismos tendran éxito en la colonizacion del hospedero®. Las
interacciones exudados-bacterias pueden ser quimicas, fisicas o bioldgicas®. La
quimiotaxis bacteriana es el proceso en que la bacteria dirige su movimiento de acuerdo a
los quimicos en el ambiente y la localizacion de las condiciones éptimas para su
crecimiento y supervivencia®. Por su parte, la formacion de biofilm ademéas de favorecer
la colonizacion de la rizobacteria protege al hospedero de patdgenosi!. Tan et al.’®
determinaron exudados de raiz de tomate, entre ellos &cido oxalico, acido malico, acido
citrico, acido succinico y acido fumarico que favorecian la quimiotaxis y formacion de

biopelicula con Bacillus amyloliquefaciens.

Metabolitos promotores de crecimiento en tomate. Las auxinas en tomate regulan la
promocion de crecimiento en parametros como longitud de la planta, volumen radicular,
floracion y maduracion de frutos®. Una de las principales auxinas, el acido 3-indolacético
(AlA) impacta en el desarrollo radicular de las plantas®*’. Sin embargo, los efectos de las
auxinas son dependientes de la concentracion, que generalmente debe ser minima para
estimular el crecimiento®. Las citoquininas son un tipo de hormonas que se cree se
sintetizan mayoritariamente en la raiz e intervienen en el desarrollo de hojas y raices,
ademas de tener un notable y demostrado efecto en el retraso de la senescencia®. Los
sidero6foros son moléculas organicas quelatantes que ayudan a la planta a asimilar el hierro

inorganico del suelo y provocan resistencia sistémica en las plantas por la competencia
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por hierro?®4261 Otras moléculas organicas producidas por las PGPR aumentan la
disponibilidad de nutrientes del suelo, como el fosforo®. Por su parte, el etileno, que es
una hormona vegetal producida bajo estrés y que en altas concentraciones inhibe el
crecimiento vegetal, puede verse reducido por accion de las rizobacterias inoculadas®®. Es
importante ademas considerar la interaccion de los metabolitos promotores de
crecimiento, ya que diferente relacion en la concentracion de ellos, traeré diferente efecto
en las plantas, tal es el caso del efecto en conjunto de las giberilinas y auxinas en la

fructificacion del tomate’?.

Parametros agronomicos utilizados para evaluar PGPR. Los parametros agronémicos
que se utilizan para la seleccion y evaluacion de las PGPR en tomate dependeran de la
parte de la planta que se quiera promover®. Sanchez et al. "* evaluaron Enterobacter sp.,
Pseudomonas sp. y Bacillus sp., con los pardmetros de Solubilizacion y mineralizacion de
fosforo, actividad enzimatica, sintesis de siderdforos y produccion de indoles totales. La
biomasa radical es otro pardmetro evaluado ya que tiene fuertes repercusiones en la
capacidad de las plantas para asimilar los nutrientes del suelo’. En cuanto a la asimilacion
de minerales, las PGRP ayudan a la asimilacion de nutrimentos de la planta. Dursun et
al.>® evaluaron el efecto de Bacillus subtilis, Bacillus megaeorum, Acinetobacter
baumanni y Pantoea agglomerans en el aumento de la concentracion de N, P, Mg, Ca,

Na, K, Cu, Mn, Fe y Zn en la fruta.

Uso de biologia molecular para la seleccién y evaluacion de cepas promotoras de
crecimiento. La biologia molecular es una herramienta util en la seleccion de PGPR y en

la evaluacion de cambios en el genotipo de las plantas tratadas. EI uso de cebadores
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permiten amplificar fragmentos de ADN para la identificacion de especies, deteccion de
variabilidad genética o identificacion de patrones de bandas por especies (fingerprint).
Ente las técnicas més utilizadas se encuentran RAPD (Random amplified polymorphic 10
DNA), reaccién en cadena de la polimerasa (PCR), rep-PCR (Repetitive sequence based-
PCR)%8%° ya sea con genes especificos o genes de regiones conservadas como el gen 16S.
El gen ribosomal 16S (ADNr 16S) es uno de los mas utilizados en estudios de filogenia y
taxonomia bacteriana. Es un gen altamente conservado, presentando regiones homdlogas
a todos los organismos pero también regiones altamente variables, que permiten la

clasificacion de las bacterias a nivel de género y especie?!:646°,

El analisis por microarreglos es una técnica recientemente utilizada para la determinacion
de cambios en la expresion genética de las plantas al interaccionar con microorganismos
como Pseudomonas purtida, Pseudomona fluorescens, Pseudomonas thivervalensis;
Bacillus spp.16757%80 Observandose cambios notables en la expresion de genes que dan
como respuesta la sobreregulacion o subregulacion de vias y funciones metabdlicas. Entre
los genes que se ha demostrado cambian sus niveles de expresion por la adicion de PGPR
se encuentran: genes que involucran metabolismo, sefial de transduccién y respuesta al
estrés, genes de auxinas, genes de produccion de etileno, genes realacionados a la
patogenicidad®. No obstante, en el proceso de seleccion de PGPR es importante
considerar que el aumento en la expresion de algunos genes puede tener como
consecuencia la disminucion en la expresion de otros genes que también podrian ser de
interés. Es el caso observado por Cartieaux et al. 1® en el que hubo aumento de genes de
induccién de resistencia, pero disminucion del proceso de fotosintesis y con esto

reduccion del tamafio de la planta.
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CONCLUSIONES

