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Factors Affecting the Protoplast Isolation and Culture of Anubias nana Engler
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Abstract: The effects of various factors on the isolation and culture of 4nubias nana Engler protoplast were
mvestigated. Several factors, such as kind and concentration of enzymes, mamnitol concentration in digestion
solution, incubation time, plant material age and sucrose concentration in purifying solution were extremely
important to obtain highest number and viability of protoplasts. The highest yield (4.7940.48>10° per gram fresh
weight) and viability (82.90+4.31%) was obtained when protoplasts were digested from in vitro six-week-
old leaves with 2% Cellulase Onozuka RS, 0.2% Pectolyase Y-23, 0.6 M mannitol, 2.5 mM CaCl,.2H,O and
5 mM morpholmoethane sulfonic acid (MES), pH 5.6 for 4 h in the dark and purified with 18% sucrose
gradient centrifugation. Purified protoplasts were cultured on KMS8P medium supplemented with 0.2 mg L™
2,4-dichlerophenoxyacetic acid (2,4-D), 1 mg L' g-naphthalene acetic acid (NAA), 0.5mgL~" zeatin
by agarose-bead with thin layer liquid culture. The protoplasts regenerated cell walls within 24 h. First cell
division was observed after culturing for 7-9 days and micro-colonies were formed within 30 days. The culture
medium, culture method and plant growth regulator were significant factors influencing cell division and

survival of protoplast.
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INTRODUCTION

Aquatic plants are an important economic crop in
Thailand. Many species of aquatic plant have been
successfully commercialized around the world. Anubias
15 one of the major exported genera. The genus Anubias
comprises eight species. Of these, Amsbias nana Engler
(Dwarf Anubias) 1s commercially cultivated for aquaria
(Muhlberg, 1982). A. nana Engler is a monocotyledonous
species belonging to Araceae (Cook, 1996). Tt is a small
attractive plant with thick creeping roots, petiole of up to
5 cm long and glabrous leaf blade of up to 10 em long and
about 2.08 cm broad. It grows slowly and the leaves
survive for several years. Traditionally, it is propagated
vegetatively by rhizome division (Rataj and Horeman,
1977, Allgayer and Teton, 1986).

An 1solated protoplast 13 a plant cell in which the
outer wall has been mechamcally or enzymatically
removed (Eriksson, 1989). Protoplasts have diverse
applications including the study of cell physiology
and genetics, plasma membrane properties, cell-cell
communication and particle uptake. In terms of its
agricultural implications, the technology has played an
umportant role in the study of host-parasite interactions
and plant genetic transformations (Sinha et af., 2003).
Protoplasts are also useful materials for production of

novel genotypes of flower and ormamental plants
through somatic hybridization (Nakano and Mu, 1993;
Mizuhiro et al., 2001; Horita et al., 2003) and somaclonal
variation (Frearson ef al., 1973). Somatic hybridization
through protoplast fusion allows production of hybrids
between distantly related species offering chances for
generating novel cultivars that cannot be obtained by
conventional hybridization techniques (Nakano et al.,
1996).

Therefore the development of techniques for
protoplast culture and fusion of Anubias may lead to the
production of new varieties. This would increase the
market of Anubias species in ornamental plant industry.
However, for the successful application of this technique
the availability of an efficient procedure for protoplast
1solation and culture 1s prerequisite, but, so far, the
protoplast isolation and culture of this species has not
been reported. In this study, we attempted to establish
efficient protoplast isolation and culture procedure of
A. nana Engler.

MATERIALS AND METHODS

Tissue culture of A nana Engler: Shoots of 4. nana
Engler were obtamned from plants growing undera
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hydroponics system in a greenhouse of Aquatic Plants
and Omamental Fish Research Institute, Banglcok,
Thailand. Tissue culture of 4. nana was carried out
according to Pongchawee (2004). The shoots were rinsed
in 70% (V/V) ethanol for 1 min and washed twice with
sterile distilled water. They were surface sterilized in 2%
NaOCL with 1 drop of tween 20 per 100 m L' solution
for 10 min and then immersed m 1% NaOCL with 1 drop of
tween 20 per 100 m L™ solution, stirred for 10 min and
washed with sterile distilled water three times. The
shoot tips of explants were cultured on semi-solid M3
medium (Murashige and Skoog, 1962) containing 8 pM
of benzyladenine (BA), 30 g L™ sucrose and 1.6 g L™
gelrite (Sigma, USA). Cultures were incubated ina 16 h
photoperiod at 25+1°C and subcultured onto the same
fresh medium at 6 weeks mtervals.

