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Resumen. El objetivo fue determinar diferencias
en la actividad enzimatica antioxidante y la con-
centracion de fenoles totales en plantas de limon
mexicano (Citrus aurantifolia (Christm.) Swingle),
limon persa (Citrus latifolia Tanaka); y naranja dulce

PuBLICACION ANTICIPADA EN LiNEA 2017

Abstract. The objective was to determine
differences in antioxidant enzyme activity and
total phenol concentration in Mexican lime plants
(Citrus aurantifolia (Christm.) Swingle), Persian
lime (Citrus latifolia Tanaka); and Valencia sweet
orange (Citrus sinensis (L.) Osbeck). Infected
under natural field conditions with Candidatus
Liberibacter asiaticus (Calas), in Bustamante,
Tamaulipas, Mexico. The presence of Calas
was determined by qPCR. We determined the
enzymatic activity of phenylalanine ammonia lyase
(PAL), which is activated by pathogen attack; the
peroxidase involved in wall lignification in response
to infection; the a-amylase which degrades starch
and accumulates in vascular tissue; and phenolic
compounds involved in defense functions. A
contrasts analysis was performed. Total protein
significant  differences

concentration showed
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Valencia (Citrus sinensis (L.) Osbeck), infectadas
bajo condiciones naturales de campo con Candida-
tus Liberibacter asiaticus (CaLas), en Bustamante,
Tamaulipas, México. Se determinoé la presencia de
Calas por qPCR; la actividad enzimatica de fe-
nilalanina amonio liasa (PAL), que se activa ante
el ataque de patdgenos; peroxidasa que interviene
en la lignificacion de paredes como respuesta a la
infeccion; a-amilasa que degrada el almidon y se
acumula en el tejido vascular, y compuestos feno-
licos que cumplen funciones de defensa. Se reali-
z6 un analisis de contrastes. La concentracion de
proteinas totales mostrd diferencias significativas
entre especies (P<0.0001). Con una media de 6.1
y 6.37 mg de proteinas por g de tejido fresco para
arboles infectados de limén mexicano; y naranja
dulce negativa a Calas. La actividad peroxidasa
present6 diferencia significativa para limon persa
(P=0.0341), con una media de 1.96 U-mg de protei-
na’'. En naranja dulce se observo mayor actividad
de a amilasa en los arboles infectados por Calas
(1.19 U'mg de proteina™). La concentracion de PAL
y fenoles totales no mostraron diferencias signifi-
cativas entre especies. En el presente estudio se ob-
servo que Cal.as influye en la actividad enzimatica
de citricos.

Palabras clave: Huanglongbing, Fenilalanina
amonio liasa, peroxidasa, a-amilasa, proteinas to-
tales, fenoles totales.

Candidatus Liberibacter asiaticus (CalLas),
afecta las zonas productoras de citricos en México
(DGSV-SENASICA y Mora-Aguilera, 2012); re-
duce 18.6 % el volumen de jugo y 17.3 % el peso
de fruto de limon persa en Yucatan, México; lo que
provoca pérdidas de produccion de 2.4 tha'! (Flo-
res-Sanchez, et al., 2015). La infeccion inducida
por HLB, altera la exportacion de fotoasimilados,
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between species (P<0.0001). With a mean of 6.1
and 6.37 mg of protein per g of fresh tissue for
infected Mexican lime trees, and sweet orange
negative Calas. The peroxidase activity presented
a significant difference for Persian lime (P=0.0341),
with a mean of 1.96 Umg of protein'. In sweet
orange, higher a-amylase activity was observed
in CaLas infected trees (1.19 Umg protein). The
concentration of PAL and total phenols did not
show significant differences between species. In the
present study it was observed that Calas influences
the enzymatic activity of Citrus species.

Key words:
ammonia lyase, peroxidase, alpha amylase, total
proteins, total phenols.

Huanglongbing, Phenylalanine

Candidatus Liberibacter asiaticus (CaLas),
affects the citrus-producing areas in Mexico
(DGSV-SENASICA and Mora-Aguilera, 2012);
it reduces by 18.6 % the volume of juice and by
17.3 % the weight of fruits in Persian lime in
Yucatan, Mexico, causing losses in production
of 2.4 tha'! (Flores-Sanchez, et al., 2015). The
infection induced by HLB alters the export of
photoassymilates caused by the retention of starch,
which generates the expression of symptoms in the
tree (Kim et al., 2009; Koh et al., 2012).

