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ABSTRACT

A pH 6 phosphatase activity was identified in extracts from Solanum cardiophyllum plantlets cultured in vitro in
the absence of acetylsalicylic acid (ASA) using p-nitrophenylphosphate as substrate. This activity was inhibited by
both phosphate and fluoride but not by ASA added to the enzymatic reaction mixtures. There was, however, a
marked difference found between the development of the plantlets grown on the ASA-containing {10 M) (MBA)
medium, which grew poorly on it and those which, after being exposed to ASA in a first period, were cultured in a
subsequent period on the ASA-free (MB) medium. In these not only the original stems turned into vigorous
plantlets during the second culture period, but also many new stems emerged. In a similar way, the activity ex-
pressed in the plantlets that had grown in the presence of ASA, whose average activity was 27 % lower than the
activity of the plantlets developed on the ASA-free medium, differed from that expressed in the plantlets devei-
oped first on the MBA medium and in a consecutive period on the ASA-free medium, being the average activity
detected 94 % higher than the activity of the plantlets grown on the ASA-free medium.
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RESUMEN

Una actividad de fosfatasa pH 6 fue identificada en extractos de plantulas de Solanum cardiophyllum cultivadas
in vitro, en ausencia de dcido acetilsalicilico (ASA), usando como substrato p-nitrofenilfosfato. Esta actividad, que
fue altamente expresada en la pléntula, fue inhibida por fosfato y fluoruro pero no por ASA agregados a las
mezclas de reaccién enzimdticas. Sin embargo, una marcada diferencia fue encontrada entre las plantulas desa-
rrolladas en el medio suplementado con ASA 10 M (MBA), las cuales dificilmente crecieron y las plantulas que
se cultivaron primero en el medio MBA y posteriormente en el medio sin ASA (MB). En éstas, el tallo original cre-
cié vigorosamente en el segundo medio y varios tallos nuevos emergieron. De manera paralelq, la actividad de
fosfatasa expresada en las plantulas desarrolladas en presencia de ASA, que fue en promedio 27 % menor que la
actividad expresada en las plantulas desarrolladas en el medio MB, fue diferente de la actividad expresada en las
plantulas desarrolladas en forma consecutiva en el medio MBA y posteriormente en el MB, la cual fue en pro-

medio 94 % mayor a la observada en las plantulas cultivadas en el medio MB.
Palabras claves: actividad de fosfatasas, transduccién de sefial, plantula, PR-proteinas

Introduction

The plant facing a pathogen attack induces a broad-
spectrum resistance. This includes the localized accu-
mulation of salicylic acid (SA) followed by its systemic
accumulation. A set of genes, the so-called patho-
genesis-related genes are then switched on and their
products in turn act as molecular signals promoting the
coordinate expression of the systemic acquired resis-
tance (SAR) genes (1). These confer a nonspecific re-
sistance (2). The concentration of SA in these plants
was comelated with the level of induction of both
SAR genes and resistance (3-6).

Reversible protein phosphorylation functions as a
major mechanism for the control of biological processes
in eukaryotic cells (7, 8). In plants, however, little in-
formation is available (9, 10). Recently, it has been
demonstrated (11) that SA is probably not the movile
inducing signal for the SAR response in plants, and that
it is not the primary systemic signal (12).

The artificial application to the plant of either
SA, or ASA, its exposure to UV light or ozone (13)
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increases the endogenous concentration of SA to
levels that account for the induction of the patho-
genesis related proteins (14) and SAR response
(1, 15). Some protein products of the SAR genes
have activity against pathogens and therefore they
are related to plant resistance (16). A rather broad
spectrum of SA induced effects on biological activi-
ties of cells are known (17-24). In a previous report,
the inhibitory effect of ASA on the in vitro devel-
opment of S. cardiophyllum (Solanaceae) vitro-
plants was assessed (25). Despite the existing in-
formation, the generality of -the role of SA in

‘biological signaling is still under debate (11, 12)

and the role of phosphatases in this particular case
is still in the field of speculation. In view of the fact
that in other systems, phosphatases are known to be
involved in the control of biological processes, the
experiments presented in this preliminary paper
were performed to define whether or not a highly
expressed phosphatase in the plant is interfered by
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ASA, and'if that were the case, to determine the re-
lationship between the patterns of plant growth and
enzyme activity exhibited by S. cardiophyllum plantlets.

Materials and Methods

Culture of Axilary Buds

Axilary buds of the stem from plantlets of S. car-
diophyllum were cultured at 26-28 °C and under a
photoperiod of 16 h during periods of 30 days as
follows: on the solid MBA medium, which was the
Murashige and Skoog medium (26) modified as
previously described (25) containing 10° M ASA
(condition A); on the MBA solid medium first and a
subsequent period on the MB solid medium, which
was the ASA-free MBA medium (condition B) and
on the MB solid medium (condition C).