El uso de PGPR es una alternativa viable para la promocion de crecimiento de tomate. Sin
embargo, para seleccionar la PGPR adecuada es necesario conocer los metabolitos que
produce cada rizobacteria, la parte de la planta que se desea promover y las posibles
interacciones que tendran los microorganismos con la microbiota nativa del suelo y con
la planta. Una vez seleccionado la PGPR sera necesario evaluar los cambios en el fenotipo
0 genotipo de las plantas tratadas para determinar la efectividad de las rizobacterias
aplicadas. Existen multiples investigaciones que pueden orientar hacia la seleccion de
rizobacterias y sus efectos en las plantas, no obstante, ain queda mucho por estudiar en
los campos de mecanismos de accién de los metabolitos promotores de crecimiento, en el
campo de la genética y biologia molecular (expresion de genes y variabilidad genética) y

en la interaccion entre PGPR y condiciones ambientales (temperatura, humedad, etc.).
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ABSTRACT
Plant growth promotion indole-3-acetic acid (IAA) is the most abundant natural auxin that
plays diverse roles in plant growth, development and plant immunity. Perturbing auxin
homeostasis appears to be a common virulence mechanism, as many pathogens can
synthesize auxin-like molecules. In other hand, the addition of plant growth promotion
rhizobacterias (PGPR) that are able to produce auxins promote plant growth and provide
protection against pathogens. Techniques as high performance liquid chromatography
(HPLC) and gas chromatography (GC) are used to quantify auxins produced by
microorganism and plants at high precision and sensitivity, eventhough those technique
are expensive and requires big amount of solvents. For these reason, the aim of the present
study was developed a fast microplate technique for auxin detection, in Bacillus subtilis
strains using salkowski reagent. For auxin quantification were done calibration curves
with alcohol, landy medium and water and the R? were calculated. The microplate

techniques were able to quantify auxin production by B. subtillis stains.

Key words. Auxin, microplate, Bacillus subtilis
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INTRODUCTION

Plant hormones have pivotal roles in the regulation of plant growth, development, and
reproduction (Pieterse et al, 2012). Additionally, they emerged as cellular signal
molecules with key functions in the regulation of immune responses to microbial
pathogens, insect herbivores, and beneficial microbes (Pieterse et al, 2012). Recent studies
indicate that hormones such as abscisic acid (ABA), auxin, gibberellic acid (GA),
cytokinin (CK), brassinosteroids (BR) and peptide hormones are implicated in plant
defense signaling pathways (Bari and Jones, 2009). In other hand, beside the endogenous
production of phytohormones, exogenous phytohormones can be provided by plant
growth-promoting rhizobacteria (PGPR) (Fernandes, et al., 2011; Ahemad and Kibret,
2014). The PGPR produces hormones such as auxins, gibberellins, cytokinins and
polyamines (Fernandes et al., 2011). Auxin is an important plant hormone that affects
almost all aspects of plant growth and development and immunity (Spoel and Dong,
2008). Perturbing auxin homeostasis appears to be a common virulence mechanism, as
many pathogens can synthesize auxin-like molecules (Spoel and Dong, 2008). This way,
the addition of PRGR producers of auxins promote plant growth and provide protection
against pathogens. Bacillus sp., Bacillus subtillis, Mycobacterium sp. and Pseudomonas
putida are examples of auxin producers (Ahemad and Kibret, 2014; Pandey et al., 2006;
Parani & Saha, 2012; Dey et al., 2004; Wahyudi et al., 2011; Solis et al., 2013). The
discovery and study of PGPR requires fast and reliable methods for quantifying
phytohormones. For auxin and indoles detection are used techniques as high performance
liquid chromatography (HPLC) (Fernandez et al., 2011), thin layer chromatography
(TLC) (Castillo et al., 2007) and spectrophotometric techniques with salkowski reagent

(Cubillos et al., 2009). Even though these techniques are expensive because of the use of
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columns and solvents (HPLC) or are not practical for processing big quantity of samples
at the same time (TLC). The aim of this study was to develop a microplate method for
quantify auxins, with less amount of reagents, and for processing more samples in fewer
time. For auxin quantification were realized calibration curves using 3-indol acetic acid
(IAA) dissolved in water, Landy medium or alcohol, and using salkowski reagent. The
microplate techniques developed were used to quantify auxins in Bacillus subtilis

fermentation broths proved previously as auxin producers.

MATERIALS AND METHODS

Bacterial strains and fermentation conditions. BS8 strain was obtained from Cinvestav
Irapuato. BS14 and BSN strains were gotten from Phytophatology department from the
Antonio Narro Agrarian Autonomous University. Fermentation was realized in landy
medium added with tryptophan. Landy medium was prepared as follow: glutamic acid
5.0 g/L, KH2P0O4 0.5 g/L, K2HPO4 0.5 g/L, MgS04.7 H20 0.2 g/L, MnS04.H.0 0.01 g/L,
NaCl 0.01 g/L, FeSOs7 H20 0.01 g/L, CuSO4.7 H20 0.01 g/L, CaCl,.2 H,0 0.015 g/L
and tryptophan (final concentration 5mM). A solution of glucose microfiltrated was added
to the medium for a final concentration of 1%. A preinoculum was realized by inoculation
in 50 mL of landy medium, incubated 48 h at 28 °C. From preinoculum were prepared the
fermentation broths at a concentration of 1x10® CFU/mL in Landy medium, and was
shaken for 72 h, 120 rpm and 25°C (Awais, 2010). The fermentation broths were
centrifugated at 12,500 rpm for 15 min and 15°C to get the supernatant for quantifying

auxins (Sayyed et al., 2005; Yu et al., 2011).
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Auxins quantification. Salkowski reagent was prepared as follow: 15 mL of H2SQOg4, 25
mL of distilled water, 0.75 mL of FeCl36H.0O (0.5 M) (Gordon and Weber 1951). For
calibration curves were prepared stocks of 3-indol acetic acid (IAA) at concentration of
100,000 ppm in ethanol. And work solutions at 16,000 ppm in water, ethanol and or Landy
medium (Mata and Méndez-Natera, 2009). For calibration curve were placed in all a row
of the microplate 100 pL of the dissolvent (Landy medium, water or ethanol), and then in
the first line were added 100 pL of 16,000 ppm work solutions, for get a first point in the
calibration curve of 8,000 ppm. It is mixed and 100 pL are taken to the second line (4000
ppm), then mixed and 100 pL are taken to the third line (2000 ppm). This procedure is
followed until the line 11 (Mdee, 2009; Kouassi et al., 2012; Calvo, 2012). The line 12 is
the concentration 0 ppm. 100 pL of salkowski reagent are added to every well, incubated
for 30 min and read at 520 nm (Gordon y Weber 1951; Wahyudi et al, 2011; Abdel-Aziz,
2013). Each curve was performed by triplicate. The concentration of IAA in Bacillus subtilis

strains was evaluated in microplate as follow: 100 pL of cell free supernatant were mixed with 100
pL of salkowski reagent in microplate, incubated for 30 min and read at 520 nm. Absorbance was

used to calculate the auxin concentration with the calibrations curves equation.

