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Phytoplasma of root (wilt) disease of coconut (Cocos nucifera L.) has been purified from tender leaf tissues of diseased palms by
Percoll-discontinuous density gradient centrifugation (PDDGC). Purified phytoplasma fractions were checked by biochemical
methods such as ultraviolet-absorption spectrum (190-310 nm) and sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE). PDDGC produced a single turbid zone of phytoplasma at the top of 30% step gradient from discased leaf samples,
which was not seen in samples from healthy lcaf. Phytoplasma from this fraction had an absorption maximum near 200 nm. On
further fractionation, the protein and nucleic acid components of phytoplasma showed absorption peaks at 280 and 260 nm respec-
tively. The protein of phytoplasma from diseased leaf samples produced three major peptides of 29, 28 and 18.5 kDa in SDS-PAGE.
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Introduction

Root (wilt) disease (RWD) of coconut, an economi-
~cally important disease- of this plantation crop, is
caused by phytoplasma. Consistent presence of phy-
toplasma in tissues of roots, tender rachilla, petioles
and developing leaf bases of diseased coconut and its
absence in_healthy palms has been established by
clectron microscopy (Solomon et al., 1983a). The
evidences for phytoplasma as the causal agent of
RWD are also based on therapeutic effect of oxytet-
racycline-HCI antibiotic. in inducing remission of
symptoms in significant number of palm trials, but
not by penicillin (Pillai et al., 1991), transmission of
the disease from diseased palms to healthy coconut
seedlings through insect vector Stephanitis typica
(Distant) (Mathen et al., 1987) and from coconut to
periwinkle (Catharanthus roseus L.), the phyto-

plasma indicator host through dodder laurcl (Cas-

sytha filiformis L.) (Sasikala et al., 1988).

Phytoplasmas are non-culturable, cell wall-less, pro-
karyotic pathogens which have been reported to
cause more than 600 plant diseases (McCoy et al.,
1989). Like many other phytoplasmas, the root (wilt)
phytoplasma (RWP) has remaincd non-culturable
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in vitro. Since attempts to isolate and cultivatc RWP
were unsuccessful, extraction of this pathogen from

_tissues of coconut palm and its purification for bio-
‘chemical characterisation'—and—tg—produce - RWP-

specific antiserum for its detection are necessary. Re-
cently, molecular techniques have been developed to
amplify the 16S rDNA of phytoplasma using universal
and specific oligoprimers (Ahrens and Seemuller,
1992; Gomez et al., 1996; Griffiths et al., 2000).

Jiang and Chen (1987) have developed a method to
purify aster yellows’ phytoplasma to rclatively
higher concentration by Percoll-step gradicnt.
Monoclonal antibodies have also been employed for
purification using immunoaffinity technique (Jiang
et al., 1988; Seddas et al., 1995).

This paper reports the purification of RWP by
PDDGC from leaf tissues of diseased coconut palms
and assessing the purified phytoplasia cells by bio-
chemical methods as a first step towards production
of phytoplasma-specific antiserum.

Materials and methods
Source of plant materials

For diseased plant materials, coconut palms in the
middle stage of RWD were selected and whitish non-
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chlorophyllous spear leaf were collected and used for
purification of phytoplasma. A total of 18 diseased
_ palms were sampled during 1998-1999 for the study.
Similar type of leaf tissues was also collected from
healthy palms from Tirunelveli district of Tamil

Nadu, which is a RWD-free tract. The sample leaf .

tissues were subjected to serological testing with
RWD-specific antiserum before used for purification
(Solomon et al., 1983b).

