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Isolation of Protoplasts from Various Tissues of
Acacia mangium Cultured in vitro
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Introduction

Acacia mangium Will. is widely planted in the tropics as a fast-growing tree species.
This species has tolerance against acidic soils and is able to grow on waste lands (YoNE-
kawa and Mivawaki, 1983). However, since many highly acidic soils are distributed in the
tropics, breeding of tolerant clones is of much importance from the point of silvicultural
view.

Recent method of plant biotechnology using protoplasts is one of efficient ways to
breed tolerant clones. Protoplasts have been isolated from various tree species and cultured
in order to create new plants by cell fusion (OHGAWARA et al., 1985) or transfection of a
foreign gene (Kawazu et al., 1988). As for A. mangium, however, no efficient protocols of
protoplast isolation have been established yet. In the present report, as the first step toward
breeding of tolerant clones of A. mangium, we examined the optimal condition for proto-
plast isolation from tissues produced in vitro.

Materials and Methods

Five different kinds of tissues were used for the protoplast isolation. Two of the tissues
were compound leaves and phyllodes of shoots induced in vitro (Sarto et al, 1993).
Similarly, compound leaves and cotyledons of aseptically germinated 12-day-old seedlings
were also tested. The other tissue was callus induced on a hypocotyl of a seedling
(AKAMATSU et al., 1991) cultured on MurasHziGe and Skooc (MS) medium (MUuRASHIGE and
Sko0G, 1962) containing 5uM 6-benzylaminopurine (BAP) and 5 M a-naphthaleneacetic
acid (NAA).

Tissues were cut into small pieces in a 0.6 M mannitol solution and transferred into
about 20 m! of an enzyme solution in 50 m! Erlenmeyer flasks. The basic enzyme solution
contained 0.6 M mannitol, 2 mM dithiothreitol, 0.001% potassium dextran sulfate, 1 mM 2-
[N-morpholino] ethanesulfonic acid (MES) (pH 6), in addition to various combinations of
Cellulase ‘ONOZUKA’ RS (Yakult Pharmaceutical Co., Tokyo), Pectolyase Y-23 (Seishin
Pharmaceutical Co., Tokyo) and Driselase (Kyowa Hakko Kogyo Co., Tokyo). The enzyme
solutions were centrifuged at 100 Xg for 3 min. Then the supernatants were sterilized by
passing through 0.22 yum membrane filters. The flask was shaken with 70 rounds per min
for 2-3 hr in a water bath at 30°C to digest cell walls.

After the incubation, debris were removed by a 32 #m nylon mesh filter, and then the
filtrate was centrifuged at 100 Xg for 5 min to collect protoplasts. The pellet of protoplasts
was resuspended in 10 m/ of a washing solution containing 0.6 M mannitol and 5.3 mM
CaCl,. The number of protoplasts was counted in a haemacytometer.
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Table 1. Effects of enzyme components in enzyme solution on the numbers of isolated proto-
plasts from compound leaves of cultured shoots*

Enzyme component (%)

Number of isolated protoplasts

-ON%eZHS}}?Z? . Pec‘ltrc-);éase Driserase per 1 g of tissue (< 107
1 0.1 0 4.3
1 0.1 1 10.7
1 0.1 2 15.6
1 0.2 0 9.3
1 0.2 1 3.8
1 0.2 2 34.8
0.5 0.1 0 4.5
0.5 0.1 1 0
0.5 0.1 2 20.0
0.5 0.2 0 7.1
0.5 0.2 1 4.7
0.5 0.2 2 9.3

* The shoots were induced from seedlings on MS medium containing 5 M BAP and 5uM IBA.

Fig. 1. Isolated protoplasts from the compound leaves of cultured shoot.

