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A b s t r a c t  

Procedures are described for the efficient isolation of protoplasts from a variety of oil palm (Elaeis guineensis 
Jacq.) tissues. Various factors including donor source, composition of enzyme mixture and culture medium affected 
the yield and viability of the protoplasts Polyembryogenic cultures of oil palm were the most suitable starting 
material in terms of yield, viability and metabolic competence. Pectolyase Y-23 in association with cellulase and 
hemicellulase was required for the efficient release of protoplasts from the oil palm tissues. Limited cell division to 
form microcallus was observed at very low frequency (<0.01%) when glutathione and catalase were incorporated 
in the culture medium. 

Abbreviations: 2,4-D- dichlorophenoxyacetic acid; DTT- dithiothreitol; MES - 2[N-morpholino] ethanesulphonic 
acid; NAA - 1-naphthalene acetic acid; PVP - polyvinylpyrrolidone 

I n t r o d u c t i o n  

The oil palm is an important source of edible oil 
accounting for about 16.5% of total world produc- 
tion of oils and fats (Mielke, 1995). Genetic engi- 
neering by transformation offers potential for improve- 
ment of the crop. Since the oil palm cannot be read- 
ily transformed by Agrobacterium, protoplasts offer 
an alternative transformation system. Several reports 
have described transgenic plants from maize (Rhodes 
et al., 1989) rice (Toriyama et al., 1988) and barley 
(Zhang et al., 1995) protoplasts. Despite the economic 
importance of the oil palm there has been very lit- 
tle information on oil palm protoplasts. The oil palm 
being a monocotyledon and a woody plant has been 
recalciterant to protoplast isolation and culture. Bass 
and Hughes (1984) reported the isolation and regener- 
ation of viable protoplasts of oil palm and there have 
been no further reports since. In this paper, we report 
the isolation of highly viable protoplasts from various 
oil palm tissues and the formation of microcalluses 
from protoplasts of polyembryogenic cultures. 

M a t e r i a l s  a n d  m e t h o d s  

Plant material 

Polyembryogenic cultures (derived from leaf explants) 
and clonal ramets of Elaeis guineensis var. tenera, 
clone P9 were kindly supplied by Dr. K. Paranjothy, 
PORIM Headquarters. E. guineensis seed (germinating 
and n0n-germinating) and inflorescence material were 
obtained from PORIM Research Station, Serdang. 

The polyembryogenic cultures were maintained on 
modified Murashige and Skoog (1962) basal medi- 
um (solid) and subcultured at three month intervals 
as described by Paranjothy et al. (1989). At the time of 
protoplast isolation, cultures were two months old. 

Protoplast isolation 

Protoplasts were isolated from 

- polyembryogenic cultures (solid medium), 

- vegetative apices of clonal ramets, 

- seed embryos, 
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- embryonic axes of germinating seeds, and 

- young inflorescences. 

Surface sterilization was carried out on all tissues 
except polyembryogenic cultures as follows: soaking 
in a solution containing 8% Clorox (v/v) and 0.1% 
(v/v) Tween 20 for 5 min followed by rinsing in three 
changes of sterile distilled water. The tissues were 
then treated with 70% ethanol for 1 min and rinsed 
three times with sterile distilled water. The tissues were 
sliced finely and plasmolysed (30 min) in medium A 
(Table 1). This medium was a modification of those 
of Gamborg et al. (1968) and Kao (1982). Medium A 
was removed and replaced with enzyme solution con- 
taining various combinations of 2% (v/v) Celluclast 
(Novo Industri A/S Novo All~ DK-2880 Bagsvaerd, 
Denmark), 1% (v/v) Pectinex 3 XL (Novo Ferment 
Ltd. Vogesenstrasses 132, CH-4013 Basel Switzer- 
land), 0.25% (w/v) Pectolyase Y-23 (Seishin Phar- 
maceutical, 4-13, Koami cho, Nihombashi, Tokyo, 
Japan), 1% (w/v) Macerozyme R- 10 (Yakult Pharma- 
ceutical Ltd., t-1-19, Higashi Shinbashi, Minato-ku, 
Tokyo) and 0.5% (w/v) hemicellulase (Amano Phar- 
maceuticals Ltd., Nagoya, Japan) and 0.01% (w/v) 
trypsin inhibitor (Sigma, USA). Trypsin inhibitor was 
included in all the enzyme mixtures to arrest possible 
protease action by contaminants present in the enzyme 
solutions. 