“uy
Processing of materials

The mcthod adopted was cssentially of Jiang and
Chen (1987) who devised and employed it for purifi-
cation of phytoplasma of aster yellows’ disease from
lettuce plant. The protocol was modified to suit to
the fibrous and phenol-rich coconut leaf tissues.
Soon after collecting, the leaf samples were thor-
oughly ‘washed in distilled water and the moisture
was completely removed. A 100 g of tissue was
chopped into small pieces, chilled at 4°C for 30 min
and ground in 300 ml chilled isolation medium con-
taining 0.3 M D-mannitol, 4 mM L-cysteine, 30 mM
(N-morpholino)-propane sulfonic acid (MOPS)
buffer, 1°mM ethylenediamine tetradcetic - acid
(EDTA) and 1% polyvinylpyrrolidone (PVP), pH 7.2
for 30s with intervals for a total of 2 min. The
ground material was filtered through three layers of
muslin cloth and the remaining fibrous material was
ground in 200 ml of isolation medium twice for 30 s.
The sap was squeczed through muslin cloth and the
pooled total sap was centrifuged at 1,500 g for
8 min. The supernatant was centrifuged at 35,000 g
for 30 min in Beckman-L5-50B ultracentrifuge using
fixed angle rotor typc 50.2Ti. The pellets were dis-
solved in 60 ml chilled suspending medium containing
0.3 M D-mannitol and 20 mM MOPS buffer, pH 7.0.
The suspension was again subjected to low- and high-
spced diffcrential centrifugation. The final pellets were
suspended in about [0 ml of suspending medium and
clarified at 1,500 g for 8 min.- Similarly, leaf samples
collected from healthy palms were also trcated by the
same protocol as soon as it was brought to laboratory.

Preparation of discontinuous density gradients
" and centrifugation

The dcnsity medium (nine parts of Percoll, from
Pharmacia Biotecch, Sweden and onc part (v/v) of

2.5 M sucrose) and diluting medium (0.25 M sucrose
and 10 mM MOPS buffer, pH 7.0) were used for
forming a four step-density gradients of 5% (9 ml),
30% (9 ml), 50% (5 ml) and 60% (5 ml). The step
gradients prepared in 25 x 89 mm ultra-clear 38.5 ml
quick seal G. max centrifuge tubes (Beckman In-
strument Inc., Palo Alto, CA) were over-layered with
about 0.5 to 0.8 ml of partially purified phytoplasma
preparation. The centrifugation was carried out at
20,000 g for 20 min once and again for 10 min. Alter
centrifugation, the zone showing turbidity in dis-
cased leaf sample loaded tube was collected and di-
luted with suspending mecdium. Fraction from the
corresponding zone from hcalthy malcrial loaded
tube was also collected and diluted with suspending
medium.

The fractions were centrifuged at 1,00,000 g for
120 min to remove Percoll and the pellets enriched
with phytoplasma were collected in about onc ml of
phosphate buffercd salinc (PBS) pH 7.0. This was
dialysed overnight against PBS and finally clarificd
by centrifuging at 1,500 g.

UV absorption spectrum - LI

Onc ml of purified phytoplasma in PBS was diluted
to two ml. The UV-absorption spectrum of the
diluted sample was recorded in a spectrophotometer
(ATI UNICAM with UV/visible vision soltwarc
V3.00) between 190 and 310 nin.

Fractionating into protein and nucleic acid

The fractionation was carricd out using the mcthods
described by Ralph and Bergquist (1967) for viruscs
with modifications. About 8 ml of undiluted prepara-
tion was mixed with an cqual volume of water-
saturated phenol (100 g phenol with 40 ml distilled
water and 0.14 g 8-hydroxyquinoline) and mixed for
15 min in a semi-clcar tube. The mixturc was centri-
fuged at 12,000 g for 10 min to clear the emulsion
into lower phenolic phase and upper aqucous phasc.
The upper phase was removed and re-extracted twicce
with thrce ml of phenol. The final aqucous phasc
was mixed with two thirds volume of ice-cold iso-
propanol and stored at 4°C overnight to precipitate
the nucleic acid. The nucleic acid was pelleted by
centrifuging at 15,000 g for 20 min. The phenol resi-
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dues ' were. removed by washing with ice-cold
70% ethanol containing sodium acetate. The pellets
were air dried and dissolved in sterile double dis-
tilled water. To the total phenolic phase, 20 ml of
methanol and several small crystals of sodium
acetate were added and the resulting protein precipi-
tate was collected by centrifuging at 12,000 g
for 10 min. The pellets were washed thrice with
methanol and dissolved in sterile distilled water
by heating to 60°C. The UV-absgrption spectra
of the protein and nucleic acid saniples were re-
corded. '

SDS-PAGE of protein

Protein fractionated from purified phytoplasma was
concentrated and processed for SDS-PAGE accord-
.ing to Laemmli (1970). The protein was estimated by
Lowry’s method (Lowry et al., 1951) and adjusted to
the concentration of 0.2 mg per millilitre in water
and mixed with solublisation sample buffer (0.5 M
Tris-HCI, pH 6.8, 10% SDS, 50% glycerol, 2%
B-mercaptoethanol and 1% bromophenol blue) 1:4
v/v and heated at 98°C for 4 min. Protein samples
containing 0.5 pg of protein were resolved on a dis-
continuous gradient gel with 4% acrylamide in the
stacking gel and 12% in the resolving gel, in a
Bio-Rad protein dual slab cell (Richmond, CA).
Samples were run at 40 mA till the tracking dye
reached the separating gel, after which the gel was
run at 60 mA for 120 min. The electrophoresed gels
were stained in 0.1% CBB R-250 overnight and de-
stained.

