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Abstract: The purpose of this study was to investigate the optimal conditions for high-yield protoplast isolation
of Jatropha curcas L. and Ricinus communis L. for producing an intergeneric somatic hybrid. To isolate a large
amount of protoplasts from J. curcas L. and R. communis L., several factors that affect protoplast isolation, such
as the source of the plant tissue, type of cellulase, enzyme combination, incubation time and osmoticum were
investigated. Our results indicated that in vitro leaves yielded a higher number of protoplasts than calli. Cellulase
onozuka R10 highly affected protoplast isolation. In addition, 14 enzyme combinations of cellulase (Aspergillus sp.),
cellulase onozuka R10, pectinase and pectolyase Y23 yielded various amounts of protoplasts. The greatest yield
(94.5 ± 4.5 × 10  protoplasts/gFW) and viability (77.8 ± 3.1%) of J. curcas L. protoplasts was obtained from cellulase5

onozuka R10 and pectolyase Y23 supplemented with mannitol, CaCl .2H O and 2-(N-morpholino) ethane sulfonic2 2

acid (MES) buffer (pH 5.6). However, the enzyme solution consisting of cellulase onozuka R10, pectinase, mannitol,
CaCl .2H O and MES buffer (pH 5.0) yielded the maximum number (8.5 ± 1.6 × 10  protoplasts/gFW) and viability2 2

5

(84.4 ± 2.3%) of R. communis L. protoplasts. Additionally, it was observed that incubating the mixture reagent with
plant tissue in a Petri dish (5.5 Ø cm) at 30°C for 7 hours on an orbital shaker (60 rpm) in the dark was the optimal
condition for protoplast isolation.

Abbreviations: BA – 6-Benzylaminopurine  CIM-2 – callus inducing medium-2  CMC – carboxymethyl cellulose
 DNS – 3, 5-dinitrosalicylic acid  FW – Fresh weight IBA – Indole-3-butyric acid  Kn – Kinetin
MES – 2-(N-morpholino) ethanesulfonic acid  MS – Murashige and Skoog’s (1962) medium 

NAA – naphthalene acetic acid  NaOAc – sodium acetate buffer   PVP – Polyvinylpyrrolidone
 TDZ – N-phenyl-N'-1,2,3-thidiazol-5-yl urea

Key words: Euphorbiaceae  Jatropha curcas L. Ricinus communis L.  Protoplast isolation  Cellulase
Pectolyase

INTRODUCTION considered potential alternative sources for biofuel in the

Physic  nut (Jatropha  curcas  L.) and castor history of the castor breeding program has domesticated
(Ricinus communis L.) belong to the Euphorbiaceae castor from an economically unproductive semi-wild
family. Both species are non-edible oilseed crops and are species  to  a dwarf, high yield and early maturing variety

era of a world energy crisis [1, 2]. The long successful
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[3]. In fact, J. curcas L. is still too far from commercial The 2-(N-morpholino) ethane sulfonic acid (MES) buffer,
production  because  of poor seed yield, plant height, which was purchased from Appli Chem Thailand, was
non-synchronous seeds and a narrow gene pool. adjusted to the final pH 5.0 and 5.6 by 1 N NaOH.
Investigations to improve J. curcas L. in the past decade
have demonstrated that elite varieties have not yet been Effectof Buffer and pH Values on  Cellulase  Activity:
achieved through conventional breeding, radiation The catalytic activity of cellulase and cellulase onozuka
mutation, or in vitro induction of  polyploidy  [2-4]. R10 were characterized to obtain the optimal conditions
Hence, protoplast technology might be used as a tool to prior to developing protoplast isolation. The enzymes’
create genetically diverse J. curcas L. Protoplasts refer to activities in NaOAc buffer and MES buffer at pH 5.0 and
plant cells that have had their cell walls removed, which 5.6 were determined.
are also known as naked cells. Over the last two decades,
the genetic manipulation of plants through protoplast Cellulase Assay: The Endo- -1,4-glucanase assay in 2%
transformation and fusion has been intensively reported (w/v) carboxymethyl cellulose (CMC) and the Exo- -1,4-
[7-9]. One advantage  of  protoplast  technology  is  that glucanase assay in 1.25% (w/v) Avicel were measured
it can facilitate the introgression of desirable traits to according to the methods of the cellulase assay [14],
generate intergeneric hybrids; for example, when fusing while, -glucosidase was measured according to the Jeng
the protoplast Brassica napus with Orychophragmus method [15]. The reducing sugar produced in the reaction
violaceus, a higher fatty acid content in the seeds was mixture was determined by the dinitrosalicylic acid (DNS)
observed [10, 11]. Based on the first successful protoplast method (Ref……??) and the colored complex was detected
fusion and protoplast culture came protoplast isolation. by a spectrophotometer at 540 nm [16]. Cellulase activity
Successful protoplast isolation may require a special was expressed as U/ml.
isolation process depending upon the individual plant
tissue [12]. Various stresses occur during the protoplast Plant Materials: Seeds of J. curcas L., a non-toxic variety,
isolation process, for instance the digestion time and were obtained from the Department of Agronomy, Faculty
osmoticum used in the enzyme can affect protoplast yield of Agriculture at Kasetsart University, Kamphaeng Saen
and viability [12]. In some cases, isolated protoplasts had campus, Nakhon Pathom, Thailand. Seeds of R. communis
completely lost the ability to regenerate the cell wall and L. No.TCO208, a commercial variety (dwarf and high
divide [13]. Therefore, searching for an appropriate lytic yield), were provided by Thai Castor Oil Industries Co.,
enzyme to degrade the cell wall, as well as maintain the Ltd., Thailand. 
osmotic pressure to obtain protoplasts with totipotency,
are important tasks. Developing an efficient protoplast In vitro Shoot Induction: The de-coated seeds of J.
isolation method is an important step towards successful
protoplast fusion and protoplast culture. Here, we
proposed a simple method for isolating the protoplasts of
J. curcas L. and R. communis L. Fourteen combinations of
enzyme solutions, explant sources, incubation times and
the concentration of osmoticum, which can influence the
number of protoplasts released and their viability, were
determined.