Calas causes biochemical and structural
changes in citrus plants to prevent the spread of the
bacteria, by activating response proteins (Albrecht
and Bowman, 2008). In response to the infection of
citrus plants with HLB, carbohydrate metabolism
involving a-amylase is altered (Albrecht and
Bowman, 2008; Etxeberria ef al., 2009).

Phenylalanine ammonia lyase (PAL) intervenes
in response to the attack of the pathogens (Almario
et al., 1994). In citrics, the flavedo has the ability to
respond to attacks by pathogens, by the increase of
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provocada por la retencion de almidoén, lo que ge-
nera la expresion de sintomas en el arbol (Kim et
al.,2009; Koh et al., 2012).

Cal.as provoca cambios bioquimicos y estruc-
turales en plantas de citricos para evitar la dise-
minacion de la bacteria, mediante la activacion de
proteinas de respuesta (Albrecht y Bowman, 2008).
Como respuesta a la infeccion de plantas de citricos
con HLB, el metabolismo de carbohidratos en el
que interviene la o amilasa, es alterado (Albrecht y
Bowman, 2008; Etxeberria et al., 2009).

La fenilalanina amonio-liasa (PAL) intervie-
ne en respuesta al ataque de patéogenos (Almario
et al., 1994). En citricos, se ha observado que el
flavedo posee la capacidad de responder al ataque
por patogenos, mediante el aumento de los nive-
les de transcrito de la PAL asi como de su activi-
dad (Ballester et al., 2006). La enzima peroxidasa
(POD) protege a las plantas del dafio causado por
radicales libres 0 ROS generados por diferentes ti-
pos de estrés, participa también en la lignificacion
de la pared celular y en la degradacion del acido
indolacético (Robinson, 1991). Se ha demostrado
que los fenoles poseen una funcidon importante en
la defensa de las plantas frente a distintos factores
bioticos y abidticos (Lu et al., 2015). Estas se pue-
den modificar por efectores que secretan las bacte-
rias Ca. Liberibacter dentro del hospedante y que
alteran genes relacionados con la defensa; Cal.as
codifica salicilato hidroxilasa como mecanismo
para evadir la defensa de las plantas (Aritua et al.,
2013). Mora-Aguilera et al., 2014, sehalan que el
manejo del HLB debe considerar la susceptibilidad
de las especies de citricos y la carga del indculo.
Entender el comportamiento enzimatico de arboles
infectados con Cal.as en diferentes especies per-
mitiria desarrollar alternativas para la proteccion o
defensa de la planta. El estudio se desarrollo con el
objetivo de determinar diferencias en la actividad
enzimatica antioxidante y concentracion de fenoles
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the PAL transcript levels, as well as of its activity
(Ballester et al., 2006). The enzyme peroxidase
(POD) protects plants from the damage caused by
the free radicals or ROS generated by different types
of stress and also participates in the lignification of
the cell wall and in the degeneration of indolacetic
acid (Robinson, 1991). Phenols have proven to
play an important part in the defense of plants to
different biotic and abiotic factors (Lu et al., 2015).
They can be modified by effectors secreted by
the bacteria Ca. Liberibacter inside the host, and
that alter genes related to defense; Cal.as codifies
salicylate hydroxylase as a mechanism to evade
the plants defenses (Aritua et al., 2013). Mora-
Aguilera et al., 2014, indicate that HLB control
must consider the vulnerability of the citrus species
and the load of the inoculant. Understanding the
enzymatic behavior of trees infected with Calas
in different species could help develop alternatives
for the protection or defense of the plant. This study
was developed with the objective of determining
differences in the antioxidant enzyme activity and
the concentration of phenols in three citrus species
in Bustamante, Tamaulipas, Mexico.

taken in Felipe Angeles,
Bustamante, Tamaulipas, Mexican lime (Citrus
aurantifolia (Christm.) Swingle), Persian lime
(Citrus latifolia Tanaka) and sweet orange trees
(Citrus sinensis (L.) Osbeck) aged 10 to 12 years
were sampled under rainfed conditions, in the

Samples were

phenological stage of fruit set. Samples were taken
from two trees with symptoms per species, and one
without symptoms. The material was gathered in
each one of the cardinal points of the tree (north,
south, east, and west), three repetitions of five
leaves were taken from each point and kept in
liquid nitrogen.