Results
Purification by PDDGC

Centrifugation at 20,000 g for 20 min produced a
single turbid zone at the top of 30% step gradient in
the tube containing discased coconut samples. This
turbid zone was totally absent in the healthy sample
tube. The turbid zone was not observed other than
30% step gradient and also in healthy sample (Figure
1). After centrifugation of Percoll-gradient for
20 min, the turbid zone was more than 10 mm wide.
However, the second consecutive centrifugation was
resorted to for getting narrow and concentrated zone
of about 5-10 mm. The turbid band produced by the

Figure 1. Discontinuous density gradients (15, 30, 50 and 60%)
after two consecutive centrifugation at 20,000 g for 30 min, D,
Diseased preparation showing turbid zone at the top of 30% step
gradient; H, Healthy preparation.

infected plant material was opalescent, thick and
brown in colour. When more than one ml of partially
purified phytoplasma was overlayered, part of the
preparation remained on top of gradients or a
wide zone of band was produced spreading through
the entire 15% step gradient. Hence, only 0.5 to
0.8 ml of partially purified phyloplasma preparation
was used for overlayering the Percoll-gradient.
When 0.5 ml of partially purified phytoplasma
preparation obtained from 25g infected (issue
was loaded on the Percoll-gradient, it produced a
thin and less concentrated turbid band in the 30%
step gradient. Therefore we used 100 g tissue for
purification to obtain more concentrated band of

phytoplasma. '

The same results were obtained when 2,000 g of leaf
samples (100 g each time) from 18 diseased palms
and samples from 10 hecalthy palms were processed
for purification.

UV-spectrum

The differences in absorption spectrum of phyld—
plasma purified from infected material and corre-
sponding preparation from healthy plant material are
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shown in Figure 2a. Absorption spectrum of purified
phytoplasma showed absorption maximum near
200 nm and the peak was sharper. Fractions from
" other zone in diseased sample tube and a fraction
from the corresponding zone (30%) of the gradient
of healthy sample tube showed no peak near 200 nm
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Figure 2. a, Absorbance (190-310 nm) of fractions from dis-
cased and healthy preparations. D, purified phytoplasma
fraction from diseased preparation and H, corresponding
fraction from healthy preparation. b, Absorbance of protein of
purified phytoplasma fraction from diseased sample (D) and
corresponding fraction from healthy sample (H). ¢, Absorbance
of nucleic acid of purified phytoplasma fraction from
diseased sample (D) and corresponding fraction from healthy
sample (H).

or at any other wavelength of the spectrum. When
the purified preparations obtained from 25 g tissue
were analysed, the difference in peak of absorption
at 200 nm between healthy and diseascd preparations
was greatly reduced. .

When purified phytoplasma was fractionated into
their major cellular components of protein and nu-
cleic acid and subjected to UV-absorption profile
from 190 to 310nm, the solution containing
protein produced two peaks at 200 and 280 nm
(Figure 2b) and solution of nucleic acid at 260 nm
(Figure 2c). No peaks were produced in frac-
tions from healthy sample. The absorption peak at
200 nm for protein was not sharper (Figure 2b) as
observed in purified phytoplasma preparation (Fig-
ure 2a).

SDS-PAGE of protein

The SDS-PAGE of protein fractionated from RWP
purified from diseased palm by PDDGC is shown in
Figure 3 along with fraction from healthy palm sam-
ple. Peptide profiles of purified phytoplasma from
diseased palm (lane 1) showed three bands of 29, 28
and 18.5kDa. No band was obscrved in healthy
sample fraction (lane 3). Among the three peptides
observed from diseased plant material, the peptide
band of 18.5 kDa was more prominent than other
two peptides, 29 and 28 kDa (Figure 3, lanc 1). The
protein profile results obtained in SDS-PAGE were
consistent and reproducible.