RESULTS AND DISCUSSION

The purple-pink complexes were observed in the microplate formed by the IAA and the
salkowski reagent. R? were gotten from calibration curves and indicates the lineality in
the evaluated range. From it were get the ranges were its possible interpolate samples to
calculate the auxins concentration. At lower concentration range the R?was higher than at
higher concentration. Each solvent presented different linearity. Since IAA dissolves

better in alcohol the lineality with ethanol is higher than in other solvents (Table 1).
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Table 1. Solvents, concentration range and R? in auxins calibration curves.

Solvent Concentration R? Calibration curves
range equations

Alcohol 0-2000 ppm 0.93 y =0.0014x + 0.3191

Alcohol 0-31.25 ppm 0.99 y =0.0107x — 0.0032

Landy medium 0-2000 ppm 0.94 y =0.0012x + 0.2209

Water 0-4000 ppm 0.80 y =0.0005x + 0.576

Auxins concentrations in samples were calculated using the calibration curve with ethanol
from 0 to 31.25 ppm, which had the higher R?. The auxins concentration calculated for
the Bacillus subtillis strains were 2.78 ppm for BS8, 2.59 ppm for BS14 and 18.59 ppm
for BSN. The detection of auxins in Bacillus subtilis strains probed that they are able to
promote plant growth and they can elicit significant reductions in the incidence or severity

of various diseases on a diversity of hosts (Kloepper et al, 2004).

Over the years, large efforts have been put in the development of more sensitive and
precise methods of analysis and quantification of plant hormone levels in plant tissues and
microorganisms. However, although the techniques have evolved, and new methods have
been implemented, the sample preparation is still the limiting step of auxin analysis,
including extraction, purification and derivatization (Porfirio et al, 2015). The
quantification of auxins by salkowski reagent doesn’t needs an exhaustive sample

preparations. It’s only require the separation of the supernatant by centrifugation after the
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fermentation time. Even though, the salkowski reagent is not specific for only one type of
auxin. The principal auxin detected by salkowski reagent is the IAA but other auxins can
also form complex with the reagent. Glickmann and Dessaux (1995) demonstrated that
the production of Salkowski positive compounds, even at low concentrations, was always
correlated with production of IAA or indolepyruvic acid (IPyA). For these reason the
microplate technique should be complement with other technique as chromatography, if

the study needs to quantify a specific auxin.

The developed microplate methods show advantages as analysis of large numbers of
samples in a short time with low cost. Even GC-MS is technically the best method to
measure 1AA, because of high sensitivity and specificity (Kim and Park, 2006; Idris et al.,
2007), the high cost for setting and maintenance makes it difficult for daily use in ordinary
laboratory (Kim and Park, 2006). The range of lineality of the microplate technique with
ethanol and a R? of 0.99 is low related to the studies of Szkop in 2013 who quantify by
RP-HPCL samples containing indolic compounds at 0.0625—-125 ppm, using calibration
curves with coefficient of determination (R?) > 0.998, eventhough samples can be diluted
for make an approximation of auxin concentration by microplate technique before using
another technique. Meanwhile, Kim and Park (2006) established a standard method to
quantify IAA based on HPLC, adopting fluorescence detector and Indole-3-propionic acid
(IPA) as internal standard and calculated the IAA concentration with the peak area. A
microplate method for auxins was realized by Sarwar and Kremer in 1995, were resulted
in 95% less sample and reagent volume and it’s faster than the traditional method, since
the standard method required each sample by separately. They realized a calibration curve

with 6 points from 0 to 40 1AA equivalents (ppm), but it’s not specify the solvent where
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it is realized. Alcohol calibration curves with ethanol got a higher R? because of the IAA
solubility properties. Even though it’s important realize calibration curves with other
solvents because most of fermentations broths are colorful and it could interference with
the UV spectrometer absorbance. Landy medium, a specific medium enriched with
tryptophan for auxin production, presented a different color to the salkowski reagent but
is still colorful. For this reason, colorless mediums for auxin production must be

developed for colorimetric techniques.

The developed method could be used also to quantify auxins production in plants.
However, because hormones production occur in very low amounts in plant extracts, and
are very rich in interfering substances, especially secondary metabolites, must undergo
several purification steps using unrelated separation mechanisms in order to increase
purification efficiency. And specially is important to know which part of the plant contain
the highest concentration of auxin. Generally auxins are produced in the meristematic
areas of the plant stem although other plant parts, for instance, shoots, roots and leaves
may also produce auxins (Ahmed and Hasnain, 2014). Auxin concentration varies
depending on the influx and efflux from the tissues, its biosynthesis from tryptophan and
formation of IAA conjugates (Tanimoto, 2005). The homeostasis between the endogenous
and exogenous auxins contribute in the plant developed and immunology, for these reason
the quantification of auxins produced by PGPR is important to select the strain with the

right production of phytohormones.
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CONCLUSION
The developed method offers an alternative to detect auxin-producing strains. Although
the method is not as precise as the chromatographic methods or the traditional methods,

they allow to have a previous selection of strains for saving of reagents and time.
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ABSTRACT

During this investigation, the aim was to evaluate the efficiency of three Bacillus subtillis
strains (BS8, BS14 and BEB13) in the growth promotion of vegetal models in bioclimatic
chamber conditions. The experiment was carried out with randomized design.
Experimental facts evaluated were vegetal model (Arabidopsis thaliana and Solanum
lycopersicum), phenological stage (seeds and seedlings of Solanum licopersicum) and the
fraction of the fermentation broth added (cell-free supernatant and broth fermentation
treatment. In addition were determinated auxins (3-indolacetic acid, tryptamine and 3-
indolilacetic acid), jasmonic acid and siderophores in fermentation broths to relate the
effect in vegetal model to the concentration of metabolites. Results show that strain
promoted better the germination rate when cell free supernatant are added. In
seedlings, Bacillus subtilis strains promoted the length of stem and number of leaflets.
The growth promotion effect of strains it influence for the concentration of 3-indole-

acetic acid, siderophores and jasmonic acid.

Key Words. Bacillus subtillis, 3-indolacetic acid, Solanum lycopersicum, Arabidopsis

thaliana, phenological stage, agronomic parameters.