For DNA extraction, the technique quoted
by Almeyda-Ledn et al. (2001) was modified
for its use: 100 mg of tissue were ground in



REvisTA MEXicANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

FuLry BiLINGuAL

en tres especies de citricos en Bustamante, Tamau-
lipas, México.

Las muestras se recolectaron en Felipe Ange-
les, Bustamante, Tamaulipas. Se realizd un mues-
treo dirigido hacia arboles de 10 a 12 afios de edad
de limon mexicano (Citrus aurantifolia (Christm.)
Swingle), limoén persa (Citrus latifolia Tanaka); y
naranja dulce (Citrus sinensis (L.) Osbeck), bajo
condiciones de temporal, en la etapa fenoldgica de
amarre de fruto. Se tomaron muestras de dos arbo-
les con sintomas por especie y uno sin sintomas.
El material se recolectd en cada uno de los puntos
cardinales del arbol (norte, sur, este y oeste), se to-
maron tres repeticiones de cinco hojas por punto; y
se conservaron en nitréogeno liquido.

Para la extraccion de ADN se uso la técnica ci-
tada por Almeyda-Leon et al. (2001) modificada:
se trituraron 100 mg de tejido en nitrogeno liquido,
se adiciond 1 mL de solucioén de extraccion 2 ME/
CTAB precalentado a 65 °C. Se mezclo en vortex
por 30 seg y se incubo a 65 °C por 45 min. Se agre-
g6 500 pL de cloroformo alcohol isoamilico 24:1,
se agitd la mezcla por inversion y se centrifugd a
12,000 rpm durante 10 min. Se recuper6 la fase
acuosa y se adicion6 un volumen igual de cloro-
formo alcohol isoamilico 24:1, se repitio ciclo de
centrifugado. Se recuperd la fase superior y se afa-
di6 0.6 volumen de isopropanol para precipitar el
ADN a -20 °C durante 24 h. Se centrifug6 a 12,000
rpm por 20 min, se lavo la pastilla con etanol al
70 %, se centrifugd a 12,000 rpm por 15 min,
se dejo secar la pastilla y se resuspendio en 50 pl
de agua inyectable (Pisa). La presencia de la bac-
teria se determin6 de acuerdo al protocolo de SE-
NASICA-SAGARPA, (2010), usado en la Estacion
Nacional de Epidemiologia y Saneamiento Vegetal
(SENASICA-ENECUSaV); en el estado de Queré-
taro, México.

El extracto crudo para cuantificacion de protei-
nas totales, fenilalanina amonio liasa, peroxidasa y
a-amilasa, se tomo de Diaz ef al. (2010), modificado:
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liquid nitrogen, 1 mL was added of 2 ME/CTAB
extraction solution, preheated at 65 °C. It was
mixed in a vortex for 30 sec and incubated at
65 °C for 45 min. Next, 500 pL of isoamyl alcohol
chloroform was added 24:1, the mixture was stirred
inversely and centrifuged at 12,000 rpm for 10 min.
The aqueous phase was extracted and an equal
volume of isoamyl alcohol chloroform was added
24:1; the centrifuge cycle was repeated. The top
layer was taken and 0.6 volume of isopropanol was
added to precipitate the DNA at -20 °C for 24 h. It
was centrifuged at 12,000 rpm for 20 min, the pellet
was washed with ethanol at 70 %, centrifuged at
12,000 rpm for 15 min, left to dry and resuspended
in 50 pl injectable water (Pisa). The presence
of bacteria was determined according to the
protocol by SENASICA-SAGARPA, (2010) used
in the National Plant Epidemiology and Health
Station (SENASICA-ENECUSaV), in the state of
Querétaro, Mexico.

The raw extract for the quantification of
total proteins, phenylalanine ammonia lyase,
peroxidase, and a-amiylase, was taken from Diaz et
al. (2010), and modified: 1 g of grinded sample was
placed in liquid nitrogen, in a sodium phosphate
buffer solution 100 mM, pH 7. The samples were
centrifuged at 12,000 rpm for 20 minutes at a
temperature of 4 °C; later, the supernatant was
collected and stored at -20 °C. For the extraction
of phenols, methodology B, used by Kéhkonen et
al. (1999) was used here with some modifications;
250 mg of the grinded sample were placed in a
2 mL eppendorf tube and 1 mL of methanol at 80 %
was added; it was shaken in a vortex for one minute
and centrifuged at 10,000 rpm for 15 minutes.
The supernatant was collected in a 1.5 mL amber
eppendorf tube. It was re-extracted with 500 puL of
absolute methanol, repeating the process and stored
at -20 °C until use.

