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Abstract

The potential of various culture lines of Atropa acuminata were investigated for
resourcing acid phosphatase (ACP) (3.1.3.2). Crude enzyme extract comprised of
a mixture of four isoforms, distinguishable by polyacrylamide gel electrophoresis
(PAGE) with molecular weight ranging from 39 to 215 kDa. In vitro regenerated
proliferative shoots, callus and roots showed higher specific activity (2.49, 3.41,
2.91 U/mg protein, respectively) as compared to in vivo grown plants (0.71 U/mg
protein). ACP activity in root cultures increased progressively up to 4.6 U/mg
during the entire growth period (2 - 24 weeks), whereas in case of shoot cultures,
the specific activity escalated to 2.49 U/mg at 8 weeks, which then declined
subsequently (1.95 U/mg). Similarly, callus cultures initially showed a higher
phosphohydrolytic activity (3.41 U/mg protein) until 8 weeks by which period, it
decreased with the passage of growth period. The present studies reveal an
alternate system for resourcing of ACP from Atropa acuminata.

Introduction

Phosphohydrolases (EC 3.1.3) are a group of commercial enzymes that catalyze
the hydrolysis of broad spectrum phosphate esters and anhydrides. Microorga-
nisms and snake venoms are potent commercial sources of this class of enzyme
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(Utika et al. 1973). Phosphohydrolases are involved in a multitude of biological
functions ranging from antibacterial action to bone metabolism in animals to
phosphate uptake in plants. In plants, their possible role in phosphate
mobilization during seed germination and seedling growth has been reported
(De-Kundu and Banerjee 1990). Phosphohydrolases are commercially utilized as
food additives (Andrews 1991), biochemical reagents (Su 1995) and potential
therapeutic targets (Bull et al. 2002). Since inosine-5-monophosphate and
guanosine-5’-monophosphate have strong flavor enhancing activities, phospho-
hydrolases find wide application in production of free nucleotides and
nucleosides from RNA (Utika et al. 1973). Plants have developed many adaptive
mechanisms to enhance their availability, thereby increasing the uptake of
inorganic phosphate (Pi) under enduring P: deficit conditions. One such adaptive
mechanism is production and secretion of ACPs to release Pi from organic forms
(Goldstein et al. 1988). Plant ACPs have been isolated and characterized from
several sources such as seeds (Granjeiro et al. 1999), roots (Panara et al. 1990),
leaves(Staswick et al. 1994) and fruits (Turner and Plaxton 2001). Some of these
have also been crystallized (Strdter et al. 1992). These enzymes, either homo- or
heterodimeric glycoproteins, exist as intracellular (localized in cytoplasm and
vacuole) or extracellular (localized in cell wall) isoforms that can markedly differ
in their molecular weight, substrate specificity and their susceptibility to
inhibition by various compounds such as molybdate, phosphate, vandate,
fluoride, etc. (Ferriera et al. 2000, Ehsanpour and Amini 2003). Plant tissue
culture systems provide a better alternative for the production of these enzymes.
Microbial cultures are not the preferred choice for particular enzymes like ACP,
which are usually active in their glcosylated form and in some cases, misfolding
of proteins in bacteria and hyperglycosylation of proteins in fungi may occur
(Harashima 1994), thereby making plant cultures an alternative and more
valuable system or resource for these enzymes. Field grown plants are not
preferred as a source for the industrial production of plant enzymes due to the
presence of polyphenols, which leads to poor enzymatic yields. Reports have
proved the ability of cell suspension cultures of Nicotiana tabacum (Buitelar and
Tramper 1992) and Catharanthus roseus (Tanaka et al. 1985) as the most promising
source for production of phosphohydrolases. The present communication
describes screening of in vitro regenerated morphogenetic lines of Atropa
acuminata for the production of ACPs, which could be further exploited
commercially for resourcing this important enzyme.
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Materials and Methods

In vitro regenerated morphogenetic lines of calli and plantlets of Atropa
acuminataas described earlier (Ahuja et al. 2002) and the candidate plant grown in
vivo were utilized during the present study to screen for ACP enzyme activity.
Heterogeneous cell suspensions were routinely cultured in 50 ml MS supple-
mented with BAP and NAA (each 1 mg/l) and 170 mg/l of Pi as control which is
described as the optimal concentration (+ Pi) over 8 days (Bozzo et al. 2002). Pi-
starvation treatments were given after 8 days in which +Pi cells were washed
with Pi deficient MS. These cells were inoculated into five separate flasks
containing different Pi concentrations (1.5, 3.0, 6.0 and 12 mM). Over a 16 day
growth period, the cells were harvested by filtration through Whatman filter
paper (0.45 um) on a Buchner funnel and cell extracts prepared for ACP assay.

