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INTRODUCTION
One of the systems of great importance for cellular

regulation, which involves second messengers, is the one
that uses the hydrolisis of phosphoinositides through the
action of the Phospholipase C (PLC) (Arz and Grambow,
1994; Berridge and Irving, 1984; Melin et al., 1992;
Trewaras and Gilrog, 1991). In animal cells, the
isoenzymes of  PLC are activated by proteins G, receptors
with tyrosine kinase activity (Coquil, Mauger and Claret,
1996; De los Santos-Briones, 1997, personal
communication; Teresa Hernández-Sotomayor, 1995), or
by any other mechanism which is still unknown, promoting
the hydrolisis of phosphatidylinositol 4,5 bisphosphate
[PI(4,5)P2] and turning it into a cytosolic molecule solu-
ble in water [inositol 1,4,5 trisphosphate or I(1,4,5)P3] and
a component which is bound to the membrane
(Diacylglycerol or DAG) (Teresa Hernández-Sotomayor,
1995; Rhee and Choi, 1992; Shi, González and
Battacharyya, 1995; Walton et al., 1993). Both compounds
per se work as second messengers affecting a great number
of cellular reactions. In animal cells, several PLC isoforms
have been isolated; cDNAs of a great variety of tissues and
species have also been cloned, and approximately 16
different isoenzymes have been identified (Lucelia Sánchez,
1996; Yoko-o et al., 1993).

In vegetable cells, two kinds of PLC for phosphoino-
sitides have been identified: soluble enzymes and

membrane-bound enzymes (De los Santos Briones, 1997,
personal communication; Lucelia Sánchez, 1996).

Recently, the cloning of two genes in Arabidopsis
thaliana has been reported: 1) a coding gene for a specific
PLC for phosphatidylinositol(PI) and which is induced
under saline stress conditions and dehydration, and 2) a
gene having a great sequence similarity to animal PLC-δ
genes (Stickens, Tao and Verbelen, 1996; Toyoda et al.,
1993). It was also reported a coding soy plant gene for a
protein that contains the catalytic domains of the δ-type
PLCs and that is found in plasmatic membrane as well as
in cytosol (Shi, González and Battacharyya, 1995).

In spite of the achievements attained on vegetable
cells, the PLC has not been yet totally purified and there
is not direct evidence suggesting a function for the PLC in
vegetable systems (Gorf and Crain, 1994; Nishizuka,
1986). The PLC total purification in vegetable systems
will help study the regulation mechanisms (Tang et al.,
1996) as well as understand its role in the signal
transduction mechanisms in vegetable cells.

MATERIALS AND METHODS
Tissue culture. The Catharanthus rosseus hairy root
cultures (line J1) obtained with Agrobacterium rhizogenes
were used. This line was cultured in a B5 medium (at half
the ionic strength) supplemented by 30 g.L-1 of sucrose.
The roots were subcultured for 14 days in erlenmeyer flasks
of 250 mL with 100 mL of the medium using  0.5 g of
tissue as initial inoculum.
Cellular extract. The four day-cultured roots were frozen
in liquid nitrogen, powdered and homogenized in a buffer
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A (1 g of tissue in 2.5 mL), 50 mM NaCl, 1 mM EGTA
[etilenglicolbis (β-aminoetileter) N-N’ tetracetic acid], 50 mM
Tris-HCl pH 7.4, 250 mM sucrose, 10 % glycerol, 1mM PMSF
(Phenilmetasulfonil fluoride),1 mM β-mercapto-ethanol, 10 mM
sodium pyrophosphate and 0.2 mM orthovanadate. The extracts
were centrifuged at 12 000 x g, the supernatant was later centrifuged
at 100 000 xg for 45 minutes. This supernatant (2-4 mg.mL-1 of
protein) was considered as the cytosolic fraction. The pellet was
resuspended in the same buffer A (0.2-0.8 mg.mL-1 of protein). This
fraction was used as the raw membrane fraction. Protein
concentrations were figured out through the bicynconinic acid method
(BCA) using  bovine serum albumine (BSA) as a standard.
PLC activity. The PIP2 hydrolisis was determined in a
mixture of reaction (50 µL) that contains 35 mM Na H2 