Protein concentration was determined according
to the technique by Bradford (1976), which



FuLry BILINGUAL

REvisTA MExicANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

se colocd 1 g de muestra macerada en nitrogeno li-
quido, en una solucion tampon fosfato de sodio 100
mM, pH 7. Las muestras se centrifugaron a 12,000
rpm durante 20 minutos a una temperatura de 4 °
C, posteriormente se colectd el sobrenadante y se
almacend a -20 °C. Para la extraccion de fenoles se
utilizé la metodologia B usada por Kidhkonen et al.
(1999) con algunas modificaciones; se colocaron
250 mg de la muestra macerada en un tubo eppen-
dorf de 2 mL y se agregd 1 mL de metanol al
80 %, se agitd en vortex por un minuto, se centri-
fugd a 10,000 rpm por 15 minutos. El sobrenadante
se recuper6 en un tubo eppendorf &mbar de 1.5 mL.
Se re extrajo con 500 puL de metanol absoluto, re-
pitiendo el proceso; y se conservé a -20 °C hasta
su uso.

La concentracion de proteinas se determind se-
gun la técnica de Bradford (1976), la cual consistio
en mezclar 1 mL de reactivo de Bradford con
100 pL de extracto crudo. Los valores de absor-
bancia de proteinas totales se determinaron a una
A=595 nm en un thermo spectronic Biomate 3. El
contenido de proteinas se expresdé en mg de pro-
teinas por mg de tejido fresco. La curva patron se
obtuvo con albimina de suero bovino segiin Garcia
y Vazquez (1998).

La determinacién de la actividad fenilalanina
amonio-liasa (PAL) se realiz6 de acuerdo a la téc-
nica descrita por Rodriguez-Pedroso et al., (2006).
Se usé como referencia el coeficiente de extincion
molar de 0.0174 M-'cm™! para calcular la actividad
enzimatica (Trotel-Aziz et al., 2008).

La actividad peroxidasa se determiné mediante
la metodologia usada por Ruttimann et al., (1992).
La actividad de la enzima se expres6 como mili-
moles de rojo de fenol oxidado por gramo de tejido
fresco por minuto (Yedidia ez al., 1999).

Para la cuantificacion de o amilasa se utilizo el
protocolo de SIGMA-ALDRICH, (2015). La cur-
va patron se realizo con varias concentraciones de
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consisted in mixing 1 mL of Bradford reagent with
100 pL of raw extract. The total protein absorbance
values were determined at a A=595 nm in a thermo
spectronic Biomate 3. The protein content was
expressed in mg of protein per mg of fresh tissue.
The pattern curve was obtained with the albumen
of cow serum, as per Garcia and Vazquez (1998).

Phenylalanine ammonia lyase (PAL) activity
was determined according to the technique
described by Rodriguez-Pedroso et al., (2006). The
0.0174 M'em! molar extinction coefficient was
used as a reference to calculate enzyme activity
(Trotel-Aziz et al., 2008).

Peroxidase activity was determined using the
methodology used by Ruttimann et al., (1992).
Enzyme activity was expressed as millimoles of
phenol red oxidized per gram of fresh tissue per
minute (Yedidia et al., 1999).

For the quantification of o amylase, we used the
SIGMA-ALDRICH protocol, (2015). The standard
curve was produced with various concentrations
of maltose. The a amylase activity was defined as
umol'min' of maltose released per pg of protein
(Menéndez et al., 2006).

The content of phenols was determined with
the Folin-Ciocalteu method (Singleton et al,
1999). A mixture was prepared using 200 pL of
the methanolic extract, 100 pL Folin-Ciocalteu
reagent, and 200 pL of sodium carbonate at 20 %.
It was shaken and left to rest for 30 min. After this
time, total phenol absorbance was measured at one
A=760 nm. A standard curve was produced with
various concentrations of gallic acid.

The SAS 9.0 statistical package was used to
perform an analysis of contrasts between the trees
with positive and negative diagnoses for CaLas.
The variables analyzed were: total proteins, PAL,
POD, a-amylase, and total phenols.

The sampled trees with symptoms displayed a
general yellowness of the canopy and they appeared
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maltosa. La actividad o amilasa se definid6 como
pmol'min™' de maltosa liberados por pug de proteina
(Menéndez et al., 2006).