INTRODUCTION

Plants growth promoting rizobacteria (PGPR), estimulate the plant growth by direct and
indirect mechanisms. The indirect promotion occurs by production of antibiotics and
metabolites that help plants to assimilate nutrients (Ahmad et al. 2008). Direct stimulation

occurs by production of phytohomones as auxins, cytokinins and gibberellins, organic
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compounds and compounds that increase the vegetal immunity; as jasmonic acid, salicylic
acid and phytoalexins (Ahmad et al. 2008; Rojas-Solis et al. 2013). In Solanum
lycopersicum (tomato) are used PGPR of the genus Pseudomonas, Azospirillum,
Azobacter, Bacillus, Agrobacterium y Streptomyces (Alfonso et al. 2005; Haas y Défago
2005; Nihorimbere 2010; Renteria 2013), and can be used alone or in bioformulates (Berg
2009; Choudary y Johri 2008). In the Bacillus genus is included Bacillus subtilis, and is
used for growth promotion of tomato and biocontrol of pathogens as Fusarium oxysporum
(Yu et al. 2011). Auxins, cytokinins, siderophores and antibiotic are examples of
metabolites produced by Bacillus subtilis. Cytokinins can be produced endogenously by
the plant, but the cytokinins exogenous addition increase the process of growth
(Arkhipova et al. 2005). Cytokinins functions are induction of amilase and protease
activity, and auxin synthesis (Mantilla 2007). Meanwhile, siderophores chelate the
environmental iron and thus make it more digestible for plants (Abdel-Aziz 2013). Some
siderophores are considered as antibiotics because they limited the iron for pathogens
growth (Aguado-Santacruz et al. 2012). The 3-indolic acetic acid (AlA), one of the most
important auxins, control process as cell division, vascular tissue differentiation,
formation of apical domain, and organ development (Blakeslee et al. 2005; Tsavkelova
et al. 2006). About antibiotics, Bacillus subtilis is able to produce more than a dozen of
antibiotics with a great diversity of chemical structures. Surfactine, iturine A and
bacillibactine are examples of antibiotic produced by Bacillus subtilis and are able to
control the growth of tomato pathongens. Even though, the effect of Bacillus subtilis will
depend of the interaction of the microorganism with the environment, host (plant) and
native microbiote of soil. Also depends on the balance between auxins and other

phytohormones (Buensanteai, et al. 2008). Tryptophan, jasmonic acid and siderophores in
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the culture medium can improve the production of auxins (Bharucha, 2013). As such,
many other factors could influence the efficient of Bacillus subtilis. The aim of this study
was to evaluate the influence of the method of application of Bacillus subtilis in plant
growth promotion, using Solanum lycopersicum and Arabidopsis thaliana as vegetal
models. The hypothesis states that each strain will have a different effect on agronomic

parameters depending on the application method.

MATERIALS AND METHODS

Strains and seeds obtaining

Three strains of Bacillus subtilis were evaluated (BEB-13, BS14, and BS8). BEB-13 strain
was provided by the Research Center and Advanced Studies of IPN (CINVESTAYV), and,
BS8 and BS14 by the Department of molecular parasitology of the Antonio Narro
Agrarian Autonomous University. Strains were activated in TGE (tryptone glucose yeast

extract) medium at 28°C (Calvo y Zufiiga 2010).

Bacillus subtilis fermentation broth

Fermentations were realized in landy medium added with tryptophan. Landy medium was
prepared as follow: glutamic acid 5.0 gL, KH,PO4 0.5 gL, K;HPO4 0.5 gL, MgSO47
H,0 0.2 gL, MnSO4H,0 0.01 gL, NaCl 0.01 gL?, FeSO47 H,0 0.01 g/L, CuSO47
H-.O 0.01 g/L, CaCl>2 H,O 0.015 g/L and tryptophan (final concentration 5mM). A
solution of glucose microfiltrated was added to the medium for a final concentration of
1%. A preinoculum was realized by inoculation in 50 mL of landy medium, incubated 48

h at 28 °C. From preinoculum were prepared the fermentation broths at a concentration of
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1x10% CFU/mL in Landy medium, and was shaked for 72 h, 120 rpm and 25°C (Awais

2010).

Siderophores detection for CAS medium

For siderophore detection in fermentation broth was used the Brian et al (2011) technique.
The technique is based on the wuse of chrome azurol S (CAS) and
hexadecyltrimethylammonium bromide (HDTMA) as indicators. The protection when are
using these reagents is need because they are moderately harmful to health. The CAS /
HDTMA complex is linked tightly to ferric iron and produces blue color. When a strong
chelator as a siderophore removes the iron from complex, the color changes from blue to

orange (Abdel-Aziz 2013).

Quantification of auxins and jasmonic acid by HPLC

For quantification of AIA, tryptamine, 3-indolilacetonitrilo, and jasmonic acid from
fermentations broths of Bacillus subtilis was used a HPLC coupled with UV detector.
Calibration curves were conducted over a range of 1 to 1000 ppm in mobile phase
(methanol-water-acetic acid in ratio 60: 40: 1). For samples, 50 mL of fermentation
supernatant were adjusted to pH 2.8 with HCI 1M and extracted 3 times with 50 mL of
ethyl acetate. The organic phases were combined and was added anhydrous sodium sulfate
to remove moisture (Castillo, 2005). The solvent was removed with rotary evaporator at
60 °C. Finally, the residue was resuspended with 2 mL of mobile phase (methanol-water-
acetic acid in ratio 60:40:1) and microfiltered to place in HPLC vials. Chromatographic
separation was performed on a reversed phase column C18, using as mobile phase

methanol-water-acetic acid (60:40:1), previously degassed and a flow rate of 0.7 mL/min.
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Detection was realized at 296 nm with UV detector by interpolating on the calibration

curve (Castillo et al. 2005).