The enzyme mixture was adjusted to pH 5.7. 
Sucrose was added to obtain an osmolality of 800 
mOsm (kg H20) -1. Osmolality measurements were 
carried out with a Wescor osmometer. The enzyme 
solution was filter sterilized. Digestion was carried out 
for 5 h in the dark and the mixture filtered through 
a 120 #m followed by 69 #m pore size nylon mesh 
to remove cell clumps and vascular tissue. The fil- 
trate was centrifuged (100 0; 5 min). Under these 
conditions, protoplasts from polyembryogenic cultures 
formed a floating band which was removed and puri- 
fied by resuspension in medium A (800 mOsm) and 
centrifugation (100 0; 5 min). The floating protoplast 
layer was pipetted off. Protoplasts from the other tis- 
sues formed a pellet which was washed in medium A 
and then layered onto 25% (w/v) sucrose solution. The 
floating layer, which contained the protoplasts, was 
washed in medium A. Protoplasts isolated from the 
vegetative apices of clonal ramets were very dense and 
did not float even in 25% (w/v) sucrose so the pellet 
was washed in medium A and filtered through a 30 #m 
pore size nylon mesh. 

Determination of protoplast yield, viability and 
metabolic integrity 

Protoplast yield was estimated with a haemocytometer. 
Evans Blue, which is a stain that is excluded by 

viable cells was used to measure protoplast viability 
(Nagata and Takebe, 1970). Protoplasts were kept in 
medium A before viability determinations. 

The metabolic integrity of the oil palm protoplast 
preparations was gauged by their ability to respire 
14CO2 and synthesize [14C] lipids when incubated with 
[ 1-14C] acetate. The determinations were carried out on 
freshly isolated protoplasts. Two ml of protoplast sus- 
pension (104 - 105 cells in medium A) were incubated 
with 15 #Ci of [1-14C] acetic acid (263 nmol, Amer- 
sham International, England) for 5 h without shaking, 
in a conical flask fitted with a Kontes rubber stopper 
and a plastic centre well. The well contained fluted fil- 
ter paper moistened with 0.2 ml of 0.2M KOH to trap 
14CO2. The incubation was stopped with 0.2 ml 4M 
H2 S04. The moist filter paper was transferred directly 
into a scintillation vial for counting. The suspension 
was extracted with 3 x 15 ml chloroform/methanol 
(2:1; v/v). The extract was washed with 0.2 vol 0.8% 
(w/v) NaC1 solution. The chloroform layer was care- 
fully removed and an aliquot transferred to a scintil- 
lation vial and evaporated to dryness under a stream 
of nitrogen. Ten ml of scintillation fluid were added to 
each sample and counting carried out on a LKB Wallac 
Rackbeta 1217 liquid scintillation counter. 

The fatty acid composition of the radioactive 
lipids was analysed by radio gas chromatography as 
described by Sambanthamurthi et al. (1987). 

Protoplast culture 

Density was adjusted to 1 x 105 protoplasts/ml in medi- 
um A with 1.2 #M NAA (800 mOsm). Aliquots (2.5 
ml) were dispensed in 60 x 15 mm plastic culture 
plates. Aspirin (10-50 mg 1 - l )  silver nitrate (20 mg 1 
-1 2,4-D (0.5 mg 1-1) and zeatin (1.5 #M) were also 
added to the culture media either individually or in 
various combinations in some experiments. The cul- 
ture plates were sealed with Parafilm and incubated 
(dark) at 25 °C. During culture, the osmolality of the 
medium was progressively reduced by the addition of 
0.25 ml medium A containing 100 mM sucrose every 
5 days until day 25. For solid culture, 1.2% Sea Plaque 
agarose (FMC Bio Products, Rockland, U.S.A.) was 
added. To prevent the plates from drying up and nutri- 
ents from being depleted, 0.5 ml solution A containing 



Table 1. Composition of Medium A. 