El contenido de fenoles totales se determind por
el método Folin-Ciocalteu (Singleton et al., 1999).
Se preparo6 una mezcla con 200 pL del extracto me-
tanolico, 100 puL del reactivo de Folin-Ciocalteu; y
200 pL de carbonato de sodio al 20 %. Se agitd y
se dejo reposar durante 30 min. Transcurrido este
tiempo se midio la absorbancia de fenoles totales
a una A=760 nm. Se realiz6 una curva patréon con
diferentes concentraciones de acido galico.

Se utilizo el programa estadistico SAS ver. 9.0
para realizar un analisis de contrastes entre los ar-
boles con diagnoéstico positivo y negativo a Cal as.
Las variables analizadas fueron: proteinas totales,
PAL, POD, a-amilasa; y fenoles totales.

Los arboles con sintomas muestreados presenta-
ron un amarillamiento general de la copa y aparien-
cia deshidratada; en las hojas se observaron motea-
dos asimétricos menos visibles. Las muestras sin-
tomaticas fueron positivas a Calas y las muestras
asintomaticas fueron negativas. Para la deteccion
de Calam todas las muestras fueron negativas.

El anélisis de contrastes entre arboles positivos
y negativos mostré diferencias significativas entre
especies (P<0.0001). La concentracion de protei-
nas para limon mexicano mostré una media de
6.1 mg de proteinas por g de tejido fresco para ar-
boles infectados, mientras que para negativos fue
5.46 mg de proteinas por g de tejido fresco con una
significancia de P=0.0238. En naranja dulce hay
una diferencia significativa de P=0.0002 con una
media de 5.27 y 6.37 mg de proteinas por g de te-
jido fresco en arboles positivos y negativos respec-
tivamente (Cuadro 1; Figura 1). La determinacion
de proteinas totales en la planta permite detectar
cambios ocasionados por diferentes tipos de es-
trés bidtico y abidtico (Casado, 2004), tal como se
muestra en este estudio al encontrar diferencias en
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dehydrated; leaves presented asymmetric, less
visible spots. Symptomatic samples were positive
for Calas, and asymptomatic samples were
negative. For the detection of CalLam all samples
were negative.

The analysis of contrasts between positive and
negative trees displayed significant differences
between species (P<0.0001). Protein concentration
for Mexican lime displayed an average of 6.1 mg
of proteins per g of fresh tissue for infected trees,
whereas for negative ones, it was 5.46 mg of
proteins per g of fresh tissue with a significance of
P=0.0238. In sweet orange, there is a significant
difference of P=0.0002 with an average of 5.27 and
6.37 mg of proteins per g of fresh tissue in positive
and negative trees, respectively (Table 1; Figure
1). Determining total proteins in the plan helps
find changes caused by different types of biotic
and abiotic stress (Casado, 2004), as shown in this
study when finding differences in the concentration
of proteins between positive and negative trees for
Cal as.

Determining PAL did not display significant
differences between species, although a higher
concentration of PAL was observed in Persian lime
and Mexican line (21.75, 16.09 U'mg of protein)
for negative trees. In contrast, sweet orange trees
infected by CaLas showed a higher concentration
(17.98 U'mg of protein™) (Table 1; Figure 1). The
results of this study coincided with Chenyang et
al. (2001), who mention that the enzyme activity
of PAL is modified by biotic and abiotic factors
in the plant, since despite having no significant
differences, a higher PAL concentration was
observed in sweet oranges affected by HLB. The
results in Persian and Mexican lime coincided
with Martinelli et al. (2016), who point out
that the regulation of PAL dropped due to the
infection of CaLas in both species, one considered
moderately tolerant, Volkameriana lime (Citrus X
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Cuadro 1. Analisis de contrastes entre arboles con diagnéstico negativo y positivo a Ca. Liberibacter asia-

ticus en el estado de Tamaulipas.

Table 1. Analysis of contrasts between trees with negative and positive diagnoses for Ca. Liberibacter

asiaticus in the state of Tamaulipas.