Cell-free supernatant treatments in seed

Cell-free supernatants were gotten from Bacillus subtilis fermentation broths (BS8, BS14,
and BEB-13) by centrifugation at 12,000 rpm, 10 min and 4°C and were filtered with
0.20um microfilter. For treatments, petri dishes with murasige and skoog medium (MS)
were mixed with 1 mL of supernadant before solidification. Petri dishes with 1 mL of
landy medium were used as chemical control and petri dishes only with MS as absolute
control. Subsequently, Arabidopsis thaliana and Solanum lycopersicum seeds were added
to petri dishes. Were realized nine replicates per treatment. The boxes were placed
vertically in bioclimatic chamber at 25 ° C with a photoperiod of 16/8 h light-dark. The
germination percentage of seeds was evaluated after 7 days of treatment application

(Lakshmanan 2013).

Fermentation treatments in seeds

Solanum lycopersicum and Arabidopsis thaliana seeds were immersed 30 minutes in
fermentation broths of Bacillus subtilis. Subsequently, seeds were placed in petri dishes
with MS medium. As chemical control seeds were immersed in landy medium. For
absolute control, seeds without treatment were placed in MS petri dishes. Were realize 9
replicates per treatment. Petri dishes were placed vertically in a bioclimatic chamber at 25
° C with a photoperiod of 16/8 h light - dark (Gomez-Luna et al. 2012 ). The germination

percentage of seeds was evaluated after 7 days of treatment application.
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Fermentation treatments in seedlings

Solanum lycopersicum seeds were germinated in peat moss substrate. 21 days germinated
seedlings were transplanted to containers with peat moss, perlite and vermiculite in a rate
3:2:1. For treatments, 3 mL of fermentation broths (BS8, BEB-13, and BS14) were added
near the root with syringes. Seedlings added with 3mL of landy medium were used as
chemical control (CQ) and seedlings without treatment as absolute control (CA). Each
treatment was performed with 7 repetitions (Mena-Violante 2009). Stem length and
number of leaflets were evaluated daily by 60 days after treatments application. At the
day 60 were evaluated: seedlings wet weight, root wet weight, seedlings dry weight, root
dry weight, stem plus leaves dry weight, seedlings humidity percentage, root humidity

percentage and root length (Gomez-Luna et al 2012; Mena-Violante et al. 2009).

Stadistical analysis
The experiment was established under an ANOVA completely randomized design with a

significance level of 0.05 and comparison of Tukey.

RESULTS

Growth promoter metabolites detected in Bacillus subtilis fermentations
Siderophores, auxins and jasmonic acid were detected in Bacillus subtillis. CAS media
demonstrated that Bacillus subtilis strains produced siderophores under the conditions in
which the assay was performed. Siderophores help plants to assimilate iron and reduce the
pathogens incidence. Meanwhile, auxins as IAA, tryptamine and 3-indolilacetonitrile
were detected in all fermentation broths at different concentrations. The BS14 strain had

the highest concentrations of AlA (147.80 £ 3.03 ppm) and 3-inlolilacetonitrile (352.64 +
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19.37 ppm), and BEB-13 the highest concentration of tryptamine (605.54 £+ 39.60 ppm).
AIA concentration in evaluated strains was higher compared with previous studies
(Wahyudi et al. 2011; Luna et al. 2013). Jasmonic acid was detected in BS8 fermentation
broth at a concentration of 54.48 ppm. Table 1 shows the concentrations of metabolites
detected in each strain. Since concentrations of metabolites in each strain was different,
the effect in plants was expected different. Precursors of AIA (tryptamine and 3-
indolilacetonitrile) are indicators of the potential of strains to produce more
phytohormones under specific fermentation conditions. Jasmonic acid was evaluated

since it promote systemic resistance.

Table 1 Concentrations of AlA, tryptamine, 3-indolilacetonitrile and jasmonic acid

detected in Bacillus subtilis fermentation broths by HPLC spectroscopy. Expressed in

AIA Triptamine | 3-indolilacetonitrile | Jasmonic acid
BS8 129.53 £3.23 | 387.64 £29.84 352.64 £19.37 54.48
BS14 147.80 £3.03 | 136.74 +50.20 194.33 £8.73 0.00
BEB-13 113.39 +6.8 | 605.54 £39.60 118.04 +4.74 0.00

Effect of Bacillus subtilis in seed of Arabidopsis thaliana and Solanum lycopersicum

Solanum lycopersicum seeds treated with Bacillus subtillis fermentation broth or cell-free
supernatant didn"t geminated after seven days of treatment application. In Arabidopsis
thaliana seeds treated with supernatant the percentages of seeds germination were 44 %
for BS14, 11% for BS8 and 0% BEB-13, chemical control (CQ) 22% and absolute control

(CA) 11%. In Arabiospsis thaliana seeds treated with fermentation broth the germination
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percentages gotten were BS8 77%, BS14 44%, BEB-13 0%, CQ 22% and CA 33%.
Results showed that different results are obtained if the cell-free supernatant or
fermentation broth is applied. BS14 had the highest percentage of germination when
supernatants were applied, and BS8 when was applied the fermentation broth. Seeds
treated with BEB-13 didn’t germinated, this may be related to an excessive production of
secondary metabolites that inhibit the seed germination. After fifteen days of treatments
application, chemical and absolute controls got contaminated, but not those treated with
Bacillus subitlis. This is related to the production of siderophores by the B. subtillis strains,

and the possible production of antibiotics.

Effect of Bacillus subtilis fermentation broth in seedlings of Solanum lycopersicum

Stem length measures taken in the day 60 after treatments application, show that Bacillus
subtilis strains were able to promote length. Respect to absolute control, BS8 increased
stem length 45%, BS14 33%, BEB-13 17% and chemical control 9 %. There was realized
a growth curve of treated seedlings along 60 days, where was observed that in every
growth stage a different Bacillus subtilis strain had the best promotion. This mean that
depending on the phenological stage of the plant, the effects of each treatment will be
different. Therefore, daily measurements were statistically evaluated, along 60 days, for
knowing the promotion effect of treatments along the whole experiment and not only at
the day 60. Statistical analysis showed BS8 (a) as the one with higher promotion of stem
length, followed by BS14 (b) and BEB-13 (c) and controls (c). The curve of growth
promotion, by the 60 days, allowed to identify the best treatment in each plant stage, and
to identify the days when another dose of Bacillus subtilis should be apply. For the

parameter of leaflets number, statistical analysis were performed considering daily
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measurements, along 60 days. BS8 treatments (A) showed the highest number of leaflets,
followed by those treated with BS14 (B), BEB-13 (BC), chemical control (BC), and
finally the absolute control (C). The increase in leaflets number are related to the presence

of auxins in fermentation broths.