MATERAILS AND METHODS

Enzymes: The cellulase (Aspergillus sp.), pectinase and
pectolyase Y23 were purchased from Sigma-Aldrich
(Thailand) Co., Ltd. However, cellulase onozuka R10 was
purchased from Merck Co., Ltd., in Thailand.

Buffer System: The sodium acetate (NaOAc) buffer
consisted of 59 ml of 0.1 M acetic acid and 141 ml of 0.1 M
sodium acetate for preparing pH 5.0 and 19 ml of 0.1 M
acetic acid and 181 ml of 0.1 M sodium acetate for pH 5.6.

curcas L. and R. communis L. were soaked in distilled
water for 24 hours at room temperature. Then, the surface
was sterilized in 70% ethanol for 30 s and subsequently
sterilized in 95% ethanol three times. Embryos were
carefully excised from the seeds. The embryos were
transferred to culture on a regeneration medium (RM)
consisting of Murashige and Skoog (MS) medium
Murashige and Skoog [17] supplemented with 500 mg/l
polyvinylpyrrolidone (PVP),  30  mg/l  citric  acid,  1 mg/l
6-benzylaminopurine (BA), 0.5 mg/l kinetin (Kn), 0.25 mg/l
indole-3-butyric acid (IBA), 3% (w/v) sucrose and 0.7%
(w/v) agar at pH 5.7 [18]. Cultures were incubated under
a 16/8- hours light/dark photoperiod at 25°C for 2 weeks.
Then, the emerging shoots of J. curcas L. were transferred
to culture on callus inducing medium-2 (CIM-2), which
consisted of MS medium supplemented with 100 mg/l
casein hydrolysate, 200 mg/l L-glutamine, 0.5 mg/l IBA, 1.0
mg/l BA and 8.0 mg/l CuSO  [18] for shoot induction.4

While the emerging shoots of R. communis L. were
transferred to culture on modified MS medium, we  added



Average cells x protoplast
suspension (ml)Protoplast yield (protoplasts/gFW) =

FW(g)
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Table 1: Composition of enzyme solutions for protoplast isolation of J. curcas L. and R. communis L.
Enzyme solutions

Enzyme --------------------------------------------------------------------------------------------------------------------------------------------------
compositions 1 2 3 4 5 6 7 8 9 10 11 12 13 14
[%, W/V] Cellulase (A) 2 2 2 2 5 5 5 5 2 2 - - - -

Cellulase (O) - - - - - - - - - - 2 2 2 2
Pectinase 2 2 5 5 2 2 5 5 - - 2 2 - -
Pectolyase Y23 - - - - - - - - 0.2 0.2 - - 0.2 0.2

M Mannitol 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.7 0.7
NaOAc  buffer 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 - - - -

mM CaCl .2H O 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.52 2

MES buffer - - - - - - - - - - 5 5 5 5
pH 5.0 5.6 5.0 5.6 5.0 5.6 5.0 5.6 5.0 5.6 5.0 5.6 5.0 5.6

Cellulase (A) = cellulase (Aspergillus sp.) and Cellulase (O) = Cellulase Onozuka R10