Phosphatase Assays

Plantlets (350 mg wet weight) developed from the axil-
ary buds were ground with 2 mL of distilled water in a
frozen mortar, the debris were spun down at 4 000 xg at
4 °C during 10 min and the clear supernatant was im-
mediately used for the phosphatase assays. The amount
of protein in the extracts was assessed in accordance
with Lowry, et al. (27). For the determination of the
phosphatase activities (orthophosphoric-monoester
phosphohydrolase; EC 3.1.3.2) present in the ex-
tracts, in 1 mL of the final volume, the reaction mnix-
ture contained: 0.5 mL of buffer solution (potassium
acetate: acetic acid 10* M pH 4.0, 4.5; potassium
citrate: hydrochloric acid 10* M pH 5.0, 5.5, 6.0;
potassium citrate: potassium hydroxide 10*M
pH 6.5, 7.0; tris-HCl (hidroxymethyl aminomethane):
hydrochloric acid 10*M pH 7.5, 8.0), 0.4 mL distilled
water and 0.1 mL of a freshly prepared solution of p-
nitrophenylphosphate (10 pymoles mL-1). Immediately
after preparation the reaction mixtures were prewarmed
10 min at 30 °C and afterwards 6 pL of the enzymatic
extract was added (9 pg of protein approximately). The
reaction mixtures were incubated at 30°C during
10 min and the reaction stopped with 3 mL of NaOH
0.1 N. The amount of p-nitrophenol produced was de-
termined at 400 nm. As inhibitors of the phosphatase
activities 6 pmoles of NaF or 20 pmoles of potassium
phosphate were used in the reaction mixture, using so-
lutions with their pH adjusted to the pH of the buffer of
the reaction mixture (28). Every enzymatic determina-
tion was performed in duplicate.

Results

Hdentification of a Highly Expressed Phosphatase
Activity in S. cardiophyllum

The identification of a highly expressed phosphatase
activity in the enzymatic extracts of S. cardiophyi-
lum was made screening the range of pH between 4
and 8 and using plantlets developed under the con-
dition C. In the series of three independent experi-
ments, the maximal phosphatase activity detected
was at pH 6 (Figure 1). The phosphatase activities
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assayed in the presence of potassium phosphate or
NaF showed that the pH 6 phosphatase activity was
strongly inhibited by any of these compounds.
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Figure 1. Profile of phosphatase activities, assayed at the pH values indicated, present in
the cell-free extracls from plantlets of S. cardiophyllum developed on the MB medium (&).
The phosphatase mhibitors were added to the reaction mixtures as follows: potassium
phosphate (+), 20 mmoles; sodium flouride (*), 6 mmoles.

Effect of ASA on the Development

of S. cardio-phyllum Plantlets and their pH 6
Phosphatase Activity.

The expression of the pH 6 phosphatase activity was
determined in the plantlets developed under the
three experimental conditions indicated. The aver-
age enzymatic activity determined in the extracts of
plantlets developed under the experimental condi-
tion C was considered as 100 %. In the extracts of
plantlets developed under the condition A, the data
of almost all determinations along the three series of
experiments performed were the lowest observed,
being the average activity 27 % lower than condi-
tion C (Table 1). Contrasting with the activity of
condition A, in all the assays performed with the
extracts of condition B the highest activities were
detected with an average activity of 94.42 % above
condition C. According to Tukey's test, two groups
of means were formed. No difference between con-
dition A and condition C mean was found; however,
condition B mean differed significantly from any
other condition. The analysis of variance for condi-
tion and experiment showed a highly significant ef-
fect of the condition. ASA interfered with the devel-
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Table 1. Determination of the pH 6 phosphatase adlivity in cell-free extracts from plantlets of S. cardiophyllum
cultured during periods of 30 days on: MB medium plus 10° M ASA (condition A), MB medium plus 10° M ASA
and a subsequent period on MB medium (condition B), and on the MB medium (condition C). In each experi-
ment the assays were performed in duplicate and the data represent the average and percentage. Within
conditions, values in the last column followed by the same letter are not significantly different (after Tukey’s

test, a = 0.05).

Plantles mpmols of p-nitrophenol produced / mg protein / hour
developed

under: Experiment 1 Experiment 2 Experiment 3 Average
Condition A 66.66 (74.06) 86.74 (69.39) 105.36 (75.31) 86.25 b (72.90)
ConditionB  170.00 (188.88) 360.00 (288.00) 160.00 (114.36) 230.00 a (194.42)
Condition C 90.00 (100.00) 125.00 (100.00) 139.90(100.00) 118.30 b (100.00)

opment of the plantlets grown under condition A
(Figure 2a); however, when these plantlets were
transferred to and cultured on the ASA-free me-
dium, not only the original stems turned into vigor-
ous plantlets but also new stems emerged
(Figure 2b). The aspect of the plantlets grown on
the ASA-free medium is also shown (Figure 2c).

Effect of ASA Added to the Enzymatic Reaction
Mixture on the pH Phosphatase Activity

The activity of the pH 6 phosphatase was assayed in
the presence of 102 and 10° M ASA added to the
reaction mixture and as is shown in Table 2, the ac-
tivities detected in the extracts from plantlets grown
on the ASA-free medium (condition C) were not
interfered by ASA. However, in those plantlets that
had been developed under condition B an average
reduction of 26.68 % of the activity was observed
when 107 M ASA was present in the reaction mix-
ture, in comparison with the same kind of extracts
simultaneously assayed without adding ASA to the
reaction mixture.