PO4
(pH 6.8), 70 mM KCl, 0.8 mM EGTA, 0.8 mM CaCl2 (final
concentration of Ca2+ 25 µM), 200 µM PIP2 (≈20 000 cpm)
and  0.08 % sodium deoxicolate. The reaction was stopped
with 100 µL BSA 1 % and 250 µL TCA 10 %. The precipitate
was removed by centrifugation (12 000 xg for 10 minutes)
and the supernatant was collected for the quantification
of [3H]-IP3 formed in Aquasol.
Purification of the cytosolic PLC. All procedures, except
when the contrary is indicated, were done at 4ºC.
Step 1: Ionic exchange chromatography. Out of 50 g of
fresh weight of roots, a cytosolic extract was prepared.
The extract was applied to a column (1.6 x 17.5 cm) of
Q-Sepharose  FF (Pharmacia) balanced with four volumes
of buffer B (20 mM Tris pH 7.4, 1 mM EDTA, 1 mM DTT, 0.6
mM PMSF, 2 µg.mL-1 Leupeptine) at a flow speed of 1 mL.min-1.
The elution was done with 120 mL of buffer B with a lineal
gradient of  NaCl from 0-1000 mM. The fractions with  PLC
activity were collected.
Step 2: Hydrophobic interaction chromatography. The
fractions corresponding to the major activity peak were
applied to a column (1.6 x 20 cm) of Octyl-Sepharose
CL-4B (Pharmacia) balanced with 150 mL of buffer B which
contained 1000 mM NaCl. The sample was applied at
20°C to favor its binding to the resin. It was eluted with 250 mL
of buffer B with a lineal gradient from 1000-0 mM NaCl. The
fractions with PLC activity were collected.
Step 3: Affinity chromatography. The collected fractions
were concentrated through ultrafiltration with membranes
Diaflo YM 30 (Amicon) and were applied to a column (1.6 x
17.5 cm) of Heparin-Sepharose  (Pharmacia) balanced with
three volumes of buffer B. The elution was done with a li-
neal gradient from 0-1000 mM NaCl with a volume of elution
of 110 mL. The fractions with PLC activity were collected.
Electrophoresis: SDS-PAGE was done through the Laemmli
Method (Laemmli, 1970).

RESULTS AND DISCUSSION
In Figure 1, two peaks of activity for PLC are observed, which

coincide with the results obtained by De los Santos-Briones (1977,
personal communication), suggesting that there are two isoforms of
the cytosolic enzymes. However, in this opportunity the major peak
eluted first because a different buffer was used. We continued
to work with peak 1 for it is the major peak of activity.

Figure 1. Ion exchange chromatography Matrix:Q-
sepharose  FF (Pharmacia) Column: 1.6 x 17.5
cm.Tiny black squares correspond to
absorbance curve at 280 nm whereas white
ones to the enzymatic activity determined by
IP3 formation (pmol.min-1). Work flow
1 mL.min-1

Figures 2 and 3 correspond to the hydrophobic
interaction and affinity chromatographies respectively.

Figure 2. Hydrophobic interaction chromatography.
The curve corresponding to the enzymatic
activity expressed by IP3 formation
(pmol.min-1) Matrix: Octyl Sepharose  CL-4B
(Pharmacia): Flow: 1 mL.min-1

Figure 3. Affinity chromatography. Rhombs correspond
to absorbance curve at 280 nm whereas tiny
squares to the enzymatic activity expressed
as IP3 formation (pmol.min-1). Matrix: Heparin-
Sepharose     (Pharmacia). Flow: 1 mL.min-1)
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Table 1. Purification pattern

Purification    Total    Total Specific Purification Yield
     step   protein   Activity Activity       times

     (mg) (pmol/min)  (pmol/min/mg)   (%)

Raw extract 235.5 1 609 000    6 829.5    1 100
Cytosolic fraction 172.1 126 287.5    7 333.5    1.07 78.49
Q-sepharose 24.13 1 074 375  44 524.5    6.05 68.77
Octyl-sepharose   7.6    471 821  62 081.5    9.09 29.31
Heparin-sepharose   0.023      18 750 815217.5 119.36   1.18

In the chromatography interaction the enzyme activity
figure is only observed due to the dilution, because the
absorbance record was not observed due to dilution;
nevertheless, the activity values made possible the
recovery of three peaks coinciding with Yotsushima et al.
(1992, 1993). We continued working with the second one
because it has the major activity.

In the affinity figure, the enzymatic activity patterns
do not coincide with the proteinaceous peaks observed;
these results are in agreement with Melin et al. (1992)
and Tang et al. (1996).

The final factor of (partial) purification was 119 and
even though the yield is 1.16 %, the enzyme specific
activity is 815 217 p mol.minute-1.mg-1 of protein, which is
considered very good according to the stage of purification.

In the electrophoretic pattern, three bands of 99.2,
77.82 and 56.5 kd were observed, which makes evident
that the purification process is in the final stages.

A great number of cytosolic PLCs  in animals has
been identified, isolated and characterized and among
them different enzymes are distinguished by their
molecular size; however, in our research we cannot get to
final conclusions because the process has not been taken
up to homogeneous purification. That is why further
experiments are required for the classification of the
enzyme under study, but we can say that PLC in this
system has, at least, two isoforms.

Figure 4. A photo corresponding to SDS-PAGE.
Rail 1-PM patterns, 3 and 8-Laemmli 1x, 2-total
extract, 4-cytosolic extract, 5- Ionic exchange
chromatography peak 1, 6-Hydrophobic
interaction chromatography, 7-Affinity
chromatography
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