Root wet weight, seedlings dry weight, root dry weight, seedlings humidity percentage,
root humidity percentage and root length didn’t show statistical difference between
treatments. However, there were observed differences in the type of roots. Some Bacillus
subtilis strains promoted primary roots and others the secondary roots. For seedling wet
weight (leaves plus stem and root) the best treatment was BS8 (a), followed by chemical
control (ab), BEB-13 (ab), the absolute control (b) and finally the BS14 (b) . For stem plus
leaves dry weight the best treatment was BS8 (a), followed by BS14 (ab), BEB-13 (ab)
and chemical control (ab), and finally the absolute control (b). The effect of each strain is
related with the kind and concentration of promoting metabolites, and with the interaction
with other metabolites. Instead BS14 had the highest concentration of AIA, BS8 had the
higher promotion in seedling wet weight. Probably, BS8 produces other kind of
phytohormones as cytokinins. Meanwhile, BS14, which had the highest concentration of
AlA, had the lowest promotion in the wet weight. BEB-13 strain, which had the lowest
concentration of AlA, promoted root length but provided a short stem. Meanwhile, BS14
which had the highest concentration of AIA, promoted the stem length but got a short root.
Finally, BS8 presented lot of secondary roots. Figure 1 shows the agronomic parameters

evaluated in seedlings treated by Bacillus subtillis strains.
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Figure 1. Agronomic parameters evaluated in seedlings treated by Bacillus subtillis
strains (BEB-13 (BSN), BS8, and BS14), chemical control (C.Q.) and absolute control
(C.A).
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DISCUSSIONS AND CONCLUSION

Bacillus subtilis is a PGPR that promotes growth for mechanism as phytohormones
productions. Despite, the effect depend of several facts. Results of the present study
showed that the concentration of each detected metabolite, the vegetal model, the
application of cell-free supernatant or fermentations broth and the phenological stage of
the vegetal model influenced in the efficient of Bacillus subtilis strains as growth
promoters. The concentration of metabolites quantified in Bacillus subtilis determined
the effect in agronomic parameters. Some evaluated parameters were increased and other
decreased when Bacillus subtilis were applied, since metabolites act by antagonism or
synergism with other metabolites. In previous studies have been associated accumulation
of cytokinins to the increased of plants weight (30%), coupled with high levels of other
phytohormones such as AIA and abscisic acid (ABA) (Arkhipova et al. 2005; Rojas- Solis
et al. 2013). On other hand, there was observed that the strain which had the highest
concentration of AlA, had the lowest promotion in the wet weight, this is because the AIA
excess comes to have a negative effect on growth promotion. Jordan and Cassareto (2006)
indicate that high concentration of AIA promotes stem elongation but inhibits root growth,
while low concentration of AlA induces root growth. The quantification of precursors of
AlA proved the potential of strains to produce AIA, when fermentations broths were
added to seedlings. Finally, the presence of siderophores avoided the contamination of
seeds with pathogens. Siderophores increase iron assimilation and limit the pathogens
growth (Tejera-Hernandez et al. 2011). In previous studies, pathogens such as
Phytophthora capsici (Woo and Kim. 2008), Fusarium oxysporum (Cazorla et al. 2007;
Yu et al. 2011), and Podosphaera fusca (Jung et al. 2006) have been controlled through

siderophore production. Also, the plant model used was critical in the effect of Bacillus

51



subtilis. In seeds, the germination rate was promoted when Bacillus subtilis were added
to Arabidopsis thaliana but not when were added to Solanum lycopersicum. This mean
that in Solanum lycopersicum the concentration of metabolites weren’t appropriate for
release the seed dormancy. It has been shown that host-rizobacteria interactions favor the
promoting effect of Bacillus spp. (Martinez-Viveros et al. 2010). Therefore, the
interaction between Bacillus subtilis and Solanum lycopersicum wasn’t favorable either
by the behavior of the microorganism or by the inappropriate production of metabolites.
The effect of Bacillus subtilis, in Arabidopsis thaliana was different when cell-free
supernatant or fermentation broth were added. Some strains promoted the germination
rate when supernatant was added and others when the fermentation broth was added. Liu
et al in 2013, noted that dormancy or seed dormancy is reduced by the presence of auxin
through the stimulation of abscisic acid signaling. The strain with higher concentration of
AlA had the better promotion when supernatant was added. Meanwhile, the strain with a
middle concentration of AIA and the higher concentration of tryptamine had the better
promotion when fermentation broth was added, this was related to a constant production
of AIA around the seed by biofilm formation (Bais et al. 2004). Growth promotion by
Bacillus subtilis also was influenced by the phenological stage of plant. The BEB-13
strain, for example, inhibited the germination of seed but promoted the growth of
seedlings. This was related to the phytohormones need in each phenological stage.
Bacillus subtilis promoted the stem length and leaflets through 60 days without a daily
application since the microorganisms were able to produce auxins constantly. Previous
studies show that auxins influence in the intensity of promoting cell division, stem
elongation and root length. Also auxins delay abscission organs (leaves, flowers and

young fruit) by inhibiting hormone ethylene (Van Doorn and Stead 1997). In other hand,
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there were realized stem length and leaflets curves through 60 days and was observed that
some strains had a better promotion effect in specific days. Therefore, it’s important to
define the phenological stage that want to be promoted. This way was conclude that the
choice of the method for Bacillus subtilis application is key in the growth promotion in

Arabidopsis thaliana, and probably in others plants.
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Abstract. In plants, the phytohormones gene expression regulate growth and
development. Phytohormones can be produced endogenously by plant or can be added
exogenously. The objective of this study was to determine the phytohormones gene
expression in Solanum lycopersicum treated by 3-indole acetic acid and three strain of
Bacillus subtilis (proved as auxins producers). The evaluated genes were hormone
response genes or involved in the synthesis of hormones (cytokinins, auxins and
giberilins). Gene expression were evaluated at 12 and 24 h after treatments were applied.
Semi-quatitative RT-PCR reveals that auxin addition up-regulated or down-regulated
genes related with other phytohormones as cytokinins and gibberillins. And the over-
expression of some hormones genes had as result the down-regulation of other hormones.
Key words
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INTRODUCTION