0.25 mg/l N-phenyl-N'-1,2,3-thidiazol-5-yl urea (TDZ), 4.5 detritus. The pellets were purified by floating of 20% (w/v)
mg/l BA, 3% (w/v) sucrose and 0.7% (w/v) agar, adjusted sucrose with subsequent centrifugation at 1,000 rpm for
the pH to 5.7 and cultured them for 3 weeks [2]. The in 10 min. The supernatant was then discarded and washed
vitro leaves obtained in this step were prepared for with the washing solution. Lastly, the collected
protoplast isolation. resuspended solution was observed under the stereo

Callus  Induction:  Compact  calli  of  J.  curcas  L.    and counted using a hemocytometer.
R. communis L. were derived from in vitro leaves growing
on modified MS medium supplemented with 0.6 mg/l of
TDZ, 0.05 mg/l of napthalene acetic acid (NAA), 1 mg/l of
BA, 3% (w/v) sucrose and 0.7% (w/v) agar, were adjusted
to pH 5.7 and were cultured for 6 weeks.

Protoplast Isolation Solution: Fourteen enzyme solutions
in Table 1 were designed to find the optimal compositions
for protoplast isolation.

Protoplast Isolation Standard Protocol: The in vitro
leaves and calli (0.1 gFW) of each species were excised
and    cut   transversely   into   1–2   mm   wide    strips.
The  sliced   tissues   were   placed   on   Petri     dishes
(5.5 cm  diameter)  and plasmolysed  by  immersion  with
4 ml of a washing solution that was modified from
Pongchawee et al. [19] (osomoticum: 0.5 M mannitol,
protectant: 2.5 mM CaCl .2H O and pH 5.6) for 1 hours.2 2

Afterwards, the plasmolyticum was replaced with the
commercially available cell-wall lytic enzyme solution to
find the optimal condition for protoplast isolation. The
enzyme solution compositions were designed as shown
in Table 1.

Explants were incubated in darkness at 30 °C for 7
hours on an orbital shaker (60 rpm). After incubation, the
crude digest was filtered through a Cell Dissociation Sieve
Tissue Grinder Kit (Sigma , USA) 100 mesh (140 µm) with®

washing solution (0.7 M mannitol, 2.5 mM CaCl .2H O and2 2

pH 5.6) three times via centrifugation at  750  rpm for 5 min
to separate protoplasts from undigested tissue and cell

microscope and protoplast yield and viability were

The number and determined viability of purified
protoplasts were assessed by Trypan blue staining and
the number of viable isolated protoplasts was estimated
using a hemocytometer. Ten microliters of protoplast
suspension solution with 90 µl of 0.4% Trypan blue
(Sigma, USA) and small amounts of this mixture were
placed on the hemocytometer [20]. Then, the total number
of viable protoplasts and the number of blue protoplasts
(non-viable) were counted under a light microscope.
Finally, the number of protoplasts per 1 ml of suspension
and their viability were calculated using the following
formulas [21].

Optimization of factors affecting the number of released
protoplasts: A suitable enzyme solution for J. curcas L.
and R. communis L. was selected and the optimal factors
were determined including the source of the explant,
incubation time and mannitol concentrations. The sources
of the explants were in vitro leaves and the 2-week-old
callus (0.1 gFW) in the exponential growth phase obtained
by the method mentioned previously. Explants were
incubated in darkness for 7 hours at 30 °C before
isolation. The incubation times used were 3, 5, 7, 9 and 11
hours, respectively. Mannitol concentrations were tested
at 0, 0.3, 0.5 and 0.7 M.



(Total protoplast count 
- No. of blue protoplasts)Percentage of protoplast viability = 100
Total No. of protoplasts 

×
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Statistical Analysis: All data were assessed by one-way different enzyme solutions were evaluated for the
analysis of variance (ANOVA) and the means were protoplast isolation of both J. curcas L. and R. communis
compared by Duncan’s multiple range tests with a 95% L. The composition of the enzyme solution had a
confidence interval (P < 0.05). Each analysis was carried significant effect on the protoplast yield and viability (P
out using the Statistical Package for the Social Sciences < 0.05; Table 3). The in vitro leaves of J. curcas L. yielded
v17.0 software (SPSS, Chicago, IL, USA). the highest number of protoplasts (94.5 ± 4.5 × 10