Results and Discussion

Enzyme composition for protoplast isolation

Twelve combinations of enzymes (Table 1) were tested to find the optimal combination
for protoplast isolation from compound leaves of cultured shoots. Protoplasts were isolated
in almost all enzyme combinations (Fig. 1). Yields of protoplasts are shown in Table 1. The
enzyme solutions with Driselase were more effective for the protoplast isolation than those
without Driselase. Especially the combinations with 2% Driselase were effective. Among
the enzyme solutions that contained Driselase, the yields were higher in the solutions
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Table 2. Difference in yields of protoplasts* from compound leaves,
cotyledons and callus

Number of isolated protoplasts per

Tissue 1 g of tissue (X 10%
Compound leaves** 3.8, 6.6
Cotyledons** 3.6, 8.7
Callus®** 81.3

* The enzyme solution contained 1% Cellulaze ‘ONOZUKA'’ RS, 0.2%
Pectolyase Y-23 and 1% Driserase.
** Compound leaves and cotyledons of 12-day-old seedlings.
*** Callus were originated from hypocotyls of seedlings.

containing higher concentrations of Pectolyase Y-23 and Cellulase ‘ONOZUKA’ RS. The
best yield of protoplasts was 3.5 10° per 1 g of tissue in the enzyme solution containing 1%
Cellulase ‘ONOZUKA'’ RS, 0.2% Pectolyase Y-23 and 2% Driselase.

SHIBATA et al. (1985) have already isolated protoplasts from seedlings of A. mangium,
and the yields were at most 0.9 X 10 per 1 g of tissue. The yield of present experiment was
about 40-fold higher than that. NeweLL and Luu (1985) reported that protoplasts were
obtained from hypocotyls of Glycine canescens, a leguminous herb, and the yield averaged
1.4%x10% per 1g of tissue. In the case of trees, protoplasts were isolated from Betula
platyphylla var. japonica, Betula grossa (Ipk et al., 1990), Quercus acutissima (IbE et al., 1991)
and Populus alba (Sasamorto et al., 1989), and the yields were between 1X 10° and 1 X107
per 1 g of tissue. In the present experiment, as the yield was equivalent to those
from leguminous herb and other tree species, the method of protoplast isolation from
A. mangium was improved.

Protoplast isolation from various kinds of tissues

Haracucar et al. (1991) reported that the age and the firmness of tissue influence the
efficiency of protoplast isolation. Therefore, the efficiency of protoplast isolation was
examined for various kinds of tissues, phyllodes of cultured shoots, compound leaves and
cotyledons of 12-day-old seedlings and callus. In the case of phyllodes, protoplasts were not
isolated in the same enzyme solution used in the previous experiment. Probably, higher
concentrations of enzymes or different combinations may be required for digesting the
hard tissue of phyllodes.

The other tissues were treated with an enzyme solution containing 1% Cellulase
‘ONOZUKA'’ RS, 0.2% Pectolyase Y-23, 1% Driselase. To avoid excessive digesting of young
and soft tissues, the concentration of Driselase in the enzyme solution was decreased to 1%.
The yields of protoplasts isolated from compound leaves and cotyledons were 3.6-8.7 X 10*
(Table 2). In contrast, callus was more effective to isolate protoplasts. The yield from callus
was about 8 10° per 1 g of tissue, being 10- to 20-fold higher than those from compound
leaves and cotyledons. Callus is the best material for protoplast isolation in respect of yield.

In the present study, we established a procedure of protoplast isolation from
A. mangium cultured in vitro. The isolated protoplasts formed no colony during the
subsequent culture in MS medium. Our next step is to define a culture condition for
successful proliferation of protoplasts of A. mangium.
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Summary

Various enzyme combinations were tested for protoplast isolation from compound
leaves of in vitro cultured shoots of Acacia mangium. The combination of 1% Cellulase
‘ONOZUKA' RS, 0.2% Pectolyase Y-23 and 2% Driselase was optimal to obtain a high yields
of protoplasts. The protoplasts were also successfully isolated from compound leaves and
cotyledons of young seedlings and callus, but not from phyllode.
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