ACP activity in plant samples were determined according to procedure
described by Dolapchiev and Bakalova (1982) using p-nitrophenyl phosphate (p-
NPP) as substrate, which corresponds to phosphomonoesterase activity in
particular. Fresh tissue (1 g) was macerated in a chilled pestle and mortar at 4°C
in liquid nitrogen and extraction buffer (0.05 M sodium acetate buffer pH 5.4,
0.5% ascorbic acid, 1 mM PMSF) was added. After homogenization, the slurry
was centrifuged at 10,000 rpm for 20 min at 4°C. The clear supernatant (extracted
sample) obtained was used for the enzyme assay, which consisted of 200 pl of
0.05 M sodium acetate buffer (pH 5.4), 200 ul of 20 mMp-NPP and 100 ul of
extracted sample. The reaction mixture was incubated at 25°C for 30 min and
reaction terminated by adding 2.5 ml of 0.IM NaOH and absorbance was
measured spectrophotometerically at 410 nm. The concentration of the extracted
enzyme was calculated by extrapolation on a standard curve. The standard used
in this study was para-nitrophenol (10 mg/ml) and protein concentration was
determined by the Folin method (Lowry et al. 1951). Bovine serum albumin
(BSA) was used as the standard protein and specific activity was calculated as
enzyme units/mg (U/mg) protein.

The effect of pH on enzyme activity was determined by performing the
hydrolysis of p-NPP in a series of buffers at various pH values ranging from 4.5
to 8.8 using 0.05 M acetate buffer pH 4.5 to 5.4 and Tris-Cl buffer pH 6.0 to 8.8.

Isoforms of ACP extracted from various morphogenetic cultures, were
characterized by PAGE (Native) (Davis 1964) with slight modifications.
Coommassie brilliant blue (CBB2») was used to localize protein bands with
standard molecular weights (Pierce) comprising 215, 120, 84, 60, 39.2, 28 and18.3
kDa. To visualize ACPs, the gel was incubated for 30 min in 0.05 M acetate buffer
pH 5.4 containing 20 mM p-NPP and 20 mM MgCl,. The intense yellow bands of
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para-nitrophenol were photographed immediately after stopping the reaction
with 1 M NaOH.

Results and Discussion

For resourcing the phosphohydrolytic enzyme, various in vitro regenerated
culture lines of Atropa acuminata were analyzed to identify hyper-productive
clones and compare them with field grown plant of the same age. The results
demonstrated highest specific activity of the enzyme in the 8 week-old-callus
(3.41 U/mg protein), roots (2.91 U/mg protein) and proliferative shoots (2.49
U/mg protein) as compared to in vivo grown plants (0.71 U/mg protein) (Fig. 1A).
The higher enzyme activity of the cultured cells may be due to the limiting
phosphate concentration in the medium, which triggered the over expression of
the ACP as reported earlier (Dolapchiev et al. 1996). Further, the dynamics of
phosphohydrolytic enzyme activity with respect to the growth of proliferative
shoots, roots and calli indicated a maximum specific activity in the callus (3.41
U/mg protein) and a subsequent decrease in activity with increase in age of the
cultures (Table 1, Fig. 1B). Values showed a decline in specific activity by almost
half as the callus cultures entered 16 weeks (1.70 U/mg protein) to 24 weeks (1.44
U/mg protein). The higher enzyme activity in early stages of undifferentiated
callus growth suggests that the enzyme is involved in the process of
dedifferentiation during callus initiation. Reports have also established
phosphohydrolase as destructive enzymes involved in the process of
disintegration of the inner layer of cell walls and their remodeling during growth
(Ilieve et al. 2000). The activity of ACP, in root tissue increased progressively
during the entire growth period from 2 (2.36 U/mg protein) to 24 weeks (4.6
U/mg protein), whereas in case of shoot cultures, the specific activity of ACP
reached a maximum (2.49 U/mg protein) until 8 weeks, after which it declined
(1.92, 1.95 U/mg protein) at later stages of growth (16, 24 weeks, respectively).
Increased ACP activity induced by Pi starvation has been demonstrated in a
number of plants, including Arabidopsis thaliana, Lycopersicum esculentum and
Solanum tuberosum (Del et al. 1999, Bozzo et al. 2002, Zimmermann et al. 2004).
Consistent with these findings, we found that ACP activity ascended while
transition from Pi sufficiency to deficiency, thereby revealing that these enzymes
might be involved in phosphate acquisition and mobilization processes (Fig. 1C).