Discussion

Phytoplasma inhabits in sieve tubes of phloem tis-
sues and their amount is more in tissues that contain
greatest concentration of functional sicve tubes. In
coconut palms, heart tissues followed by just emerg-
ing and growing leaf bases were found to possess
more amounts of sieve elements and in turn more
phytoplasma. In our studies, whitish spear leaf
emerging from heart tissues were used. The idea
was to collect best materials from palm without de-
stroying it. The mature tissues of coconut contained
only a fewer degenerated phytoplasma without inter-
nal ribosomes and DNA fibrils (Solomon et al.,
1987).



Figure 3. Sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis profiles of proteins (samples containing 0.5 pg of
proteins); lane 1: Purified phytoplasma from diseased sample -
the arrows point to three protein bands (29, 28 and 8.5 kDa);
lane 2: Molecular masses of standard proteins and lane 3: prepa-
-ration from healthy sample.

The RWD could be detected by Ouchterlony test
(Solomon et al., 1983b) using root (wilt) antiserum.
Using this test, the severity of the disease can also be
determined based on the intensity of the reaction
with precipitin line being pronounced more in the
early stage of disease.

Jiang and Chen (1987) and Gomez et al. (1996) have
used this method to purify aster yellows and china-
tree decline phytoplasmas respectively. The proper-
ties and functions of various components of isolation
and suspending media and of Percoll and Percoll
gradients method have been well documented by
Jiang and Chen (1987). In the present study, the du-
ration of grinding and proportionate quantity of iso-
lation medium to leaf tissue was increased to ensure
complete disruption of fibrous coconut leaf material.
The PVP content in isolation medium was also in-
creased to 1% to help removal of phenolics from
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tissue. The duration of the entire purification sched-
ule was kept minimum to prevent considerable
degeneration of phytoplasma as they (aster yellows
phytoplasmas) have maximum survival period of
72 h in vitro (Smith et al., 1981).

After scrutinising the various combinations of step
gradients used by Jiang and Chen (1987), the four
step gradient of 15, 30, 50 and 60% was employed
in this study so that the density of the RWP
fall within densities of these gradients. When the
step gradients were centrifuged at 20,000 g for
20 min, the turbidity zone was wider and the best
result was obtained when centrifuged for another
10 min. In the present study, the turbid band
produced by infected leaf tissue was wide and
thick (Figure 1). This could be due to the amount of
tissue (100 g) used for purification and also presence
of high level of phenolics in coconut leaf material.
Seddas et al. (1995) and Gomez et al. (1996)
previously used only 12 g and 30 g tissues respec-
tively to purify flavescence doree ‘and china-trec
decline phytoplasmas and they obtained a thin turbid
band.

Formation  of single turbid zone only in diseased
sample tube but not in healthy material proves that
the zone is an indication of accumulation of phyto-
plasma. Observation of a single absorbance peak
(near 200 nm) from the fraction of turbid zone of
diseased sample and its marked difference of absorb-
ance with that of healthy sample, and observation of
characteristic peaks at 280 and 260 nm for protein
and nucleic acid from diseased samples showed that
the turbid zone had cell-like bodies with protein and
nucleic acids, the predominant components of cells.
Aster yellows’ phytoplasma were shown to contain a
trilaminar unit membrane, cytoplasmic ribosome
granules and a nuclear area with DNA fibrils (Jiang
and Chen, 1987). '

Detection of protein bands (29, 28 and 18.5 kDa)
only from diseased sample proves that the cell-like
bodies were indeed RWP. Jiang et al. (1988)
have also reported a major protein of 18.5kDa
and two minor proteins from aster yellows phyto-
plasma whereas Seddas et al. (1995) have reported
two major proteins of 55 and 19 kDa and a few
minor proteins from flavescence doree phyto-
plasma.
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Phytoplasmas are now detected by PCR amplifica-
tion of 16S rDNA using universal and phytoplasma-
specific primers as of late done in sandal spike
and mulberry dwarf phytoplasmas (Thomas and
‘Balasundaran, 1999; Kawakita et al., 2000). How-
ever, purification of phytoplasma and production of
antiserum/antibodies specific to RWP for its detec-
‘tion in large number of samples will be a valuable
tool.
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