RESULTS results indicated that the enzyme solution 14 (consisting

Effect of the Buffer Used and Ph Values on Commercial Y23, 0.7 M mannitol, 2.5 mM CaCl .2H O and 5 mM MES
Cellulase Activity: In this study, the major components buffer at pH 5.6) was a suitable condition for isolating the
of cellulase were Endo- -1,4 glucanase and Exo- -1,4 in vitro leaves of J. curcas L. Furthermore, the callus
glucanase. The activities of Endo- -1,4 glucanase in 0.05 provided the highest number of protoplasts in the enzyme
M NaOAc buffer at pH 5.0 and 5.6 were 9.0 ± 0.7 and 9.2 solution 11, which consisted of 2% (w/v) cellulase
± 0.8 U/ml, respectively and Exo- -1,4 glucanase were 4.5 onozuka R10, 2% (w/v) pectinase, 0.5 M mannitol, 2.5 mM
± 0.6 and 4.7 ± 0.1 U/ml, respectively. When using 0.05 M CaCl .2H O and 5 mM MES buffer at pH 5.0. The
MES buffer at both pH 5.0 and 5.6, the enzyme activity of protoplast yield was 3.7 ± 1.3 × 10  protoplasts/gFW with
Endo- -1,4 glucanase decreased to 7.6 ± 0.6 and 6.8 ± 0.2 viability of 93.6 ± 5.9% (P < 0.05; Table 3). 
U/ml, respectively (Table 2). However, MES buffer
enhanced the activity of Exo- -1,4 glucanase and reached
its maximum activity at pH 5.0 (9.6 ± 1.1 U/ml). Results
demonstrated that MES buffer at pH 5.0 and 5.6 provided
higher cellulase activity than that of the NaOAc buffer.
Cellulase Onozuka R10 Consisted of Three
Compositions: Endo- -1,4 glucanase, Exo- -1,4 glucanase
and -glucosidase at both pH 5.0 and 5.6. The Endo- -1,4
glucanase activity reached its maximum activity in MES
buffer at pH 5.0 (15.9 ± 0.3 U/ml), whereas the Exo- -1,4
glucanase activity reached its maximum activity in MES
buffer at pH 5.6 (6.5 ± 0.8 U/ml). -Glucosidase activity
reached  its  maximum  activity  in MES buffer at pH 5.0
(2.4 ± 0.1 U/ml), whereas -glucosidase activity in NaOAc
buffer at both pH 5.0 and 5.6 produced an enzyme activity
that was lower than that in the MES buffer (Table 2).
Therefore, the cellulase onozuka R10 were selected as the
appropriate cellulase for cellulose hydrolysis in the cell
walls of J. curcas L. and R. communis L.

The efficiency of cellulase onozuka R10 was studied
for 23 hours in MES buffer at pH 5.6 (Figure 1). The
activity of Endo- -1,4 glucanase was maintained for 23
hours in pH 5.6. The enzyme activity of Exo- -1,4
glucanase was slightly increased at the beginning and
became stable after 3 hours. In contrast, -glucosidase
activity slightly increased from the beginning to 3 hours,
then rapidly increased from 3–11 hours and became stable
after 11 hours. 

Effectof Different Plant Tissue Sources and Enzyme
Solutions: In this study, one step reactions, which
included both cellulase and pectinase were used to isolate
protoplasts from J. curcas L. and R. communis L. Fourteen

5

protoplasts/gFW with a viability of 77.8 ± 3.1%). The

of 2% (w/v) cellulase onozuka R10, 0.2% (w/v) pectolyase
2 2

2 2
5

The enzyme solution 11 was used for protoplast
isolation from in vitro leaves of R. communis L. The
highest protoplast yields obtained were 8.5 ± 1.6 x 105

protoplasts/gFW with a viability of 84.4 ± 2.2%. For the
enzyme  solution 12 used for protoplast isolation from the
callus, the highest protoplast yield achieved was 2.2 ± 0.4
x10   protoplasts/gFW  with  a   viability   of  82.5 ± 6.0%5

(P < 0.05; Table 3).
Protoplast release depended on the tissue used as an

explant;  in  vitro  leaves  of J. curcas L. (Figure 2A) and
R. communis L. (Figure 4A) were more suitable than calli
because of their high yield and viability. Freshly isolated
mesophyll protoplasts from in vitro leaves of J. curcas L.
are shown in Figure 2B and those of R. communis L. are
shown in Figure 4B. The protoplasts of J. curcas L. were
green, spherically shaped and heterogeneous in size
(range: 11–45 µm). The protoplasts of R. communis L.
showed a similar color and shape, but were larger in size
(33–45 µm). Callus (Figure 3A) and calli protoplasts of J.
curcas L. (Figure 3B) were light green and were bigger
than the protoplasts of leaves. Callus (Figure 5A) and calli
protoplasts of R. communis L. (Figure 5B) were
translucent, colorless and ranged in size (36–97 µm).

