Effect of different culture medium components on production of
alkaloid in callus tissues of Cereus peruvianus (Cactaceae)
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ABSTRACT. The production of alkaloids from Cereus peruvianus callus cultured in
medium supplemented with different tyrosine concentrations, different 2,4-D/kinetin
levels, and with NaCl was investigated using long-term callus culture. o- and pB-Esterase
isozyme patterns were also analyzed to investigate the differential gene expression in callus
subcultured with the different tyrosine concentrations. The greatest amounts of alkaloids
were obtained from callus maintained in medium containing 200 mg/L of tyrosine.
Tyrosine induced a differential gene expression for the synthesis of specific a and B-esterase
isozymes. Two a-carboxylesterases (EC 3.1.1.1) and one o/B-arylesterase (EC 3.1.1.2) were
induced in callus, one a/B-acetylesterase (EC 3.1.1.6) and two a-carboxylesterase were
detected as more intensely stained while two o/B-carboxylesterases were absent or detected
as more weakly stained bands after the addition of tyrosine as precursor.
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RESUMO. Efeito de diferentes componentes no meio de cultura na produgio de
alcaldides em tecidos de calos de Cereus peruvianus (Cactaceae). Tecidos de calos em
cultura prolongada de Cereus peruvianus foram utilizados para investigar a produgio de
alcaldides pelos calos quando mantidos em meio de cultura suplementados com diferentes
concentragdes de tirosina, com diferentes niveis de 2,4-D/cinetina, e contendo NaCl. Foi
analisado também, o padrio de isozimas a- e [-esterases, para investigar a expressio
diferencial de genes nos calos subcultivados com as diferentes concentragdes de tirosina. A
maior quantidade de alcaldides foi obtida a partir de calos mantidos em meio contendo 200
mg/L de tirosina. A adigio de tirosina no meio induziu uma expressio génica diferencial
para a sintese de isozimas a- ¢ f-esterases. Duas a-carboxilesterases (EC 3.1.1.1) e uma o/B-
arilesterase (EC 3.1.1.2) foram induzidas nos calos, uma o/B-acetilesterase (EC 3.1.1.6) e
uma o-carboxilesterase foram detectadas como bandas mais intensamente coradas, enquanto
duas o/B-carboxilesterases nao foram detectadas ou foram fracamente coradas apds a adi¢io
de tirosina como precursor no meio de cultura.

Palavras-chaves: alcaléides, cactos, cultura de tecidos de calos, cactos colunar, mandacaru, tirosina.

Introduction

Most investigations have used plant cell culture,
with considerable advantage to living plants, for the
production of secondary metabolites (Kutney, 1996;
Sato et al., 2001). Cell culture is beneficial due to the
fact that useful metabolites are obtained under a
controlled environment, regardless of climatic
changes and soil conditions. In addition, the
products are free from microbe and insect
contamination, and cloning of cell lines provides
further optimization for end product yields. Living

plants generally present various concentrations of
the target compounds, which may depend on
specific seasons during which plant collection is
performed (Salmore and Hunter, 2001; Puricelli et
al., 2002; Ralphs and Gardner, 2001, 2003). This is
much more difficult if the desired plant species
grow in geographically or politically inaccessible
regions.

In the cactus Cereus peruvianus, comparison of
total alkaloid production from plants with callus
tissues indicated that larger amounts of alkaloids
were obtained from long-term callus tissues. In their
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turn, the latter had been cultured in original
medium and from callus tissue cultured in medium
containing tyrosine as a supplement (Oliveira and
Machado, 2003). Based on these results, tyrosine in
C. peruvianus callus tissue may be incorporated into
the alkaloid pathway and act directly as a precursor
of tyramine synthesis, which is the main alkaloid in
callus tissue. Actually, tyrosine has also been
considered a precursor for numerous secondary
metabolites (Jensen, 1986; Croteau et al., 2000).

Production and induction media for alkaloids
have been well characterized in other plant species
in terms of high sugar concentrations and different
ammonium/nitrate ratios (Mérillon et al., 1986;
Schripsema and Verpoorte, 1992). Concentration
and carbon source, basal medium components, as
well as concentration and type of growth regulator,
pH, temperature, light intensity, photoperiod, and
stress conditions are additional factors that may
increase productivity of cultured plant cells
(Moreno et al., 1995; Kodja et al., 1989; Zhao et al.,
2001). Cytokinins have also been reported to
stimulate alkaloid synthesis by cultures from
different plant cell tissue (Rhodes et al., 1986;
Teramoto and Komamine, 1988; Arvy et al., 1994,
Hara et al., 1994).