Auxin induces the expression of a number of growth-associated genes including enzymes
of other phytohormones as gibberillins and cytokinins. Auxins regulate diverse cellular
and developmental responses in plants, including cell division, expansion and
differentiation, patterning of embryos, vasculature and other tissues, and distribution of
growth between primary and lateral root and shoot meristems (Reed, 2001), even if auxins
are produced endogenous by plants or added exogenous. In addition, resent studies had
showed that auxins and other hormones affect at genetic level and influence in acquired
resistance by priming plants. The perception and signaling of the plant hormone auxin
rely on the cooperative action of several components, among which auxin/indole-3-acetic
acid (Aux/1AA) proteins play a pivotal role (Audran-Delalande et al, 2012). Aux/IAA
genes were first isolated as members of a family of genes that were rapidly induced in
response to auxin (indole-3-acetic acid, IAA) (Reed, 2001). Aux/IAAs are described as
short-lived and nuclear-localized proteins (Hagen and Guilfoyle 2002, Liscum and Reed
2002) Audran-Delalande et al, 2012, and biochemical and genetic studies indicated that
they generally function as transcriptional repressors of auxin-regulated genes (Tiwari et
al. 2001, Tiwari et al. 2004). Aux/IAA proteins were shown to be a direct target of the
auxin transport inhibitor responsel (TIR1) and of its paralogs AUXIN RECEPTOR F-
BOX/AFB1 and AFB3F-box receptors (AFBs) (Dharmasiri et al. 2005a, Dharmasiri et al.
2005b, Kepinski and Leyser 2005, Tan et al. 2007). Audran-Delalande et al, 2012
Canonical Aux/IAA proteins share four conserved amino acid sequence motifs known as
domains I, I1, 11l and IV, although several proteins lacking one or more of these domains
are also included in the family (Reed 2001). Bioactive gibberellins (GAs) regulate distinct

developmental processes during the entire life cycle of a higher plant, including growth
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and flowering (Davies, 2004; Fleet and Sun, 2005; Mutasa-Gottgens and Hedden, 2009).
GAs are formed via complex biosynthetic pathways, the final part of which is catalysed
by 2-oxoglutarate-dependent dioxygenases, referred to as GA-oxidases (Lange et al,
2012).

Gibberellin (GA) biosynthesis is necessary for normal plant development, with later GA
biosynthetic stages being governed by multigene families. Arabidopsis thaliana contains
five GA 20-oxidase (GA200x) genes (Plackett et al, 2012; Lange et al, 2012). In
Arabidopsis, five genes encode 69 GA200x enzymes. In Col-0 background, GA200x1, -
2, and -3 are the dominant forms with an important role in growth and fertility while
GA200x4 and 5 have minor roles (Plackett et al., 2012; Nam et al, 2016). Auxin induces
the expression of a number of growth-associated genes including gibberellin biosynthesis
enzymes (Frigerio et al, 2006; Jaillais and Chory, 2010; Nam et al, 2016).

Cytokinins are abundant in proliferating tissues, such as root and shoot apical meristems,
young leaves, and immature seeds (Letham, 1994). Sites of cytokinin biosynthesis are not
known well. Tissues with high levels of cytokinins are generally considered to be the sites
of cytokinin biosynthesis (Miyawaki et al, 2003). In many plant species the cytokinins
biosynthesis is catalysed by adenosine phosphate isopentenyltransferase (IPT), producing
isopentenyladenine (iP) nucleotides as CK precursors (Kakimoto, 2001; Takei etal., 2001,
Sakamoto et al., 2006). In Arabidopsis thaliana, the iP-nucleotides are converted into
trans-zeatin (tZ) nucleotides by the cytochrome P450 monooxygenases, CYP735A1 and
CYP735A2 (Takei et al., 2004). In tomato, Matsuo et al (2012) isolated and designed two
CYPT735A-like cDNA sequences, SICYP735A1 and SICYP735A2. SICYP735A1 was
mainly expressed in roots, flowers, and young fruits and SICYP735A2 was expressed in

leaves, roots, and young fruits.
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The present study investigated the effect of IAA and Bacillus subtilis strains (IAA
producers) in phytohormones gene expression in Solanum lycopersicum seedlings. It has
been prove in previous studies that the exogenous addition of phytohormones can affect
the production of other phytohomones that try to maintain the homeostasis for the plant

growth and development.

METHODOLOGY

Strains and seedlings obtaining. Three strains of Bacillus subtilis were evaluated (BEB-
13, BS14, and BS8). BEB-13 strain was provided by the Research Center and Advanced
Studies of IPN (CINVESTAYV), and, BS8 and BS14 by the Department of molecular
parasitology of the Antonio Narro Agrarian Autonomous University. Strains were
activated in TGE (tryptone glucose yeast extract) medium at 28°C (Calvo y Zuiiiga 2010).
Solanum lycopersicum seeds were germinated in peat moss substrate. 21 days germinated
seedlings were transplanted to containers with peat moss, perlite and vermiculite in a rate

3:2:1.

Bacillus subtilis fermentation broth. Fermentations were realized in landy medium
added with tryptophan. Landy medium was prepared as follow: glutamic acid 5.0 gL,
KH2PO4 0.5 gL, KzHPO4 0.5 gL, MgS047 H20 0.2 gL, MnSO#H20 0.01 gL, NaCl
0.01 gLt, FeSO47 H,0 0.01 g/L, CuSO47 H20 0.01 g/L, CaCl,2 H,0 0.015 g/L and
tryptophan (final concentration 5mM). A solution of glucose microfiltrated was added to
the medium for a final concentration of 1%. A preinoculum was realized by inoculation

in 50 mL of landy medium, incubated 48 h at 28 °C. From preinoculum were prepared the
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fermentation broths at a concentration of 1x10° CFU/mL in Landy medium, and were

shaken for 72 h, 120 rpm and 25°C (Awais 2010).

IAA solutions. A Stock of 1AA at 10,000 ppm was prepared in ethanol. Later, from the

stock were prepared the IAA solutions at 50 ppm and 100 ppm with water.