ANOVA
Media + Desviacion ~ Media + Desviacion
estandar de arboles estandar de arboles F Pr>F
Variables Especies positivos negativos
Tres especies 57 £1.1 5.69+0.8 9.81 <.0001
Proteinas totales Limon persa 5.72+1.06 5.25+0.45 2.74 0.1010
(PT) Limoén mexicano 6.1 +£1.25 5.46+0.73 5.29 0.0238
Naranja dulce 5.27+0.78 6.37+0.59 15.03 0.0002
. . Tres especies 1740 £4.4 18.09+5.3 2.09 0.0620
:;‘:)i?})aﬁ;‘g Limén persa 19.17 + 4.04 21.75+3.6 3.10 0.0816
(PAL) Limo6n mexicano 15.05 +3.69 16.09 +3.45 0.50 0.4809
Naranja dulce 17.98 £4.54 16.44 + 6.49 1.11 0.2946
Tres especies 127+ 1.4 1.82+ 1.7 1.05 0.3979
Peroxidasas ~ Limon persa 0.82 £ 0.60 1.96 +1.75 4.63 0.0341
(POD) Limén mexicano 1.2 £0.8 1.53+1.33 0.38 0.5371
Naranja dulce 1.79£2.19 1.96 +£1.93 0.11 0.7373
Tres especies 1.08 + 0.4 0.94+ 0.4 6.36 <.0001
. Limon persa 1.26 +0.53 1.31+0.39 0.14 0.7064
o amilasa . .
Limoén mexicano 0.79 £0.24 0.99+£0.21 2.87 0.0935
Naranja dulce 1.19+0.34 0.56 +£ 0.6 30.27 <.0001
Tres especies 1938 +5.4 20.75 £ 4.6 0.89 0.5045
Fenoles tofales Limon persa 18.58 £5.36 2043 £5.17 0.99 0.3233
Limo6n mexicano 18.72+£5.9 20.71 £4.24 1.14 0.2889
Naranja dulce 20.84 +£4.73 21.10+4.79 0.02 0.8887

la concentracion de proteinas entre arboles positi-
vos y negativos a CalLas.

La determinacion de PAL no mostré diferencias
significativas entre especies, sin embargo se obser-
v6 mayor concentracion de PAL en limon persa y
limon mexicano (21.75, 16.09 Umg de proteina™),
para arboles negativos; por el contrario naranja dul-
ce presentd mayor concentracion en los infectados
por Calas (17.98 Umg de proteina™) (Cuadro 1;
Figura 1). Los resultados de éste estudio coinciden
con Chenyang et al. (2001) quienes mencionan que
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volkameriana), and the other, Navel orange, highly
vulnerable.

The levels of peroxidase activity presented a
significant difference for Persian lime (P=0.0341).
A higher concentration of the enzyme was observed
in trees not infected with CalLas with averages of
1.96 Umg of protein™ for Persian lime and sweet
orange, and for Mexican lime, 1.53 Umg of
protein!' (Table 1; Figure 1). In this investigation,
we oberved a higher enzyme peroxidase activity
in negative citrus trees; however, symptoms
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la actividad enzimatica de la PAL es modificada
por factores bidticos y abidticos en la planta; ya
que a pesar de no tener diferencias significativas
se pudo observar mayor concentracion de PAL en
naranja dulce afectada por HLB. Los resultados en
limén persa y mexicano coinciden con lo sefialado
por Martinelli ef al. (2016) quienes indican que la
regulacion de la PAL disminuy6 a causa de la in-
feccion de Cal.as en dos especies de citricos, una
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Figura 1. Comparaciéon de medias de Proteinas totales
(1A), fenilalanina amonio liasa (PAL) (1B), pe-
roxidasa (1C), a-amilasa (1D) y fenoles totales
(1E), para las fuentes de variacion de localidad,
especie y orientacion de ramas evaluadas en ar-
boles sanos y positivos a Ca. Liberibacter asiati-
cus.

Figure 1. Comparison of averages of total proteins (1A),
phenylalanine ammonium lyase (PAL) (1B), pe-
roxidase (1C) a-amylase (1D), and total phenols
(1E), for the sources of variations of location, spe-
cies, and branch orientation evaluated in trees,
both negative and positive for Ca. Liberibacter
asiaticus.

of central and secondary veins degeneration in
leaves leaves infected with HLB, produced by the
induced lignification by this enzyme, as mentioned
Robinson (1991).

In the enzyme quantification of a-amylase,
significant differences were presented between
species and between positive and negative sweet
trees (P<0.0001).
lime and Mexican lime trees displayed a higher

orange Negative Persian
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considerada moderadamente tolerante, limén Vol-
kameriana (Citrus x volkameriana); y la otra alta-
mente susceptible, naranja Navel.