In the present study, we investigated the
production of alkaloids from callus tissue cultured
in medium supplemented with different tyrosine
concentrations, at different 2,4-D/kinetin levels, and
in medium supplemented with sodium chloride.
Long-term callus tissue growing in original medium
served as a comparative control. a- and B-Esterase
isozyme patterns were also analyzed to investigate
the differential gene expression in callus tissues
subcultured in medium containing different
tyrosine concentrations. The addition of tyrosine in
the culture medium may change the expression of
esterase genes.

Material and methods

Callus culture

Callus tissues of C. peruvianus were obtained
from six hypocotyls which were cut and used as
explants for callus induction in MS medium
(Murashige and Skoog, 1962) containing B5
vitamins (Gamborg et al., 1968), 0.8% agar, 3%
sucrose, 4.0 mg/L 2,4-dichlorophenoxyacetic acid
(2,4-D) and 4.0 mg/L N-(2-furanylmethyl)-1H-
purine-6 amine (kinetin), or 4.0 mg/L 2,4-D and 8.0
mg/L kinetin, and mantained at 32°C under a 16 h
photoperiod (15 m? [ ec’ light intensity). Non-
regenerant callus tissues were subcultured in fresh
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medium at 25 to 30 day intervals (Oliveira ef al.,
1995).

Callus tissues from long-term cultures (13-
years-old) induced in medium containing 4.0 mg/L
2,4-D and 4.0 mg/L kinetin were transferred to petri
dishes (9 callus pieces/dishes) containing fresh
medium supplemented with 50, 100, 150, and 200
mg/L tyrosine. So that the effect of different 2,4-
D/kinetin levels could be assessed, callus tissues
were transferred to petri dishes containing fresh
medium with 2.0 mg/L 2,4-D and 4.0 mg/L kinetin,
and 1.0 mg/L 2,4-D and 4.0 mg/L kinetin. Further,
callus tissues were transferred to petri dishes
containing fresh medium with NaCl 50 mM so that
salt stress could be analysed. Callus tissues from
long-term cultures, transferred to the original fresh
medium (4.0 mg/L 2,4-D and 4.0 mg/L kinetin)
without tyrosine and salt, were used as control to
verify the effect of different culture media
supplements on production of alkaloid in callus
tissues of C. peruvianus. The three experiments were
done in triplicate.

Extraction and isolation of alkaloids extracts

Callus tissues of C. peruvianus were lyophilized
separately. The freeze-dried material (1 g) was
ground and refluxed for 1 hour with a solution of
2% acetic acid prepared with 70% ethanol (50 mL,
v/v). After filtration, ethanol was evaporated under
reduced pressure to produce an acid aqueous
solution. The solution was alkalinized with NH,OH
to reach pH 8.0-9.0, and extracted three times with
the same volume of CH,Cl, Extract was
subsequently evaporated under reduced pressure
and the residue was dissolved in 10 mL of ethanol.

Identification of alkaloids

Alkaloids tyramine and hordenine were isolated
and identified by analyzing their physical and
spectral properties (Oliveira and Machado, 2003).
Alkaloids in the ethanol extracts were identified by
thin-layer chromatography, silica gel G60 saturated
with 0.1 N KOH, using CHCIl;:Methanol (95:5,
v/v) as eluent and ninhydrin spray was used as the
detecting reagent, by comparison with authentic
standards of tyramine ( R; = 0.12) and hordenine (R,
= 0.66).

Alkaloids analysis

Alkaloid concentration was determined by an
ultraviolet-spectrophotometer (Varian Carey-1E).
UV detection wavelength was 274 nm and tyramine
(1 mg/mL, Sigma-Aldrich Co., St. louis, MO) was
used as standard, since tyramine and hordenine were
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the alkaloids previously identified from C. peruvianus
(Oliveira and Machado, 2003).

Results and discussion

Comparison of total alkaloids production from
C. peruvianus callus tissues indicated that larger
amounts of alkaloids were obtained from callus
tissues maintained in medium containing 200 mg/L
of tyrosine as supplement (Table 1). Since tyrosine
is the precursor of tyramine, supplementation of C.
peruvianus callus culture with tyrosine resulted in
increased yields of tyramine. The induction of
alkaloid production in cell culture has been
primarily attributed to a remarkable increase in the
activity of specific methyltransferase (Hara et al.,
1994).

Table 1. Alkaloid production from callus tissue of Cereus
peruvianus cultured under original conditions (MS medium and
absence of tyramine) and in MS medium containing 50, 100, 150,
200 mg/L tyrosine, and containing proportions 4/4, 2/4, 1/4 of
2,4-D/ KIN, and 4/4 2,4-D/ KIN proportion and 50 mM NaCl.