Treatments application to seedlings. Six treatments were evaluated in Solanum
lycopersicum seedlings: three Bacillus subtillis fermentation broths (BEB-13, BS8,
BS14), AlA at 50 ppm, AlA at 200 ppm, and seedlings without treatment as absolute
control (CA). From each treatment were added 3 mL near the root with syringes.
Treatments were performed with two replicates. After 12 h of treatments applications were
taken follicles from the apical zone for RNA isolation. In the same way the experiment

was performed for evaluation at 24 h.

RNA isolation and Semiquantitative retrotranscriptase PCR (RT-PCR). Total RNA
was extracted from apical follicles according to a modified version of the TRIZOL®
method (Life Technologies, Grand Island, NY). The ARN quality was observed with a 1
% agarose gel in DEPC wather. Later the ARN was quantify with UV spectrophotometer
at 260/280 nm. After, the obtention of cDNA and the PCR were realized with a MyTaq™
One-Step RT-PCR Kit (Bioline) and the manufacturers’ protocol was followed. For RT-
PCR were used two genes related to auxins: AUXIAA and GH3 (PBS), one gene related
to gibberilins (Ga200x4) and one gene related to cytokinins (SICYP735A1). Also an
endogenous gene (G3F) of Solanum lycopersicum was evaluated. Sequenses of primers

were designed with primer blast of NCBI and was calculated the annealing temperature.
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The expected molecular weight were for endogenous gene 190pb; GH3, 177 pb;

AUXIAA, 130 pb; GA200x4, 895 pb and for SICYP7 291 pb, The expected bands were

observed in 1% agarose gel by electrophoresis. Relative fold differences were calculated

based the Imagen J program.

RESULTS AND DISCUSSION

Results show that the addition of exogenous IAA affect the expression of genes related

with phytohormones (Table 1), not only of IAA. The time when ARN was extracted from

treated plants also influenced the gene expression. For example the gene of cytokinins

presented a different expression at 12 and 24 h. In other hand in the auxins genes, GH3

was down expressed and AUXIAA over expressed at 12 h.

Table 1. Expression of genes in Solanum lycopersicum treated by IAA and Bacillus

subtilis
12h 24h
Auxins Giberillins | Cytokinins Auxins Giberillins | Cytokinins
Treatments | GH3 | AUXIAA | GA200x4 | SICYP735A1 | GH3 | AUXIAA | GA200x4 | SICYP735A1
BS8 0.32 1.07 0.00 1.54 0.61 0.41 0.20 0.58
BS14 0.51 1.13 0.00 3.90 0.95 0.57 0.31 0.94
BSN 0.35 0.62 0.00 2.22 0.68 0.43 0.03 0.00
AlA 50 0.35 3.76 0.00 3.70 0.92 0.54 0.08 0.91
ppm
AlA 200 0.31 0.77 0.00 1.27 1.07 0.97 0.09 1.03
ppm
Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Gene AUXIAA in Solanum lycopersicum treated with BS8, BS14, and with IAA at 50

ppm was overexpressed at 12 h after treatment but down-expressed at 24 h.

Auxin/indoleacetic acid (Aux/IAA) genes, encoding short-lived nuclear proteins, are key
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regulators in the auxin transduction pathway (Wu et al, 2012). In other hand I1AA at 50
ppm increased triplicate the expression of AUXIAA at 12 hours, meanwhile IAA at 200
ppm decrease the gene expression. In contrast at 24 h the treatment of IAA at 200 ppm
was the one with the higher expression of AUXIAA. This showed that when the
concentration of IAA is low the gene got activated at the first hours and then is depressed,
but when the 1AA concentration is high first the gene is depressed and at 24 h the gene
expression increase. The response to auxins depends to the concentration of auxins
(Paponov et al, 2008). This is related to the homeostasis process. Abel and Theologis
(1996) reported tan the auxins addition provokes the rapid transitory accumulation of the

genes SAURSs (por small auxin upregulated RNAs), GH3 and Aux/IAA.

The gene GH3 was down expressed with all the treatments at 12 h, and only 1AA at 200
ppm overexpressed GH3 at 24h. To maintain IAA homeostasis in plants, some members
of the GH3 gene family may mediate the conjugation of amino acids to IAA (Zhang et al,
2011). Accumulated evidence suggests that some members of the GH3 gene family may
be involved in modulating the level of free IAA, jasmonic acid (JA), and salicylic acid
(SA) via amino acid conjugation and light signaling. In Arabidopsis thaliana, 20 members
of the GH3 gene family have been characterized and subdivided into three groups, namely
I (jasmonate-conjugating), Il (auxin- and salicylic acid-conjugating), and Ill (benzoate-
conjugating) (Chen et al. 2010). The higher concentration of IAA activated the GH3 at 24

h to avoid the damage of the plant by IAA excess.

Gibberillins gene were down expressed in all the treatments. In contrast, at 12 hours

cytokinins gene was over expressed with all treatments. Phytohormones such as
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gibberllins and cytokinins play an important role in the regulation and development of
plants. However, they sometimes have antagonistic effects in some developmental
processes (Weiss and Ori, 2007). Therefore, at certain stages of plant growth, the
expression of some genes may be suppressed while others are overexpressed. Similarly,
the addition of exogenous phytohormones may alter the production of the same type of
added hormones or even of another class of hormones (Ariizumi et al, 2013). Previous
studies in Arabidopsis have shown that giberillins signaling inhibits cytokinins. For its
part, in the present study gibberillins were down expressed and citikins over expressed as
a consequence of auxins addition. Studies by Fleishon et al. (2011) evaluated the balance
between giberillins and citokinis by adding exogenous hormones. In that study the
phytohormones showed antagonistic effects on molecular processes among them:
Giberillins inhibited the induction of first response genes of cytokinis, of the type TRRS
(Tomato Response Regulators). In contrast, the exogenous application of gibberillins does
not repress the regulation of endogenous citokinins (Genes DELLA) (Ariizumi et al,

2013).

CONCLUSION

The addition of exogenous phytohormones induces plant response in the production of
phytohormones. The treatments modified the expression of genes related to
phytohormones (increasing or decreasing expression). The AUXIAA gene (auxins) and
the gene related to the synthesis of cytokinins showed the greatest increase in expression
with treatments applied at 12h. Gene overexpression was greater at 12 h than at 24 h after
application of treatments. Overexpression of cytokinin genes may be related to decreased

gene expression of gibberilins.
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