Los niveles de actividad peroxidasa presen-
taron diferencia significativa para limén persa
(P=0.0341). Se observo mayor concentracion de
la enzima en arboles no infectados con Cal.as con
medias de 1.96 U'mg de proteina’ para limon persa
y naranja dulce, y para limén mexicano de 1.53,
Umg de proteina’ (Cuadro 1; Figura 1). En la
presente investigacion se observo mayor actividad
enzimatica de la peroxidasa de los citricos en arbo-
les negativos; no obstante, se observaron sintomas
de acorchamiento de nervaduras centrales y secun-
darias de las hojas infectadas con HLB, producto
de la lignificacion inducida por ésta enzima como
menciona Robinson (1991).

En la cuantificacion enzimatica de a-amilasa
se presentaron diferencias significativas entre es-
pecies y entre arboles positivos y negativos de na-
ranja dulce (P<0.0001). En arboles negativos de
limoén persa y limén mexicano se observd mayor
concentracion de a-amilasa (1.31, 0.99 Umg de
proteina™'), respectivamente; en arboles positivos
la mayor concentracion se detectd en limoén persa
(1.26 U'mg de proteina™') (Cuadro 1; Figura 1). En
el estudio de Martinelli et al. (2016), la a-amilasa
se expreso en limon Volkameriana (Citrus % vo-
lkameriana), sefialada como moderadamente to-
lerante, y la B-amilasa en naranja Navel, material
altamente susceptible. En el presente estudio, el
estrés ocasionado al arbol provoco que la actividad
o-amilasa aumentara en limoén persa seguido por
naranja dulce.

Los niveles de concentracion de fenoles totales
se presentaron en un rango minimo de 18.5 mg de
acido galico por g de peso fresco registrado para
las muestras infectadas con Cal.as de limon persa.
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concentration of a-amylase (1.31, 0.99 Umg of
protein™'), respectively; in positive trees, the highest
concentration was found in Persian lime (1.26 U'mg
of protein™) (Table 1; Figure 1). In the study by
Martinelli et al. (2016), a-amylase was expressed
in Volkameriana lime (Citrus x volkameriana),
indicated as moderately tolerant, and f-amylase in
Navel orange, a highly vulnerable material. In this
study, the stress on the tree caused the a-amylase
activity to increase in Persian lime, followed by
sweet orange.

The levels of total phenols were displayed in a
minimum range of 18.5 mg of gallic acid per g of
fresh weight registered for the samples of Persian
lime infected with Cal.as. Sweet orange presented
the maximum value (21.10 mg of gallic acid per g
of fresh weight) in negative trees. In the analysis
of contrasts, the determination of total phenols did
not show significant differences between species
(P=0.5045) (Table 1; Figure 1). Coinciding with
Yedidia et al. (1999), who point out that when
suppressing the peroxidase activity, the production
of phenolic compounds is also reduced, the results
do not display a significant difference in peroxidase
activity or in phenol compounds.

CONCLUSIONS

The study showed a higher concentration of
proteins in Mexican lime with Calas, and sweet
orange in the negative ones. There was a higher
PAL enzyme activity in sweet orange tested positive
for Calas than in negative trees. The activity of
the enzyme peroxidase was not perceivable in
this stage of the disease, as was the case for the
concentration of total phenolic compounds. The
activity of a-amylase was higher in Persian lime.
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Naranja dulce presentd el valor maximo, 21.10 mg
de acido galico por g de peso fresco, en arboles ne-
gativos. En el analisis de contrastes la determina-
cion de fenoles totales no se observaron diferencias
significativas entre especies (P=0.5045) (Cuadro 1;
Figura 1). Coincidiendo con Yedidia et al., 1999,
quienes sefialan que al reprimirse la actividad de
la peroxidasa, también disminuye la produccion de
compuestos fendlicos, los resultados no muestran
una diferencia significativa en la actividad peroxi-
dasa, ni en compuestos fenoles.

CONCLUSIONES

El estudio mostréo mayor concentracion de pro-
teinas en limon mexicano con Calas, y naranja
dulce en los negativos. Se observd mayor activi-
dad enzimatica PAL en naranja dulce positiva a
CaLlas que en los arboles negativos. La actividad
de la enzima peroxidasa no fue perceptible en esta
etapa de la enfermedad, al igual que la concentra-
cion de compuestos fenolicos totales. La actividad
a-amilasa fue mayor en limon persa.
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