Total alkaloid production

(mg/g of dry wt)
Tyrosine mg/L
Zero 2.623+0.679°
50 2.160 £ 1.079 "
100 2.820+£0.463 "
150 2.158 +1.456°
200 3.116£0.418"
2,4-D / Kin proportion
4/4 2.623 £ 0.679°
2/4 2.480 = 0.337°
Ya 1.470 + 0.636°

4/4 + 50 mM NaCl 2110 = 1.183°

+ Standard deviation for triplication experiments for each treatment. Mean following by
the same letter are non significant by Turkey test (SAS System copyright 1999-2000 by
SAS Institue Inc., cory, NC, USA) ]

The continuous exposure of C. peruvianus callus
tissues (30 days) in medium containing tyrosine
induced differential gene expression for the
synthesis of specific - and B-esterase isozymes.
Esterase isozyme patterns in long-term callus
culture (Figure 1) showed that two a-
carboxylesterases (EC 3.1.1.1; EST-6 and EST-7
isozymes) and one o/B-arylesterase (EC 3.1.1.2; EST-
8 isozyme) are induced in callus which had been
cultured with tyrosine; one o/B-acetylesterase (EC
3.1.1.6; EST-2 isozyme) and two a-carboxylesterases
(EST-3 and EST-12 isozymes), detected as more
intensely stained, indicated an enhanced expression
of this esterases, while two o/B-carboxylesterases
(EST-10 and EST-11 isozymes) were absent or
detected as more weakly stained bands (Figure 1).
Tyrosine, incorporated into the alkaloid pathway of
callus tissues of C. peruvianus, acts directly as a
precursor of tyramine synthesis or as precursor of
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other alkaloids, an aromatic domain of suberized
tissues, lignins and lignans (Croteau ef al., 2000) in
which intermediate compounds containing acetil
groups such as p—coumaroyl-CoA may be substrate
to acetylesterases.

16 17 18 19 20

E¢-03
Es-02
Es-01

Zero 50 100 150 200mM

Figure 1. o- and B-esterases detected in long-term callus tissue
culture of Cereus peruvianus subcultured to original conditions
(absence of tyrosine; lanes 1-4), and in medium containing 50
(lanes 5-8), 100 (lanes 9-12), 150 (lanes13-16), and 200 mg/L
(lanes 17-20) of tyrosine. The EST-6 and EST-7 a-
carboxylesterases, and EST-8 a/B-arylesterase are induced in callus
cultured with tyrosine; EST-2 o/B-acetylesterase and EST-3 and
EST-12 a-carboxylesterases are detected as more intensely stained,
and EST-10 and EST-11 o/B-carboxylesterases were absent or
detected as more weakly stained bands.

PAGE and inhibition tests for biochemical
characterization of esterases from shoot of plants,
young callus tissue (recently induced: 1 - 12
months-old), and long-term callus cultures (13
years-old), showed a total of twenty three a-, -, and
a/B-acetyl, carboxyl, and arylesterases (unpublished
results). Unchanged esterase pattern in most of a
hundred calli have been detected in long-term callus
cultures maintained in their original culture
conditions. After a hundred subculture cycles (13
years with periodic subculture at 30-days-interval),
callus showed the esterase pattern represented by
samples 1-4 in Figure 1. A stable and repeated
growth of the callus under standard conditions has
also been observed. There are, therefore, indications
that the callus tissue cultures of C. peruvianus form a
stabilized cell line, which, according to Bougard et al.
(2001), could be defined as such when growth
parameters were repeated during three consecutive
subculture cycles in stable culture conditions.

The production of alkaloid in callus culture
growing under standard conditions has been
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stimulated by lowering the proportion of 2,4-D:KIN
(Di Cosmo and Towers, 1984; Robins et al., 1986;
Rhodes et al., 1986) or by additions of salt in culture
medium, however, in C. peruvianus lower alkaloid
production was detected in callus maintained with
1:4 proportion of 2,4-D:KIN (Table 1). This is due
to the fact that cytokinins not only regulate plant
growth and development, but may influence
differently the secondary metabolism in different
higher plants (reviewed by Hara et al., 1994).

Although the esterase isozyme pattern cannot be
directly associated to higher or lower levels of
alkaloids, in the long-term callus tissue culture,
specific genes may increase the alkaloid content in
some callus, whereas suppression of endogenous
gene activity may severely decrease the alkaloid
content in other callus tissues after addition of
precursor or specific elicitors. So that, to the tissue
culture system of C. peruvianus becomes
economically viable, the selection of variant cell
lines with increased biosynthetic abilities for alkaloid
production in medium containing additional
supplements is of paramount importance. Despite
difficulties for inducing a higher production of
alkaloid in callus tissue, it is a more appropriate
method than to employ living plants for obtaining
higher alkaloid production.
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