Factors affecting the protoplast isolation

Kind and concentration of enzymes: Protoplasts were
1solated from one gram fresh weight of young leaves of
in vitro 6-week-old plants wsing five different enzyme
mixtures (Table 1). The leaves were transversely sliced
mto small pieces in a petr1 dish contaming a washing
solution (0.5 M manmnitol, 2.5 mM CaCl,.2H,0 and 5 mM
MES, pH 5.6) and plasmolysised for 30 min. The washing
solution was pipetted off and replaced with 5 m 1.™' of the
filter-sterilized (Satorius, pore size 0.20 pm) enzyme
mixtures. The enzyme-tissue mixture was ncubated in the
darl on a gyratory shaker (40 rpm) at 25£1°C for 4 h. The
incubated enzyme-tissue mixture was then gently filtrated
through nylon meshes of 60 and 40 pore size to remove
undigested cell clumps and debris. The filtrate was
centrifuged for 5 min at 750 rpm. The supernatants were
discarded and the pellets were washed twice by
centrifugation at 750 rpm for 3 min in the washing
solution. The protoplast pellets were pipetted into 20%
sucrose solution and centrifuged at 1000 rpm for 10 min.
The purified protoplasts were collected then washed with
the washing solution through centrifugation at 750 rpm
for 3 min and resuspended in the washing solution.
Protoplast viability was determined using fluorescein
diacetate (FDA) staining (Widholm, 1972). Protoplast

yield was measured using a haemacytometer under an
inverted microscope (Nikon ECLIPSE TE 300, Japan)
(Gleddie, 1995).

Mannitol concentration: The  enzyme  solution
composing of 2% Cellulase RS, 0.2% Pectolyase Y-23,
2.5 mM CaCl, 2H,0, 5 mM MES (pH 5.6) and various
manmtol concentrations (0.4, 0.5, 0.6 and 0.7 M marmnitol)
were tested for their affects on the isolation of 4. nana
Engler protoplasts. The protoplasts were isolated and
collected as previously described. Protoplast yield and
viability were determined.

Incubation time: One gram of six-weelc-old in vitro leaves
was incubated in 5 m L™ of enzyme mixture containing
0.6 M mannitol as previous described. The digestion was
performed on a gyratory shaker (40 rpm) for 3,4, 5or6h
in the dark. Then the protoplasts were collected and
purified as previously described. The viability and yield
of protoplasts were recorded to determine the effect of
degradation periods.

Plant material age: The affect of plant material age
(four, six, eight and ten week old) on protoplast yield
and quality was examined. The protoplasts were isolated
using enzyme mixture as previously described. Protoplast
yield and viability were determined.

Purification by various sucrose concentrations: The
protoplasts were isolated by enzyme mixture as previously
described. The protoplasts was purified with varying
levels of sucrose solution (16, 18, 20 and 22%) and
centrifuged at 1000 rpm for 10 min. Then the protoplasts
were washed with the washing solution and centrifuged
at 750 rpm for 3 min. Protoplast yield and viability were
determined.