Effectof  Incubation  Period:  Investigations  of  the
proper incubation time for the enzyme solutions 14 and 11
were performed.  The  time  was  set  at 3, 5, 7, 9 and  11
hours.
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Table 2: Effect of NaOAc and MES buffer at pH 5.0 and 5.6 at 30 °C on the enzyme activity of cellulase (Aspergillus sp.) and cellulase onozuka R10.

Activity of cellulase  (Aspergillus sp.) Activity of cellulase onozuka R10
-------------------------------------------------------------------------- --------------------------------------------------------------------------------
NaOAc buffer MES buffer NaOAc buffer MES buffer
--------------------------- ---------------------------- ---------------------------------- ------------------------------

Enzyme pH 5.0 pH 5.6 pH 5.0 pH 5.6 pH 5.0 pH 5.6 pH 5.0 pH 5.6

Endo 9.0±0.7 9.2±0.8 7.6±0.6 6.8±0.2 12.5±1.3 14.2±3.5 15.9±0.3 12.5±0.3a a b b a a a a

Exo 4.5±0.6 4.7±0.1 9.6±1.1 7.7±0.3 5.7±0.3 5.9±0.4 5.1±0.5 6.5±0.8c c b a b ab ab a

-glucosidase - - - - 1.2±0.3 0.9±0.0 2.4±0.1 1.9±0.2c c a b

Values represent the means ± SD, n = 3; means followed by the same letter were not significant at P < 0.05. 
Endo = Endo- -1,4 glucanase and Exo = Exo- -1,4 glucanase. Cellulase activity was expressed as U/ml.

Table 3: Protoplast yield and viability from in vitro leaves and callus of J. curcas L. and R. communis L., using different enzyme solutions. 

Yield [x10  protoplasts/gFW] Viability [%]5

----------------------------------------------------------------- -----------------------------------------------------------------------------------------
J. curcas L. R. communis L. J. curcas L. R. communis L.
------------------------------ -------------------------- ------------------------------------- ----------------------------------------

Enzyme solutions leaves callus leaves callus leaves callus leaves callus

1 12.5±1.5 0.7±0.1 1.3±0.5 0.4±0.2 73.3±4.2 63.9±12.7 72.6±11.0 72.2±25.5e de cde e a abc abcd abc

2 2.2±0.7 0.3±0.1 0.5±0.2 0.5±0.3 75.4±15.9 33.3±57.1 44.5±38.5 30.6±33.7f de cde de a bcd cdef cd

3 0.5±0.1 0.7±0.2 1.3±0.3 0.3±0.3 61.1±9.6 50.0±43.3 90.3±8.7 22.2±38.5f de cde e a abcd a d

4 4.1±0.8 0.9±0.2 0.8±0.2 0.4±0.4 82.8±4.3 61.1±24.1 68.9±30.0 8.3±14.4f cd cde e a abc bcde d

5 1.3±0.5 0.3±0.2 0.6±0.2 0.7±0.1 51.9±10.5 0.0±0.0 38.9±34.7 30.6±4.8f de cde cde ab d def cd

6 0.3±0.2 0.1±0.0 0.0±0.0 0.5±0.1 66.7±57.7 0.0±0.0 0.0±0.0 50.0±16.7f e e de a d d abcd

7 2.3±0.2 0.5±0.5 0.6±0.0 0.5±0.4 62.2±10.7 23.3±25.2 24.4±21.4 70.0±26.5f de cde de a cd fg abc

8 1.6±0.4 0.3±0.1 0.7±0.4 0.3±0.3 30.3±9.9 50.0±50.0 50.0±16.7 50.0±50.0f de cde e b abcd bcdef abcd

9 3.6±0.9 0.5±0.3 2.0±0.7 0.1±0.4 79.8±9.9 52.8±41.1 78.3±7.2 83.8±14.7f de c cde a abcd abc a

10 2.6±0.7 0.9±0.1 0.3±0.1 0.9±0.2 77.7±11.7 38.3±12.6 33.3±28.9 36.1±12.7f cde de cde a bcd efg bcd

11 72.3±11.4 3.7±1.3 8.5±1.6 1.3±0.1 69.6±1.6 93.6±5.9 84.4±2.2 73.8±8.6b a a bcd a a ab abc

12 24.9±2.9 1.5±0.1 1.6±0.9 2.2±0.4 86.0±1.9 78.0±8.4 74.5±7.0 82.5±6.0d bc cd a a abc abcd a

13 54.4±6.3 1.9±0.2 7.3±2.0 1.9±1.0 77.0±5.0 83.5±9.3 85.1±3.6 80.2±5.4c b a ab a ab ab ab

14 94.5±4.5 1.0±0.4 4.3±0.3 1.3±0.2 77.8±3.1 77.8±3.1 78.6±6.2 75.0±8.3a cd b bc a a ab abc

Values represent the means ± SD, n = 3; means followed by the same letter were not significant at P < 0.05.