The pH optimum of the phosphohydrolytic enzyme estimated at different
pH, ranging from 4.5 to 8.8, at constant temperature of 25°C was found to be 5.4
(11.3 U/g FW) (Fig. 1D). The enzyme activity tends to decline (5.3 U/g FW at pH
8.0) with the increase in pH. Interestingly, a sharp increase (8.6 U/g FW),
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however, was observed again at pH 8.8. A similar activity profile was reported
earlier (Dolapchiev et al. 1996, Ilieva et al. 2000).

Specific activity
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1. Acid phosphatase (ACP) enzyme activity and Protein in Atropa acuminata. A. Specific activity
of enzyme in in vivo plant and in vitro shoot, root and callus after 4 weeks. B. Enzyme activity in
various culture lines at different growth stages. C. Effect of Pi starvation on acid phosphatase
activity. D. ACP activity in Atropa acuminataat different pH regimes.
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Fig. 2A. PAGE of protein extracted from in vitro tissue cultured Atropa acuminata Lane 1: shoot, lane 2:

root and lane 3: callus (B) Acid phosphatase isoforms in in vitro tissue cultured shoots of Atropa
acuminata, lane 1: Standard molecular weight marker (Pierce Blue Pre-stained Protein molecular
weight marker mix), lane 2: Shoot extract.
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The temporal variation in ACP activity in different morphogenetic lines
indicated that the maximum activity varied in different organ cultures of Atropa
acuminata. The present study revealed that to get the most optimal enzymes,
cultures such as roots should be maintained for 24 weeks. However, maintenance
of root cultures with the aim of producing higher enzyme activity has practical
difficulties and is economically unviable. On the contrary, eight-week-old calli
showed a comparatively good specific activity (3.41 U/mg). Moreover, in terms

Table 1. Acid phosphatase (ACP) kinetics with respect to time course in different
culture lines of Atropa acuminata.

Sample Parameters Time duration (weeks)

type analyzed 2 4 8 16 24

Shoot Enzyme activity (U/g 1548 +1.1 18.65+1.2 22.18+20 19.17+2.6 23.35+1.6
fresh weight)
Protein (mg/g fresh 6.8+045 7510 89+09 10.0+0.83 12.0+1.95
weight)
Specific activity 1.92+0.33 2.08+026 249+027 192+024 1.95+0.26
(U/mg protein)

Callus Enzyme activity (U/g 233112 21.3+2.0 2045+21 988+11 7.75+0.63
fresh weight)
Protein (mg/g fresh 69+030 65+052 60+060 5819 54+1.1
weight)
Specific activity 261+023 328+023 341+025 17+033 1.44x02
(U/mg protein)

Root Enzyme activity (U/g ~ 4.68+0.83 52+028 64+030 839+09 134x13
fresh weight)
Protein (mg/g fresh 1.8+026 20+038 22+045 26+033 29031
weight)
Specific activity 236+09 260+024 291+023 321+026 4.6+024
(U/mg protein)

Values are the mean of three replicates + standard deviation. One enzyme unit is the
amount of enzyme which liberates one pmol of p-nitro phenol per minute (p < 0.05, 0.01).

of biomass, five-folds increase in calli can be produced in 24 weeks which would
provide a higher enzyme activity in comparison to root tissues. As such, the
present results indicate that callus cultures established from a selected line could
be an obvious choice for the production of ACPs, whose activity peaks in the
initial growth phase. The advantage of cell suspension cultures as an alternate
method for large scale production of useful bioactive metabolites and enzymes
have been well reported in fermenters utilizing Nicotiana tabacum (Buitelar and
Tramper 1992, Ilieva et al. 2000). The present data of ACP activity is comparable
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to the 2.9 pkat/ml phosphomonoesterase activity reported for Nicotiana tabacum
culture medium as reported earlier (Dolapchiev et al. 1996).

PAGE, both SDS and native, of protein extracted from all the in witro
regenerated morphogenetic lines showed a similar pattern of isoforms of ACP
(Fig. 2A). Native-PAGE gel suggested four isoforms of ACP, when developed
with the substrate (p-NPP). The molecular weight of the four isoforms I-IV
ranged from 39 to 21 5kDa (Fig. 2B). The marked difference in the apparent
molecular weights among ACP bands strongly suggested one of them may be of
a higher molecular weight or contain an oligomeric form of other protein in the
lower molecular weight bands as reported for stem homogenates of Flax
Genotrophs (Fieldes and Tyson 1983) root/shoot of wheat and barley calli
(Chawla 1989, 1991). The study is in progress to investigate release of vacuolar
ACPs extracellularly in the medium which would provide a further link between
biochemical and molecular characterization of ACP isoenzymes produced by
Atropa accuminata cell cultures. This would further extend an opportunity to
develop rational strategies for engineering Pi efficient plants and could also be
considered for the production and regulation of ACPs and their role in higher
plants.
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