Protoplast culture

Media: The purified protoplast suspensions density of
5x10° protoplasts mL~ ' was cultured in two different
media: MS (Murashige and Skoog, 1962) and KMEP
{Kao and Michayluk, 1975) containing 0.2 mgL ~' 2,4-D,

Table 1: Components of enzyme mixture used for protoplast isolation of Arubias aana Engler

Enzyme concentration (%% w/v)

Cellulase Pectinase
Enzyme mixture Cellulase R10Y Cellulase RS Macerozyme R10" Pectolyase Y23 ¥
El 2 - 2 -
E2 2 - - 02
E3 - 2 2 -
E4 - 2 - 02
ES 2 2 01

Enzyme mixture: Enzymes, 0.5 M Mannitol, 2.5 mM CaCl,, 5 mM MES (pH 5.6) ' Yakult Honsha, Japan; ¥ Kaowa Chemical, Japan
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1mgL 'NAA and 0.5 mg I. ~' zeatin using agraose bead
method. The culture dishes (60x15 mm) were sealed with
parafilm and incubated at 254£2°C in the dark. The
protoplast survival rate and plating efficiency were
determined on the 10th day of culture according to
Balestri and Cinelli (2001).

No. of dividing protoplasts 100

Plating efficiency (%)=
Total No. of plated protoplasts

Type and concentration of plant growth regulator: Three
plant growth regulator combinations: M1 (1.5 mg L™
NAA and0.4mg L' BA), M2 {0.2mg L.7' 24-D, 1 mg L.
NAA and 0.5 mgL.7" zeatin) and M3 (0.2 mg 1.7" 2, 4-D,
2 mg L7 NAA and 0.5 mg 17" zeatin) were tested in
KMEP medium using agarose bead method. The cultures
were incubated in the dark at 25£2°C. Protoplast survival
and cell division were assessed after 10 days.

Culture method: The purified protoplasts at a density of
5x10 protoplasts mL " were cultured using the liquid thin
layer and agarose bead methods. For the liquid thin
layer method, 1.5 mL™" of protoplast suspension in
liquid KMEP medium was poured onto the bottom of a 6
cm petri dish (Kim et al., 2003). For agarose bead method,
one volume of the protoplast suspension was gently
mixed with one volume of KMEP medium containing
0.2mg L.7' 2,4-D, 1 mg L7 NAA and 0.5 mg 1.™' zeatin
with 1.2% (w/v) agarose (SeaPrep®, FMC BioProducts,
USA). The protoplast suspension was pipetted and
dropped 1nto a 6 cm petri dish. After gelling of agarose,
the droplets were covered with 3 m L. ™' of modified liquid
KMBERP medium. The Petri dishes were sealed with parafilm
and mncubated at 25°C 1 the dark for 10 days, dumn light for
10 days, and then in the light for 30 days. Cell wall
regeneration was observed with 0.01% (w/v) calcofluor
white staining under a fluorescence microscope
(Phansiri et al., 1992). Colony formation, cell division and
swrvival percentage were determined after 10, 30 and
50 days of culture.

Data analysis: The experiment had three replicates. All
data were assessed by one-way analysis of variance
(ANOVA) and the means were compared by the Tukey
test at 95% confidence of mterval (p<0.05). The
significance of difference in plating efficiency and
survival rate as influenced by the culture media and
culture methods were assessed by independent sample
t-test. All statistical analyses were carried out using SPSS
11.0 software (SPSS, Chicago, TL, TJTSA).
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RESULTS AND DISCUSSION

Factors affecting protoplast isolation

Kind and concentration of enzyme mixtures: Five
different enzyme mixtures were tested for isolated
protoplasts from 4. nana Engler leaves. The results
indicated that the kind and concentration of enzymes
significantly affected protoplast yield and quality
(p<0.05). E4 (2% Cellulase RS and 0.2% Pectolyase Y-23)
gave the highest yield of protoplasts (10.96+1.63x10°
protoplasts g~ FW) (Fig. 1A). However, viability of
protoplast obtained from E4 (71.2743.49%) was not
significantly different from that of E2(55.5145.13%),
E3 (58.00£3.94%) and ES5 (62.37+2.26%) at p=0.05
(Fig. 1A), but was significantly different from E1
(48.17+4.19%) (p<0.05). An enzyme mixture contairung 2%
Cellulase RS and 0.2% Pectolyase Y-23 was suitable for
1solating mesophyll protoplast of A. rana Engler. This
combination could produce higher yield of protoplasts
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than 2% Cellulase R10 and 0.2% Pectolyase Y-23 (E2).
Therefor Cellulase RS was more effective for protoplast
isolation of A. rana Engler than Cellulase R10. The similar
results were previously reported in rice (Toyama et al.,
1989). Pectolyase Y23 was more effective  than
Macerozyme R10 in isolating protoplasts from leaves of
A. nana BEngler. The Pectolyase Y-23 has been used
successfully for isolating mesophyll protoplasts in
many  species such as Brussomelia papyrifera
(Phansiri et al., 2001) Lotus corniculatus (Vessabutr and
Grant, 1995) Dendrobium Yukidaruma Queen (Yasugi,
1989) Pistum sativum (Durieu and Ochatt, 2000) and
Musa spp. (Assani ef al., 2002). Nagata and I[shii (1579)
indicated that Pectolyase Y-23 has about 50 times