Table 4: Protoplast yield and viability of isolated protoplast from in vitro leaves of J. curcas L. and R. communis L. obtained for different incubation time.
Yield [x10 protoplasts/gFW] Viability [%]5

------------------------------------------------------- -------------------------------------------------------------------
Incubation time (h) J. curcas L. R. communis L. J. curcas L. R. communis L.
3 41.0±0.0 4.4±2.5 87.7±11.9 90.9±9.1c c a a

5 27.9±7.6 77.2±9.2 88.7±2.9 92.7±1.5bc b a a

7 68.5±15.9 146.5±20.0 90.1±2.6 89.6±3.5a a a a

9 65.2±23.5 74.2±13.7 89.6±3.1 86.6±3.6a b a a

11 50.7±10.4 140.3±44.8 85.7±2.8 70.1±9.8ab a a b

Values represent the means ± SD, n = 3; means followed by the same letter were not significant at P < 0.05. 

Table 5: Protoplast yield and viability of isolated protoplast from in vitro leaves of J. curcas L. and R. communis L. obtained for different mannitol
concentrations.

Yield [x10  protoplasts/gFW] Viability [%]5

------------------------------------------------------ ---------------------------------------------------------------------
Mannitol[M] J. curcas L. R. communis L. J. curcas L. R. communis L.
0.0 79.5±.2.1 45.2±3.7 74.2±4.1 75.2±7.6c c c b

0.3 117.9±2.1 80.0±6.0 81.7±4.7 81.3±2.3b b b ab

0.5 118.6±16.9 96.1±13.4 87.9±2.6 85.6±3.1b a ab a

0.7 180.8±10.9 41.0±3.1 90.1±2.6 88.0±4.5a c a a

Values represent the means ± SD, n = 3; means followed by the same letter were not significant at P < 0.05.
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Fig. 1: Effects of incubation time on the enzyme efficiency of cellulase onozuka R10 in MES buffer at pH 5.6 and 30 °C.
(Values represent the mean, n = 3, ± SD)

Fig. 2: In vitro leaves (A) and freshly isolated Fig. 4: In vitro leaves (A) and freshly isolated
protoplasts (B) from the in vitro leaves of J. protoplasts (B) from the in vitro leaves of R.
curcas L.  Bar, 20 µm, 40 x objective. communis L. Bar, 20 µm, 40 x objective.

Fig. 3: Callus (A) and freshly isolated protoplasts (B) Fig. 5: Callus (A) and freshly isolated protoplasts (B)
from the callus of J. curcas L. Bar, 20 µm, 40 x from the callus of R. communis L.   Bar, 20 µm, 40
objective. x objective.

The  results  showed  that  incubation  time  significantly highest   protoplast  yields  at  68.5  ±  15.9  ×  10   and
(P < 0.05) influenced the yield and viability of protoplasts. 146.5 ±  20.0   ×    10    protoplasts/gFW,   respectively
The optimal incubation time of J. curcas L. and R. and  the   highest   viability    at    90.1    ±    2.6%    and
communis    L.  was 7  hours,  which   demonstrated   the 89.6   ±  3.5%,  respectively  (P < 0.05; Table 4). Once the

5

5
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incubation time increased, the protoplast viability hours. The results of the present study have clearly
decreased significantly (P < 0.05) from R. communis L. shown that 7 hours was the optimal incubation time for J.
leaves. curcas L. and R. communis L. There was existing

Effects of Different Mannitol Concentrations: The results plants belonging to the Euphorbiaceae family: cassava
reported above showed that enzyme solution 14 (Manihot esculenta) Crantz. cv. M. Thai 8 was incubated
demonstrated high protoplast yields from in vitro leaves for 16 hours at 25 ± 2 °C [23], rubber (Hevea brasiliensis)
of J. curcas L. and enzyme solution 11 provided a high was incubated for 17 hours at 28 °C [24] and R. communis
protoplast yield for R. communis L. In this experiment, L. was incubated for 1–3 hours at 30 °C [25, 26]. In
different mannitol concentrations (0, 0.3, 0.5 and 0.7 M) contrast, the present study showed that the maximum
were tested to identify the optimal concentration for protoplast yield of J. curcas L. and R. communis L.
isolating protoplasts from both species. The occurred at an incubation time of 7 hours and these data
concentration of mannitol influenced protoplast number agree with the profile of stability of cellulase onozuka R10
and viability (Table 5). The results revealed that the (Figure 1), which showed that the enzyme activity of
mannitol concentration of 0.7 M demonstrated the endoglucanase, exoglucanase and -glucosidase
maximum yield (180.8 ± 10.9 × 10  protoplasts/gFW) with increased from 3 hours, drastically increased from 5–75

the highest viability (90.1 ± 2.6%). In the case of R. hours and were stable at 11 hours. It was cautioned that
communis L., 0.5 M mannitol was able to efficiently obtain prolonged incubation of leaf protoplasts could potentially
the highest yield (96.1 ± 13.4 × 10  protoplasts/gFW) and lead to mass protoplast breakage and dysfunction [27].5

viability (85.6 ± 3.1%). The appropriate concentration of mannitol could
potentially be adjusted to maintain the osmotic pressure.