Compound Concentration Compound Concentration 
a. Mineral salts mM b. Vitamins mM 

K2HPO4 7.5 Thiamine HC1 30.0 
(NH4)2SO4 7.5 Pyridoxine HC1 5.0 
NH4-acetate 10.0 O-Calcium pantothenate 1.0 
KH2PO4 7.3 p-Amino benzoic acid 0.1 
K2SO4 10.0 Biotin 0.2 

/LM Vitamin D3 0.1 
KI 4.5 Folic acid 0.5 
H3BO3 50.0  Choline-chloride 7.2 
MnSO4.H20 60 .0  Myoinositol 555.0 
ZnSOn.7H20 7.0 Nicotinic acid 5.0 
Na2Mo04.2H20 1.0 
CuSOa.5H20 0.1 

Compound Concentration Compound Concentration 
c. Sugars and organic acids /zM d. Others mM 

Sucrose 400.0 MES 5.0 
Ribose 2.0 DTT 1.0 
Ascorbate (Ascorbic acid) 1.0 PVP 0.1(%) 
Citrate (Citric acid) 2.0 
Malate (Maleic acid) 1.0 pH adjusted to 5.7 with KOH 
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100 mM sucrose was added to the solid medium every 
7 days from day 14 onwards. 

Cell wall regeneration was determined every day 
from day 1 onwards using 0.01% Calcofluor White ST 
according to the method of Nagata and Takebe (1970). 
Assessments were carried out in triplicate for every 
experiment. 

Results and discussion 

Composition of  protoplast isolation mixture 

A combination of cellulase (Celluclast), pectinase 
(Pectinex III/Pectolyase 3(-23) and hemicellulase 
(Hemicellulase Amano 10) was required for efficient 
maceration of the oil palm tissues (Table 2). The sub- 
stitution of Pectinex III with Pectolyase Y-23 increased 
maceration and was essential for polyembryogenic cul- 
tures. A combination of Celluclast, Pectolyase Y-23, 
Pectinex III and Hemicellulase Amano 10 gave the 
highest protoplast yield for all donor sources and this 
enzyme mixture was used for subsequent isolation pro- 
cedures. 

Viability and metabolic integrity 

The viability of protoplasts obtained from the vari- 
ous donor tissues is given in Table 3. Protoplasts from 
polyembryogenic cultures were highly viable (> 99%). 
The metabolic competence of the protoplasts is also 
indicated in Table 3. Protoplasts from polyembryo- 
genic cultures and vegetative apices were metabolical- 
ly the most active (in terms of lipid synthesis and CO2 
production.). Analysis of the radioactive lipids syn- 
thesised by protoplasts (both from polyembryogenic 
cultures and vegetative apices) indicated that the lipid 
metabolism had been altered. The protoplasts synthe- 
sised high levels of palmitoleic acid (up to 27%). This 
fatty acid is normally produced only in trace amounts 
by oil palm tissues (<0.1%). The altered metabolism 
was probably induced as a result of osmotic stress. 

Protoplast source 

Tissues that are themselves easily regenerable i.e. 
amenable to tissue culture are more likely to be 
amenable to protoplast culture and regeneration. The 
various tissues used for protoplast isolation in this 
study have previously been successfully used for tissue 



38 

Table 2. Protoplast yield with different enzymatic mixtures. 

Protoplast yield (g f.wt.)-1 

Enzyme Embryogenic Vegetative Seed Inflorescence Embryonic 
mixture culture apex embryo axis 

Celluclast < 102 < 103 < 102 < 103 < 103 

Macerozyme- < 102 < 103 < 102 < 102 < 103 

R10 

Celluclast, 
Macerozyme - 

R10 

Celluclast, 
Pectinex, 
Hemicellulase 

Celluclast, 
Pectolyase Y-23, 
Hemicellulase 

Celluclast, 
Pectolyase Y-23, 
Pectinex 3XL, 

Hemicellulase 

< 105 14-0.2x1~ < 103 24-0.5x1~ < 103 

< 102 24-0.3x1~ 64-0.3x105 14-O.ltimes105 14-0.2x1~ 

54-0.4x105 24-0.3x105 54-0.6x 1~ 54-0.8x105 74-1.2x1~ 

1.54-0.3x 106 1.04-0.1 x 106 0.5x 106 1.04-0.2x 106 54-0.3x 105 

Values represent the mean of 5 independent experiments. Each experiment was carded out in triplicate. 