stronger endo-polygalacturonase activity than
Macerozyme R-10.
Effect of mannitol concentration: The effect of

various marritol concentrations 0.4, 0.5, 0.6 and 0.7 M
on protoplast isolation showed that the mannitol
concentration n enzyme solution significantly mfluenced
the yield and viability of protoplasts at p<0.05 (Fig. 1B).
Mannitol at 0.6 M gave the highest yield (13.12+1.04x10°
protoplasts g='  FW) and viability (82.2643.59%).
When using manmnitol with at 0.4 or 0.7 M concentration,
number of protoplasts were low. Generally, protoplasts
burst in ~ hypotonic collapse in
hypertonic  solution (Maeda and Hagiwara, 1974,
Ohshima and Toyama, 1989). Tt was concluded that 0.6 M
has suitable osmotic pressure for protoplast isolation of

solution and

A. nana Engler. This concentration was different from
that used m aquatic plant Crypiocoryne wendtii De Wit
(0.5 M mannital) (Pongchawee ef al., 2005).

Incubation time: The effect of time in protoplasts
digestion (3, 4, 5 and 6 h) found that incubation time
significantly (p<0.05) influenced yield and viability of
protoplasts (Fig. 3). Optimal time of incubation was 4 h,
which gave the highest number (14.2441.27x10°
protoplats g=' FW) and viability of (81.18+£2.07%)
protoplasts (p<0.05). While the incubation time was
longer than 4 h, The yield and viability of protoplasts
decreased for over digestion (Fig. 2A). The prolonged
mcubation of leaves in enzyme solution could potentially
lead to protoplast mass breaking and disfunction. Damage
could be decreased by modifying the enzyme solution
(lower concentration of enzymes) or duration (shorteming)
of enzymatic treatment (Navratilova et al., 2000).

Plant material age: I vitro young leaves of four-, six-,
eight and ten-weelk-old 4. nana were used for protoplast

isolation. Tt was found that the age of leaves
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influenced the viability and yield of protoplasts. Six-
month-old leaves provided the highest yields
{(43.7312.81x10° protoplasts g~ FW) and viability
(85.91£3.32%) of protoplasts (p<0.05) (Fig. ZB). While
isolated protoplast from older leaves (eight- and ten-weel-
old) or younger leaves (four-week-old) gave the lower
protoplast yield and viability. Similar experiments were
showed that age of leaves could influence the number of
1solated protoplasts such as Allium ampeloprasum
(Buiteveld and Creemers-Molenaar, 1994), Medicago
sativa (Levee et al., 2005) and Sesbania bispinosa
(Zhao et al., 1995). It was difficult to 1solate protoplasts
from older leaves because more lignin substances
accumulate in cell walls of old cells. Therefore, a six-week-
old leaf was the appropriate age for protoplast isolation of
A. nana Engler (Fig. 4A). The isolated protoplasts were
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Fig. 3. Effect of sucrose concentrations on yield and
viability of Arubias nana Engler. Data represent
mean+standard error of three replicates

spherical and contained many chloroplasts (Fig. 4B). The
viable protoplasts fluoresced a yellow-green color after
staining with FDA (Fig. 4C).