DISCUSSION Normally, mannitol must be added to the enzyme solution

Cellulase, generally used for cell-wall degradation and cell leakage or shrinking problems, because hypotonic
complete enzymatic crystalline cellulose hydrolysis, and hypertonic solutions can cause protoplasts to burst
requires three enzyme compositions (endoglucanase, or become damaged. The usual concentrations of
which randomly digests the crystalline cellulose; mannitol are 0.3-0.7 M [28]. The protocol developed in this
exoglucanase,  which   cleaves   cellobiose   from   the study used mannitol combined with 2.5 mM CaCl .2H O.
non-reducing  ends  of the cellulose polymer chain; and We discovered that different tissue types required
ß-glucosidase, which breaks the ß-1,4 glucosidic bonds of different amounts of mannitol. In vitro leaves of J. curcas
cellobiose to produce glucose monomers) to perform L. needed 0.7 M, while 0.5 M mannitol was suitable for R.
synergistic activities [14, 15]. Thus, it is important to know communis L. leaves. This result is similar to those
the characteristics of the enzymes before application. reported for Egyptian medicinal plants, which require
Individual cells and tissues may require special conditions 0.5–0.6 M mannitol to obtain the highest protoplast yield
for protoplast isolation [10]. In vitro leaves and calli were [29]. The concentration of 2% (w/v) cellulase onozuka R10
used as trial tissue types to establish an easy and combined with 0.2% (w/v) pectolyase Y23, 0.7 M mannitol
economical protocol for protoplast isolation of J. curcas and  2.5  mM  CaCl .2H O, with  an  incubation   time   of
L. and R. communis L. The lytic enzyme treatments of the 7 hours effectively enabled J. curcas L. leaf cells to
in vitro leaves and calli of J. curcas L. and R. communis release protoplasts in high quantity and quality. In
L. need to be optimized with respect to the concentration addition, to obtain a high number of R. communis L.
of the enzyme, period of treatment and concentration of protoplasts, the treatment should use a cellulase onozuka
osmoticum. A report on protoplast isolation of Carica R10 concentration at 2% (w/v) combined with 2% (w/v)
papaya has suggested that applying enzyme solutions at pectinase, 0.5 M mannitol, 2.5 mM CaCl .2H O and 5 mM
pH 5.0 caused damage to the cell structure and led to cell MES buffer with an incubation time of 7 hours at 30 °C.
death [22]. Therefore, in this study, cellulase onozuka R10 We found that this protocol is simple and can be used
in MES buffer at pH 5.6, which had a lower endoglucanase routinely in the preparation of leaf protoplasts. The
and -glucosidase activity than pH 5.0, was used for the protocol had a limited ability to obtain protoplast release
entire experiment. Generally, the enzyme treatment period from the calli of R. communis L. The enzyme activity of
used in protoplast isolation ranges from 30 min to 20 cellulase  onozuka R10 in MES buffer at pH 5.0 is stronger

information regarding the incubation time of several

and washing solution to prevent protoplasts from facing

2 2

2 2

2 2
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than the enzyme activity at pH 5.6; on the other hand, [7, 31, 33, 34]. This may be because mesophyll tissue from
cellulase onozuka R10 in NaOAc buffer at pH 5.6 has a in vitro leaves are loosely arranged and the enzyme
stronger enzyme activity than pH 5.0 (Table 2). In this solution has easy access to the cell wall, while the calli
study, we found that different buffers and pHs developed in this study were complex, which may have
differentially regulated the enzymatic activity. MES buffer caused a decreased yield. Additionally, Chawla [35]
has been found favorable for pH stabilization and for reported that a friable tissue used for protoplast isolation
controlling the pH of solutions in this system. Even should be in the early log or exponential growth phase
though an enzyme solution at pH 5.0 should be used in because it has a low starch content, which generally
protoplast isolation of Carica papaya L., this pH level provides better results. In terms of the yield quality and
can enhance the membrane-lipid peroxidation level, quantity of the isolated protoplasts from calli, they were
damage the cellular structure and lead to cell death [22]. primarily dependent on the condition and duration of the
Thus, the yield and viability of protoplasts decreases subculture due to the existence of the essential materials
under a low pH stress. Furthermore, an optimal pH of the for growth and cell division [20]. In a study on Rosa
enzyme solution can influence protoplast release [30]. hybrid, calli were eliminated because they exhibit high
Therefore, the present study determined that the pH of levels of somaclonal variation and ploidy changes in
5.6 was suitable  for  protoplast  isolation  from in vitro culture [36]. The protoplast isolation steps are important
leaves of J. curcas L. and this pH produced the highest for the entire process of protoplast-derived plant
yield. regeneration because in this stage, cells are exposed to