Table 3. Viability and metabolic integrity of protoplasts isolated from various oil palm 
tissues. 

Protoplast Viability 

source 

Freshly 24h 48h 72h 
isolated 

Incorporation of [1-14C] 

into labelled products 
per 10 5 freshly isolated 

protoplasts (counts/rain 
× 10 -7) 

CO 2 Lipid 

Embryogenic >99 >99 9 5 4 - 3  954-2 8.24-1.1 4.54-0.8 

culture 
Vegetative >99 724-8 654-4 504-5 7.8+0.8 3.24-0.9 

apex 
Seed embryo 424-10 104-8  14-0.5 0 0.14-0.03 0.024-0.001 
Inflorescence 834-9 6 5 4 - 7  524-6 454-7 1.04-0.1 0.1+0.04 
Embryonic 704-12 624-6 454 -8  334-6 2.04-0.3 0.54-0.03 

axis 

Values represent the mean of 3-5 independent experimeuts. Each experiment was carded 
out in triplicate. 



culture of oil palm (Paranjothy, 1982; Brackpool et al., 
1986) and were thus identified as good donor sources 
for protoplast isolation and culture. Of the various tis- 
sues used, protoplasts from polyembryogenic cultures 
and vegetative apices appeared to be the most promis- 
ing material in terms of yield and metabolic compe- 
tence. However, protoplasts from vegetative apices 
were full of starch granules and often burst, releas- 
ing the starch granules. They were thus difficult to 
work with. Furthermore, the viability of these proto- 
plasts quickly declined during incubation. Protoplasts 
from polyembryogenic cultures were thus the material 
of choice. The protoplast preparations from polyem- 
bryogenic cultures were very clean. Contamination by 
cell debris and undigested cells could not be detected 
microscopically. Furthermore, Calcofluor White stain- 
ing confirmed the absence of undigested cell walls in 
the protoplast preparations. A drawback of the polyem- 
bryogenic cultures used in our study however, was that 
many of the cells were vacuolate. It is generally known 
that dense cytoplasmic cells undergo cell division bet- 
ter than vacuolate cells. 

Reproducible methods of plant regeneration have 
been reported for protoplasts from rice (Abdullah et 
al., 1986; Toriyama et al., 1988, maize (Rhodes et al., 
1989; Donn et al., 1990), barley (Wang and Lorz, 1994; 
Zhang et al., 1995) and wheat (Li et al., 1992; Ahmad 
and Sagi, 1993). These successes were accomplished 
using suspension cultures as the protoplast source. In 
our experiments however, oil palm suspension cultures 
were not available. The polyembryogenic cultures used 
were from solid medium. This may be the main rea- 
son for our limited success as embryogenic suspension 
cultures would be a better source of totipotent cells. 
Another reason for the limited success in culturing the 
protoplasts may be the fact that the metabolism of the 
protoplasts had been altered. The altered metabolism 
may have in some way altered mitotic competence. 

Co-culturing of recalcitrant protoplasts especially 
those from monocotyledons, with nurse cultures has 
been reported to induce cell division and increase plat- 
ing efficiencies (Jain et al., 1995; Ghosh Biswas et al., 
1994). Nurse cultures generally assist in maintaining 
a critical density of active cells, producing sufficient 
levels of "growth promoting factors" for sustained cell 
division. Such feeder cells have been used successfully 
to promote cell division and callus formation in pro- 
toplasts from monocotyledons such as banana (Megia 
et al., 1992), rice (Jain et al., 1995) and maize (Shilli- 
to et al., 1989). Bass and Hughes (1984) reported the 
regeneration of oil palm protoplasts using nurse culture 
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which comprised oil palm cell suspension as the feeder 
layer and oil palm protoplasts on a filter paper disc. In 
the absence of suspension cultures in our laboratory, 
attempts were made to use polyembryogenic cultures 
from solid medium as a feeder layer. However, the 
experiments were not successful. 