Purification by various sucrose concentrations: There
was a significant difference between the yield of
protoplasts, which centrifuged in the
concentrations, but not significantly differences in the
viability (Fig. 3). Purification with 18% sucrose solution
gave the highest yield of 47.95+4.80x10° protoplasts g~
FW with the viability of 82.9044.31% (p<0.05). Protoplasts
purified in 22% were greatly decreased in number of
protoplasts. The general procedure for 4. nana Engler
protoplasts purification established here was different to
that developed for Cryptocoryne wendtii De Wit which
using 16% sucrose solution (Pongchawee et al., 2005).
This method could remove cell debris and needle-like
crystals which have been found in protoplast isclation of
A. nana Engler.

four sucrose

Factors affecting the protoplast culture

Culture media: The effects of MS and KM8&P media on
protoplast culture was compared. Plating efficiency and
survival rate of protoplasts n KMS8P medium were
significantly different from protoplasts in that of MS
medium (p<0.05) (Table 2). Cell wall synthesis occurred
within 24 h and could be observed by calcofluor wiute
staining (Fig. 4D). The first cell division of the protoplasts
in KM8P medium was observed within 7-9 days after
being cultured (Fig. 4E). Cell division occurred at an
average of 1528+1.30% after 10 days culture. The
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protoplast survival percentage (55.9248.65%) was
obtamed at 10 days of culture in KM8P medium. No cell
division was observed in MS medium. This suggests that
KMS8P medium was appropriate for culturing 4. nana
Engler protoplasts. According to KM8P was enriched
with vitamins, orgamic acids, sugar, sugar alcohols,
casamino acids and coconut water (Tamura et al., 1995).
The KM&P medium has been successfully used for
protoplast culture in various plant species including
Broussonetia papyrifera (Phansiri et «l., 2001) and
Pelargonium odoratissinum (Miyazalki et al, 1992).
However, protoplasts of many plants such as Primula
malacoides and P. obconica (Mizuhiro et al., 2001),
Posidonia oceanica and Cymodocea nodosa (Balestri
and Cinelly, 2001) and Rosa hybridia (Kum et al., 2003),
could be divided and regenerated into plantlets when
cultured in MS medium.

Type and concentration of plant growth regulator: The
protoplasts were cultured m KMSP medium contaming
different types and concentrations of plant growth
regulator: M1 (1.5 mg L7'NAA + 0.4 mg 17" BA), M2
(0.2mg L' 24-D+1mg L' NAA + 0.5 mg L' Zeatin)
and M3{(02mg L' 2,4D+2mg L' NAA+05mg L™
Zeatin). Type and concentration of plant growth regulator
significantly affected cell division and survival of
protoplasts (p<0.05). The best results were observed in
M2. The maximum survival of protoplasts and cell division
were 18.3341.32 and 56.25+1.91%, respectively (Table 3).
Protoplasts cultured in 1.5 mg L' NAA + 0.4 mg L' BA
did not divide and died. Growth of protoplasts 1s
dependent on the interaction between naturally occurring
endogenous growth substances and growth regulators
added to the medium. The auxins (NAA and 2,4-D)
and cytolamns (BA and Zeatin) are generally needed in
the protoplast culture medium (Veilleux et al., 2005).
The kind of plant growth regulator and the balance
between awuxin and cytokinin are important factors
controlling organ differentiation (Jomori ef al., 1995).

Culture method: Two different protoplast culture
methods were tested. Significant differences in plating
efficiencies and protoplast survival were found
(p=0.05) (Table 4 and 3). No cell division was observed
in liquid medium. Protoplasts did not divide and died.

Table 2: Effect of cultwre medium on plating efficiency and survival of

Arnubias nana Engler protoplasts atter 10 days of culture
Culture medium Plating efficiency (%) Survival rate (%o)
MS 0.00=0.00¢ 0.000.00
KMSP 15.28+1.30° 55.92+8.65"
Data are means+standard error of triplicate. Means in the same column not
sharing the common superscript letter are significantly different determined
by Tukey’s test (p<0.05)
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Fig. 4: Isolation, culture and cell division of 4nubias nana Engler protoplasts. Six-week-old plantlets suitable for
the isolation of leaf protoplasts (A), protoplasts after purification with 18%e sucrose solution (B), vigorous
protoplasts fluoresce a yellow-green color when stained with FDA (), protoplast culture in agarose bead,
cell wall regenerated within 24 h with detected by calcofluor white staining (D), first cell division after 7-9 days
of culture (E), small cell colonies after culturing for 30 days (F). Bar = 20 um