Discussion

A phosphatase activity-which is highly expressed at
pH 6 in S. cardiophyllum plantlets cultured in vitro
using p-nitrophenylphosphate and crude extracts
was clearly identified. These experimental condi-
tions allowed the obtainment of preliminary infor-
mation in order to have a general view of the phe-
nomenon. Gellatly, et al. (29) purified an acid phos-
phatase from potato tuber, which performs its
maximal activity at pH 5.8 and has significant phos

photyrosine phosphatase activity. Several reports about
kinases and phosphatases in plants exist (6, 29-35).
ASA by itself did not interfere with the phosphatase
activity. In the series of 12 assays performed in three
independent experiments, it was demonstrated that the
pH 6 phosphatase activity was not interfered when 10’
or even 10° M ASA was present in the enzymatic reac-
tion mixture, using the extracts from plantlets that had
not-been exposed to ASA. These results indicated that
the ASA solution by itself had not interfered with the
enzymatic activity. When the plantlets had been grown
in the presence of ASA, the enzymatic activity assayed
under the same experimental condition suffered an av-
erage decrease of 26.68 % (Table 2) compared with the
same extracts simultaneously assayed without adding
ASA fto the reaction mixture. The magnitude of this in-
hibition was particularly high taking into account that
the enzymatic activity shown by the extracts from
plantlets developed under the experimental condi-
tion B was 94.42 % above the average activity dis-
played by the extracts of condition C. These results
suggest: 1) That SA and the presence of another ele-
ment whose expression might be induced in the devel-
opment of the cells exposed to ASA, was required in
the cell to allow its interaction and to interfere with the
activity of the pH 6 acid phosphatase. Chen, et al. (36)
have identified in tobacco a soluble SA-binding protein
(SABP) which in its native fonn might be a homo-
tetramer of a 57 kDa polypeptide. They indicated that
SABP in association with SA might perform altered
activities. 2) That the cell growing under condition
A, in order to overcome the pH 6 phosphatase ac-
tivity shortage, over-producesit, and the activity

Table 2. Determination of the pH 6 phosphatase activity in the cell-free extracts of S. cardiophyllum, adding
ASA to the reaction mixtures. The data, presented in percentages, are the results of three independent experi-

ments performing each determination sixfold.

Plantlets developed Concentration of ASA (M) in the mixture
under:

10~ 107 0
Condition B 73.32 81.32 100.00
Condition C 103.00 115.38 100.00
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determined under this condition represents that ac-
tivity displayed by the free enzyme molecules. Dur-
ing the second period of incubation of condition B, the
plantlets were developed on the ASA-free medium.
Under these conditions, the concentration of endoge-
nous SA of the cell might have fallen short enough to
cause dissociation of the ternary complex. The high ac-
tivity detected in this kind of extract might account for
the sum of the active pH 6 phosphatase plus the enzyme
molecules that reassumed their activity once disso-
ciated (3). That the effect of ASA added at the moment
of the assay on the phosphatase activity, from extracts of
plantlets developed under condition B, could be ex-
plained by the remains of the ASA-induced factor pres-
ent in those extracts, which allowed the formation of the
ternary complex while losing the activity of a proportion
of the enzyme molecules. SA interacts with specific tar-
get proteins to adjust enzymatic activities. Chen, ef al.
(37) have demonstrated the specific inhibition of certain
catalase isozymes by SA in tobacco leaves.

The effects of ASA on plantlet development were
parallel to their pH 6 phosphatase expression. The
highest pH 6 phosphatase activity detected was in
the plantlets developed under the experimental con-
dition B. These cultures showed the production of
several well developed stems from a single bud.
This has a potential utilization in plant micropropa-
gation. Preliminary results (unpublished data) have
shown that following this procedure S. tuberosum cv
Alpha stems can be obtained. Their tuber production
in the greenhouse was interesting because they de-
veloped numerous aerial tubers. Contrasting with
the phosphatase activity of condition B, in almost all
the assays performed with the extracts of condi-
tion A, the lowest phosphatase activity was de-
tected. The plantlets cultured under condition A
showed the lowest development as well. The data of
each experiment is presented (Table 1) to show the
extent of the variation of the pH 6 phosphatase ac-
tivity. However, the highest activity was always the
expression found in the plantlets of condition B. It
has been demostrated that the condition B mean dif-
fers significantly from the other conditions and the
highly significant effect of the condition. Many tu-
bers of S. cardiophyllum were utilized in the devel-
opent of this work and, in general, a single plantlet
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Figure 2. Aspect despicted by the plantlets of
S. cardiophyllum developed under: condition A (a),
condition B (b), and condition C (c). The actual length
of the letters is 4 mm.

was used to prepare every enzymatic extract. We
believe that the source of this variation is the natu-
ral variability of this wild species. Work in progress
deals with the full characterization of the homolo-
gous enzyme in S. tuberosum which, being an im-
portant crop, suggests the potential practical appli-
cations of these procedures.
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