Culture medium 

In addition to medium A, attempts were made to iso- 
late and culture protoplasts in other basal media such 
as Murashige and Skoog (1962) medium, KM medium 
(Kao and Michayluk, 1975) and Woody Plant medi- 
um (WPM) reported by Russell and McCown (1986). 
However, medium A consistently performed better. 
Glutathione and catalase were important components 
of the culture medium. Various levels of glutathione 
and catalase were tested (Table 4). At the time of iso- 
lation and 24h later, all the protoplasts had more than 
99% viability. In the absence of these two components, 
viability decreased significantly after 1 week (Table 4). 
The best level to maintain cell viability was 1000 units 
catalase in combination with 2 mM glutathione and 
these were therefore included routinely in the culture 
media. The marked improvement in protoplast viabili- 
ty in the presence of both these components suggested 
that oxygen damage by lipid peroxides may be one 
of the factors contributing to the poor response of oil 
palm protoplasts to culture. Similar results were report- 
ed by Ishii (1989) who found that in rice cells, the 
enzyme treatment used for protoplast isolation caused 
the cells to generate the superoxide radical. Addition 
of catalase or superoxide dismutase to the medium 
resulted in significant improvement in protoplast via- 
bility. Aspirin (O-acetyl-salicylic acid), silver nitrate, 
2,4-D and zeatin did not have an effect on viability or 
cell division at the concentrations used. Reports have 
shown the beneficial effect of aspirin (Carswell et al., 
1989) and silver salts (Perl et al., 1988) on protoplast 
division and colony formation. These compounds are 
believed to exert their effect by inhibition of ethy- 
lene production (Perl et al., 1988 and Carswell et al., 
1989). However, inclusion of these chemicals in the 
culture medium individually and in combination did 
not improve viability or division of oil palm protoplas- 
t s .  

In liquid medium, Calcofluor staining showed that 
cell wall formation occurred after two days. Howev- 
er, protoplast division was not observed and the cells 
aggregated after two weeks in culture medium. On sol- 
id medium, however, both cell wall regeneration and 
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Table 4. Effect of catalase and glutathione on viability of pm- 
toplasts isolated from embryogenic cultures of oil palm. 

Compound Viability (%) 
Catalase Glutathione 72h 1 Wk 2 Wk 

units/ml mM 

0 0 954-2 454-6 54-3 
0 1 954-3 754-4 104-5 
0 2 974-1 804-8 274-5 
0 3 964-2 734-7 284-8 

500 0 964-1 784-8 554-3 
500 1 974-1 704-3 534-5 
500 2 964-3 754-6 604-6 
500 3 954-2 804-10 604-10 
1000 0 964-2 834-5 674-5 
1000 1 964-3 894-3 694-6 
1000 2 994-1 994-1 754-6 
1000 3 984-1 854-8 684-7 
1500 0 954-1 794-6 604-5 
1500 1 964-2 804-2 594-3 
1500 2 974-1 804-6 574-5 
1500 3 964-1 754-8 534-5 

Value represent the mean of 3-5 independent experiments. Each 
experiment was carried out in triplicate. 

limited cell division were observed. First cell division 
was observed after three days of culture and colonies 
of up to 12 cells could be observed after 10 days. 
Further division to form microcalluses (300-500 cells) 
occurred at a very low frequency (<0.01% of proto- 
plasts plated) after three to four weeks. Further growth 
of the microcalluses could not be sustained on the same 
medium. 

Efforts are in progress to improve the culture sys- 
tem in order to obtain sustained cell division. Regen- 
erable embryogenic suspension cultures have been 
reported for the oil palm in other laboratories (Touchet 
et al., 1991; Teixeira et al., 1995). Efforts are also in 
progress to obtain embryogenic suspension cultures as 
a source material for protoplasts. 
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