The present study demonstrates a successful method multiple stresses that will affect the remaining stages of
for isolating a large number of protoplasts from J. curcas plating efficiency and regeneration [37].
L. and R. communis L. The four main factors that influence The release of protoplasts is dependent on the
protoplast isolation, such as the source of the plant enzyme composition and the protoplast isolation step
tissue, enzyme solution, incubation time and mannitol needs to have a stabilized enzyme treatment for digesting
concentration, were determined by observing the yield the cell wall [28]. In the present study, enzyme
and viability of protoplasts from the non-toxic varieties of combinations involving cellulase onozuka R10 and
J. curcas L. and R. communis L. In this work, the in vitro pectolyase Y23 were used to isolate protoplasts from in
leaves were the best donor material for protoplast vitro mesophyll leaves in many species such as
isolation, as they set the maximum yield. Cryptocoryne wendtii [19], Lupinus subcarnosus [38] and
Characteristically, the leaf protoplasts were spherical, Dendrobium crumenatum [39]. In contrast, varying
irregular in shape, rich in chloroplasts and green in color. combinations of cellulase and pectinase in calli did not
On the other hand, the callus protoplasts were pale green produce high protoplast yields, indicating that these two
in color and spherical in shape. In addition, mesophyll enzymes were unable to sufficiently digest the cell wall of
protoplasts were metabolically active, which may have J. curcas L. calli. The combination of 2% (w/v) cellulase
enhanced their tolerance to external environmental onozuka R10 and 0.2% (w/v) pectolyase Y23 was used
stresses [22]. Meanwhile, isolating protoplasts from calli previously to successfully release protoplasts of Allium
was difficult because they were fragile. The different sativum [40]. In addition, 1.5% (w/v) cellulase and 1.5%
responses in yield and viability may result from the (w/v) pectinase produced a reasonable number of
differences  in  the  physiological  status and extent of protoplasts of Eurycoma longifolia [41].
cell-wall thickening of the plant materials, as Sinha et al. Generally, the enzyme treatment should use
[31] and Kativat et al. [32] reported that low enzyme incubation periods of 30 min to 20 hours. The adequate
concentrations at low temperatures and high pHs (5.0-8.0) duration for isolating protoplasts depends upon the
for a short incubation period were better than longer complexity of the cell wall, enzyme composition and
incubation periods with high enzyme concentrations, high incubation temperature. Usually, protoplasts are isolated
temperatures and a low pH value. at 25–28 °C for either a short or a long period of enzyme

Individual cells and tissues may require special incubation [35]. The incubation times for producing
conditions for successful protoplast isolation. The type protoplasts from Euphorbiaceae are highly variable and
of plant tissue is often considered as having an important range from 1 to 17 hours [23-26]. In the present study, the
effect on protoplast release. In the present study, in vitro maximum protoplast yields were found at 7 hours, while
mesophyll  tissue  allowed  a higher protoplast release longer incubation times (9-11 hours) produced lower
than the  callus,  which  agrees  with  previous    research viabilities.
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CONCLUSIONS 6. Songsri,      P.,      B.  Suriharn,      J.     Sanitchorn,

Successful isolation of protoplasts from the leaves of
J. curcas L. and R. communis L. was obtained. The
optimum condition for obtaining high protoplast yields of
in vitro leaves (0.1 gFW) required incubation at 30 °C for
7 hours. Based on the results, the enzyme solution for
releasing J. curcas L. protoplasts should be composed of
2% (w/v) cellulase onozuka R10, 0.2% (w/v) pectolyase
Y23, 0.7 M mannitol, 2.5 mM CaCl .2H O and 5 mM MES2 2

buffer at pH 5.6. In contrast,  isolating  protoplasts  from
R. communis L. was the best when the enzyme solution
consisted of 2% (w/v) cellulase onozuka R10, 2% (w/v)
pectinase, 0.5 M mannitol, 2.5 mM CaCl .2H O and 5 mM2 2

MES buffer at pH 5.0. Future work will focus on protoplast
fusion between J. curcas L. and R. communis L.
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