Tahble 3: Effect of plant growth regulators on plating efficiency and survival (10 days culture) of dnwbias mane Engler protoplasts

PGRs combinations fmg =0 Plating efficency (%e) Surwival rate (%)
MllSmg L NAs+04mg -1 BA 0.00+0.00* 0.00+0.00*
M2:02 mg L-124-D+ 1 mg L) NAA+ 0.5 mg L' zeatin 18.3341.32° 56.2541.91¢
M302mzgl7124-D+ 2mg "I NAA+ 0.5 me L' zeatin 105142 57° 40.82+1 23°

Data are meanststandard error of tnplicate. Means in the same column not sharing the common superscript letter are significantly different detemmined by
Tukey s test (p=0.05)

Table 4:  Effect of culture methods on cell diwision {(plating efficiency) of Table 5:  Effect of culture methods on survival rate of Amebias mame Engler

Anubias nana Engler protoplasts in KMEP medium protoplasts in KMEP medium
Flating efficiency (3%) Survival rate (%4)

Culture method Day 10 Day 30 Day 50 Culture method Day 10 Day 30 Dray 50
Liguid medium 0.00+0.00* 0.00+0.00* 0.00+0.00* Liguid medium 0.00+0.00% 0.00+0.00 0.00+0.00°
Apgarose bead 19.95£3.92° 18.991.73" 11.76£2.37% Agarose bead 47.08£5.20" 40.52+5.37" 29.53+4.02%
Data are meanst sandard error of triplicate, Means in the same column not Data are meanststandard error of triplicate. Means in the same column not
sharing the commaon superscript letter are significantly different determined sharing the common superscript letter are significantly different determined
by Tukey’s test (p<0.05) by Tukey's test (p<0.05)
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Culturing protoplasts using agarose-bead with thin layer
liquid culture method resulted in high cell division and
plating efficiencies. The first cell division was observed
after 2-3 days of culture. Plating efficiency was 19.95+3.92,
18.9941.78 and 11.764+2.37% after 10, 30 and 50 days in
culture, respectively. Survival rate of protoplasts cultured
for 10, 30 and 50 days by this method were 47.08+5.20,
40.52+5 87 and 29.53+4.02%, respectively. Micro-colomes
were formed within 30 days (Fig. 4F). However, the
microcolomes stopped growing and died. The use of
agarose has been proved to be useful for avoiding the
agglutination of protoplasts and to be beneficial for cell
division and colony formation in various plant species
such as Broussonetia papyrifera (Phansini et al., 2001)
and Curcumis melo *Green Delica’ (Sutiojono ef al., 1998).

CONCLUSIONS

We developed an efficient method for isolation and
culture of protoplast of 4. rana Engler. Protoplasts were
successfully i1solated from in vitro six-week-old leaves
using an enzyme mixture comprising 2% Cellulase
Onozuka RS, 0.2% Pectolyase Y-23, 0.6 M mannitol, 2.5
mM CaCl,.2H,0 and 5 mM MES, pH 5.6. Approximately
4.7940.48=10° P g~' Fw, with 82.90+14.31% viability were
obtained after 1solation for 4 h n the dark and purified
with 18% sucrose gradient centrifugation, enzyme muixture,
osmotic selution, mcubation time, plant material age and
sucrose concentration in purified solution influenced
both vield and viability of protoplasts. The protoplasts
regenerated cell walls within 24 h after culturing on
modified KMS8P medium supplemented with 0.2 mg L™
2.4-D, 1 mg L™ NAA, 0.5mg L™ Zeatin by agarose-bead
with thin layer liquid culture. First cell division was
observed after culturing for 7-9 days and micro-colomes
were formed within 30 days. Further research is in the
process to find the optimal conditions for colony
formation and plant regeneration in A. nara Engler.
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